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Cardiac output and blood pressure normally increase 
with increasing physical activity. ALDOMET does not 
significantly impair normal fluctuations of blood 
pressure during exercise.!:2 


In a recent study of hypertensive patients whose 
cardiovascular response to exercise was evaluated 
before and during methyldopa therapy, “... methyldopa 
significantly reduced the rise in systolic pressure during 
the build-up (P<0.01) and subjective maximal stages 
(P<0.05) as well as at all phases of recovery (P<0.01).” 
Moreover, “The total duration of exercise (an index of 
work capacity) was unchanged with...methyldopa.”’ 


Such findings can be of importance to active hyper- 
tensive patients such as the athletic individual or the 
person whose work requires substantial physical effort. 
For these and many other hypertensive patients, 
ALDOMET represents a logical therapeutic choice. 


With ALDOMET , exercise hypotension rarely occurs. 
Sedation, usually transient, may occur during the initial 
period of therapy or whenever the dose is increased. 
Headache, asthenia, or weakness may be noted as early 
and transient symptoms. 


ALDOMET "offers many 


_ (METHYLDOPA|MSD) 


other important features: 


* Highly effective in all degrees of hypertension. 
* Existing cardiac output is usually maintained. 
*Renal blood flow is usually maintained. 
*Has documented long-term efficacy. 
*Significant adverse effects have been infrequent and 


the agent is usually well tolerated. ' 


For hypertension — 


ALDOMET" The most prescribed nondiuretic antihypertensive in the US. tc 


(METHYLDOPA|MSD) 


Will an antihypertensive 
-generally allow 

a normal cardiovascular 
response to exercise? 





ALDOMET is contraindicated in active hepatic 
disease, hypersensitivity to the drug, and if previa 
methyldopa therapy has been associated with live 
disorders. It is important to recognize that a positiv 
Coombs test, hemolytic anemia, and liver disord 
may occur with methyldopa therapy. The rare 
occurrences of hemolytic anemia or liver disorder 
could lead to potentially fatal complications unle 
properly recognized and managed. 















pp 56-63. 
2. Mancia G, Ferrari A, Gregorini G, et al: Effects of tre 
with methyldopa on basal hemodynamics and on neura 
latory control, in Zanchetti A (ed): ALDOMET'" (Methyldd 
MSD) in Worldwide Clinical Experience, West Point, PA, 
Merck Sharp & Dohme, 1979, pp 27-39. 

3. Lee WR, Fox LM, Slotkoff LM: Effects of antihyperte 
therapy on cardiovascular response to exercise. Am J C 


44:325-328, 1979. 


Copyright © 1980 by Merck & Co. Inc. All rights reser 


ALDOMET 


METHYLDOPA|MSD 


For a brief summary of prescribing 
information, please see following page. 









































Contraindications: Active hepatic disease, such as 
| hepatitis and active cirrhosis; if previous 
nyidopa therapy has been associated with liver 
rs (see Warnings); hypersensitivity. 
nings: It is important to recognize that a 
itive Coombs test, hemolytic anemia, and liver 
yrders may occur with methyldopa therapy. The 
| occurrences of hemolytic anemia or liver 
rders could lead to potentially fatal complica- 
s unless properly recognized and managed. 
d this section carefully to understand these 
h prolonged methyldopa therapy, 10% to 20% of 
ents develop a ‘positive direct Coombs test, 
‘between 6 and 12 months of therapy. Lowest 
Ice is at daily dosage of 1 g or less. This on 
asions may be associated with hemolytic 
which could lead to potentially fatal compli- 
One cannot predict which patients with a 
m Coombs test may develop hemolytic 
Prior existence or development of a positive 
ombs testis not in itself a contraindication to 
methyldopa. If a positive Coombs test 
; during methyldopa therapy, determine 
jer hemolytic anemia exists and whether the 
e Coombs test may be a problem. For 
lle, in addition to a positive direct Coombs test 
? is less often a positive indirect Coombs test 
may interfere with cross matching of blood. 
start of methyldopa therapy, itis desirable to do 
d count (hematocrit, hemoglobin, or red cell 
for a baseline or to establish whether there is 
. Periodic blood counts should be done 
therapy to detect hemolytic anemia. It may be 
to do a direct Coombs test before therapy and 
and 12 mónths after the start of therapy. If 
Coombs-positive hemolytic anemia occurs, the 
ause may be methyldopa and the drug should be 
iscontinued. Usually the anemia remits promptly. If 
corticosteroids may be given and other causes 
nemia should be considered. If the hemolytic 
lid is related to methyldopa, the drug should not 
9e reinstituted. When methyldopa causes Coombs 
90sitivity alone or with hemolytic anemia, the red cell 
S usually coated with gamma globulin of the IgG 
‘gamma G) class only. The positive Coombs test may 
ot revert to normal until weeks to months after 
nethyldopa is stopped. 
Should the need for transfusion arise in a patient 
eceiving methyldopa, both a direct and an indirect 
;oombs test should be performed on his blood. In 
he absence of hemolytic anemia, usually only the 
lirect Coombs test will be positive. A positive direct 
0ombs test alone will not interfere with typing or 
iross matching. If the indirect Coombs test is also 
lositive, problems, may grise in the major cross 
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match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesterol flocculation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa, the tempera- 
ture and abnormalities in liver function characteristi- 
Cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs, potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury toa 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method, 
serum creatinine by the alkaline picrate method, and 
SGOT by colorimetric methods. Since methyldopa 
Causes fluorescence in urine samples at the same 
wavelengths as catecholamines, falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma. 
Itis important to recognize this phenomenon beforea 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites. 
Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 
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The most prescribed 
nondiuretic antihypertensive 
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lar disease. Patients may require reduced doses of 
anesthetics; hypoteüsion occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Central nervous system: Seda- 
tion, headache, asthenia or weakness, usually early 
and transient; dizziness, lightheadedness, symp- 
toms of cerebrovascular insufficiency, paresthesias, 
parkinsonism, Bell's pal: y, decreased mental acuity, 
involuntary choreoathetotic movements; psychic 
disturbances, including nightmares and reversible 
mild psychoses or depression. 

Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (Disc@ntinue methyldopa if edema 
progresses or signs of feart failure appear.) 
Gastrointestinal: Nausela, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, 
sore or "black" tongue; pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. | 

Hematologic: Positive (Coombs test, hemolytic ane- 
mia. Leukopenia, granulocytopenia, thrombocyto- 
penia. Positive tests i antinuclear antibody, LE 
cells, and rheumatoid /factor. 

Allergic: Drug-related) fever, lupus-like syndrome, 
myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, de- 
creased libido, dermatologic reactions including 
eczema and licheno'd eruptions, mild arthralgia, 
myalgia. | 

Note: Initial adult diosage should be limited to 
500 mg daily when ‘given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third months of therapy: 
increased dosage or} ne a diuretic frequently 
restores effective control. Patients with impaired 
renal function may, respond to smaller doses. 
Syncope in older patents may be related to increased 
sensitivity and advariced arteriosclerotic vascular 
disease; this may be avoided by lower doses. 

How Supplied: Tablets, containing 125 mg methyl- 
dopa each, in bottles of 100; Tablets, containing 
290 mg methyldopa cach, in single-unit packages of 
100 and bottles of 100 and 1000; Tablets, containing 
500 mg methyldopa each, in single-unit packages of 


100 and bottles of 1100 and 500. 

For more detailed information, con- M c D 
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sult your MSD rep- resentative or see 
full prescribing iriformation. Merck 
HM 
JOAM34(709) 
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More than an nO CM 
Sensitivities up to 400 times 
that of standard ECG machines 


The High Resolution Amplifier Option for MAC MAC's innovative microprocessor detects a 
gives you the capability of recording extremely low corrects AC interference and baseline d 
amplitude, high frequency ECG components optimally positions the trace and automg 
oy amplifying signals up to 400 times that of ically initiates a rhythm strip whe 
andard electrocardiographs. The signal f arrhythmias are present. By monitori 
averaging technique employed effectively common problems, MAC does t 
enuates noise without distortion of the ECG | quality control before ECG's are recorde 
gnal. In the final repor, selected ECG leads \ | , or transmitted. State-of-the art microco 
shown at three different gains and four | puter technology allows new developme 
quency bands. Switch selectable options to be implemented without extensi 
llow the operator to select abnormal or hardware changes. Other available optio 
mMtermittent beats for averaging and adjust include Digital Recording and Transmissig 
e output to suit various applications. and Pacemaker Evaluation Progra 
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‘In Hypertension’... 


, 


Serum K* and BUN should be checked periodically (see Warnings). 


Before prescribing, see complete prescribing infor- 
mation in SK&F Co. literature or PDR. brief 
summary follows: 


WARNING 


This drug is not indicated for initial therapy of 
edema or hypertension. Edema orhypertension 
requires therapy titrated to the individual. If 
this combination represents the dosage so 


determined, its use may be more convenient in 


— 


patient management. Treatment of hyperten- 
sion and edema is not static, but must be 
reevaluated as conditions in each patient 
warrant. 


J Contraindications: Further use in anuria, progres- 
sive renal or hepatic dysfunction, hyperkalemia. 
Pre-existing elevated serum potassium. Hyper- 
sensitivity to either component or other sulfon- 
amide-derived drugs. 


Warnings: Do not use potassium supplements, 
dietary or otherwise, unless hypokalemia develops 
or dietary intake of potassiumis markedly im paired. 
If supplementary potassium is needed, potassium 
tdblets should not be used. Hyperkalemia can occur, 
and has been associated with cardiac irregularities. 
It is more likely in the severely ill, with urine 
volume less than one liter/day, the elderly and 
diabetics with suspected or confirmed renal insuffi- 
ciency. Periodically, serum K* levels should be 
determined. If hyperkalemia develops, substitute 





a thiazide alone, restrict Kt intake. Associated 
widened QRS complex or arrhythmia requires 
prompt additional therapy. Thiazides cross the 
placental barrier and appear in cord blood. Use in 
pregnancy requires weighing anticipated benefits 
against possible hazards, including fetal or neo- 
natal jaundice, thrombocytopenia, other adverse 
reactions seen in adults. Thiazides appear and 
triamterene may appear in breast milk. If their use is 
essential, the patient should stop nursing. Adequate 
information on use in children is not available. 


Precautions: Do periodic serum electrolyte deter- 
minations (particularly important in patients vomit- 
ing excessively or receiving parenteral fluids). 
Periodic BUN and serum creatinine determinations 
should be made, especially in the elderly, diabetics 
or those with suspected or confirmed renal insuffi- 
ciency. Watch for signs of impending coma in 
severe liver disease. !f spironolactone is used 
concomitantly, determine serum K* frequently; 
both can cause K* retention and elevated serum 
K+. Two deaths have been reported with such 
concomitant therapy (in one, recommended dos- 
age was exceeded, in the other serum electrolytes 
were not properly monitored). Observe regularly 
for possible blood dyscrasias, liver damage, other 
idiosyncratic reactions. Blood dyscrasias have 
been reported in patients receiving triamterene, 
and leukopenia, thrombocytopenia, agranulocy- 
tosis, and aplastic anemia have been reported with 
thiazides. Triamterene is a weak folic acid antag- 
onist. Do periodic blood studies in cirrhotics with 


splenomegaly. Antihypertensive effect may be 
enhanced in post-sympathectomy patients. Use 
cautiously in surgical patients. The following may 
occur: transient elevated BUN or creatinine or 
both, hyperglycemia and glycosuria (diabetic 
insulin requirements may be altereg), hyperurice- 
mia and gout, digitalis intoxication (in hypokalemia), 
decreasing alkali reserve with possible metabolic 
acidosis. Dyazide' interferes with fluorescent 
measurement of quinidine. 


Diuretics reduce renal clearance of lithium and 
increase the risk of lithium toxicity. 


Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth; anaphylaxis, rash, 
urticaria, photosensitivity, purpura, other dermat- 
ological conditions; nausea and vomiting, diarrhea, 
constipation, other gastrointestinal disturbances. 
Necrotizing vasculitis, paresthesias, icterus, pan- 
creatitis, xanthopsia and, rarely, allergic pneumo- 
nitis have occurred with thiazides alone. 
Triamterene has been found in renal stones in 
association with other usual calculus componefits. 


Supplied: Bottles of 1000 capsules, Single Unit 
Packages (unit-dose) of 100 (intended for institu- 
tional use only); in Patient-Pak™ unit-of-use bottles 


esis SK&F CO. 


© SK&F Co , 1980 
a SmithKline company 
Carolina, P.R^Q0630 
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Summary Of Prescribing Information 














Indications: Based on a review of this drug by The 
National Academy of Sciences— National Re- 


RE eye 


CHEWABLE SORBITRA 


(ISOSORBIDE DINITRATE) 5mg.or lO 


dependable, prolonged protection during periods of emotional or physical exertion yc. 
severe with chewable doses as low as 5 mg., the m AL 


nitrates may occur 

Adverse Reactions: Headache which may be severe 
and persistent. Lowering the dose and using analgesics 
will help control the headaches which usually diminish 










effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. 

Dosage Schedule: Smallest effective dose necessary for 
the prevention and treatment of pain of an angina attack. 


A, 
x 


1 search Council and/or other information, FDA has or disappear as therapy is continued 
classified the indications as follows: Adverse reactions seen occasionally: Cutaneous vaso CHEWABLE SORBITRATE® (isosorbide dinitrate) may iv 
" "Probably" effective: The chewable dosage form dilation with flushing; transient dizziness and weakness be taken for prompt relief of angina pain three or four m 
of SORBITRATE is indicated for the treatment of as well as other signs of cerebral ischemia associated times daily Although the onset and duration of effect d 
acute anginal attacks and for prophylaxis in situa- with postural hypotension individual marked sensitivity of coronary nitrates may vary, following is the gener. Fo 
tions likely to provoke such attacks. to the hypotensive effects of nitrates wherein severe ally reported range of these values for CHEWABLE sl 
| Final classification of the less-than-effective indi- responses can occur even with the usual therapeutic SORBITRATE XR 
| cations requires further investigation. dose (alcohol may enhance this effect): drug rash and/or Onset of Effect: Two to five minutes. a> 
exfoliative dermatitis Duration of Effect: One to two hours. = 
Contraindications: A history of sensitivity to the drug. This drug Sed p x = h Vemm perio ; 
Warnings: Data supporting the use of nitrates during RR e rine. acetylcholine, histamine ana otne STUART PHARMACEUTICALS 
Division of ICI Americas Inc. 3 


the early days of the acute phase of myocardial infarction 
are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other 


Dosage and Administration: Individual Dose: To min) 
mize hypotensive responses which may occasionally be 


Wilmington, DE 19897 
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LORVESS 


Each packet (2.8 g) provides 20 mEq each 
of potassium and chloride supplied by 
H potassium chloride 1.125 g, potassium  * 


bicarbonate 0.5 g, and L-lysine mono- 


hydrochloride 0.913 g. 
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ady in seconds instead of minutes : 
fast dissolution so unique it’s patented* 


pleasant citrus flavor 


A 


ch packet delivers 20 mEq of potassium 
id chloride 


sily carried in patient's pocket or purse 


n be mixed with water or other liquid for 
Neasant daily dosage 


sugar, sodium, carbohydrate and dye free 


Give your patients the KLORVESS sparkle 


Please see brief summary of prescribing information on adjoining page. 


l.S. Pat. No. 4,093,710 


Jorsey La“oratories/Division of Sandoz, Inc. 























z Klorvess* Effervescent Granules and 
orvess® (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: Kiorvess Effervescent Granules. Each packet 
(2.8 g) contains 20 mEq each of potassium and chloride supplied 
y potassium chloride 1.125 g, potassium bicarbonate 0.5 g, 
+fysin ohydrochloride 0.913 g in a sodium-, sugar- and car- 
reeeffervescent formulation. Dissolution ofthe packet 
i MOO! ‘water provides the potassium and chloride available 
5 ford gestion as potassium chloride, potassium bicarbonate, 
... potassium citrate and L-lysine monohydrochloride. s 
—-- Klorvess (potassium chloride) 10% Liquid: Each tablespoonful 
(15 ml) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable. cherry-with-pit flavored 
vehicle, alcohol 1%. . 
INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as à consequence of 
. therapy with potent diuretic agents and adrenal corticosteroids. 
. CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, palients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents. or hyperkalemia from any cause. 
OUD. PRECAUTIONS: In response to arise in the concentration of body 
^. «potassium, renal excretion of the ion is increased. Inthe presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be cartied out 
when. replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia of cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of Klorvess Effervescent Granules in 3 to 4 Ounces 
of cold water, fruit juice or other liquid or dilute each tabiespoon- 
ful of Klorvess (potassium chloride) 10% Liquid in 3to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
~ mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
- kalemia is characterized by the early appearance of tall, peaked 
` T waves. The R wave is decreased in amplitude and the. S wave 
deepens; the QRS complex widens progressively. The P wave 
wid ar creases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 
DOSAGE AND ADMINISTRATION: Klorvess Effervescent 
-Granules: Adults — One packet completely dissolved 2 tc 4 times 
daily depending upon the requirements ofthe patient. — 
_Klorvess (potassium chloride) 10% Liquid: Adults —One table- 
- ^. spoonful (15 mil) completely diluted in cold water 2 to 4 times 
—. daily depending upon the requirements of the patient, 


Both of these solutions should be ingested slowly with meals or 
immediately after eating. 

OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under "Contraindications" Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapid a lowering 
of plasma potassium concentration can cause digitalis toxicity. 


HOW SUPPLIED: Klorvess E tfervescent Granules — packages of 
30 packets (2.8 g each). Klorvess (potassium chloride) 10% Liquid 
{dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
... bottles. Klorvess Effervescent Granules and Liquid are also avail- 
-o able in institutional packaging as follows: Klorvess Effervescent 
Granules—packages of 1000 packets; Klorvess Liquid —36 (3 x 
12) x 4 oz Unit-of-Use bottles and 100 (4 x 25) x 15 mi Unit- 
Dose bottles. 


(For complete details, please consult full prescribing information) 
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No matter 
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INDICATIONS— Based on a review of this drug by 
the National Academy of Science-National Research 
Council and /or other information, FDA has classified 
the indication as follows 


"Possibly" effective: For long-term therapy of chronic 
angina pectoris. Prolonged therapy may reduce the 
frequency or eliminate anginal episodes, improve ex- 
ercise tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abogt the acute 
anginal attack 


Final classification of the less-than-effective indica- 
tions requires further investigation 





CONTRAINDICATIONS —No specific 
contraindications are known. 


PRECAUTIONS—Since excessive 
doses can produce peripheral vasodila- 
tion, the drug should be used cautiously 
in patients with hypotension. Persantine 
tablets, 25 mg, contain FD&C Yellow No 
5 (tartrazine) which may cause allergic- 
type reactions (including bronchial 
asthma) in certain susceptible in- 
dividuals. The incidence of sensitivity 

IS generally low, but frequently seen in 
patients with aspirin hypersensitivity 


ADVERSE REACTIONS— Adverse reac- 


tions are minimal and transient at 


wouldnt you 
rather have the 


original? 








recommended dosages. Instances of 
headache, dizziness, nausea, flushing 
weakness or syncope, mild gastroin- 
testinal distress and skin rash have been 
noted during therapy. Rare cases of 
what appeared to be an aggravation of 
angina pectoris have been reported, 
usually at the initiation of therapy. On 
those uncommon occasions when ad- 
verse reactions have been persistent or 
intolerable, withdrawal of medication 
has been followed promptly by cessa- 
tion of undesirable symptoms 


DOSAGE AND ADMINISTRATION— 
The recommended dosage is 50 mg 


Lee Boltin/Metropolitan Museum of A 


yridamole. 


three times a day, taken at least one 
hour before meals. In some cases 
higher doses may be necessary but a 
significantly increased incidence of side 
effects is associated with increased 
dosage. Clinical response may not be 
evident before the second or third 
month of continuous therapy 

Tablets of 25 mg and 75 mg k = 
For complete details, please see the full 
prescribing information 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 









E | ne Mellitus of Adult Onset 
VINCENT J. VIGORITA, G. WILLIAM MOORE and GROVER M. HUTCHINS - 


Correlation of the clinical and autopsy data in 185 patients with diabetes mellitus ot adult onset st suggests tha 

: progression of atherosclerotic disease is unrelated to the duration or severity of the diabetes, but the larger 
fry arteries in the diabetic patients are subject to more atherosclerosis than are those in nondiabetic subjec 
Qu -The diabetic patients also showed an increase in angiographically determined number of diseased coronar es 
< gels, diffuseness of coronary disease and collateralization of coronary arteries. The severity. of diabetes m 
predicted only retinopathy. These results indicate that the progress of larger vessel coronary atherosclero | 

ease in diabetes mellitus of adult onset takes place Independiiy of the progress of the diabetes itself 













































543 -Clinical and Arteriographic Variables Predictive of Survival in Coronary Artery Disease - : 
. EDWARD V. PLATIA, LOUISE GRUNWALD, E. DAVID MELLITS, JOHN .O' NEAL, _ HUMPHRIES and 
F LAWRENCE S. C. GRIFFITH — | d 
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f ng multivariate stepwise discriminate function analysis: 

ry arteriography at The Johns Hop ns Hospital betweet 

following three independent. predictors of mortality: (1) the si 

anterior descending and right coronary arteries; (2) prior myoc 
—. rowing proximal to the first anterior descending septal branch. 

graphic test also proved an independent predictor of mortalit 

. in patients with a 70 percent or greater narr 

| stress test and the best 6 ou MIO in patie 





5: 3 Merits of Stress Thallium-201 Myocardili Perfusion Imaging Ii 
F _Electrocardiograms: Correlation With Coronary Arteriograms PH E di 
—  ABDULMASSIH S. ISKANDRIAN, LOU S A. WASSERMAN, GARY S. ANDERSON, HAMID HAKKI, 
BERNARD L. SEGAL and SALLY KANE | | m 


in this study of 65 patients with an inconclusive exercise electiocardiogram, exercise thallium-201 scintigrap 
had a specificity of 97 percent, à sensitivity of 70 percent, a predictive positive value of 95 percent anda predic 
tive negative value of 82 percent. With this technique the invest gators were able to predict the correct diagnosi 
in 56 (86 percent) of the 65 patients with | 3n inconclusive exerc ise electrocardiogram. In such patients exercis 
3 thallium-201 imaging appears to be more reliable when the images are abnormal than when they are norma 
» The high specificity and predictive accuracy of this noninasive method could reduce the need for coronary. art 
us ography in patients w with an inconclusi Vi cise electrocardiogram for coronary heart disease. | 






















MINIPRESS Effective 
prazosin HUI by Reduci 


Artist's representation of the lumen of an arteriole, 
lilation of which results in reduced peripheral resistance 
and blood pressure. 





ontrols Hypertensio 
Peripheral Resistance 


» MINIPRESS Reduces Mean Arterial 


Pressure 


* MINIPRESS Reduces Total Peripheral 


Resistance 


s MINIPRESS Does Not Reduce 
Cardiac Index 


and Maintains These Effects Over 
the Long Term 


Mean Arterial Total Peripheral Cardiac 
Pressure Resistance Index Index 


Percent change 


Relative hemodynamic changes at rest and during exercise after one year of 
prazosin therapy in 10 hypertensive patients. Adapted from Lund-Johansen! 


| Rest W Exercise 


MIN IPRESS 


(prazosin HCl) Es" 





ECTTXEP Capsules 1 mg, 
Dla | 2mg,5mg 

« Effectively lowers elevated blood pressure 
by reducing peripheral resistance. 

a Maintains cardiac output which allows 
patients to maintain an active life style. 


* Maintains renal blood flow and glomerular 
filtration rate so it can be used effectively 


, 


even in patients with renal impairment. 

* Not a CNS agent so patients experience 
few of the troublesome CNS side effects 
that impair their quality of life. 

e Cardiovascular response to exercise is 
preserved so patients are less likely to 
experience the fatigue often associated 
with beta-blocker therapy. 

* A small percentage of patients have 
experienced orthostatic hypotension 
and syncope. 


IEF SUMMARY 
PRESS® (prazosin hydrochloride) CAPSULES For Oral Use 
INDICATIONS: MINIPRESS*? (prazosin hydrochloride) is indicated in the treatment 
f hypertension. As an antihypertensive drug, it is mild to moderate in activity. It can be 
[as the initial agent or it may be employed in a general treatment program in 
conjunction with a diuretic and/or other antihypertensive drugs as needed for proper 
tient response. 

ARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with sudden 
of consciousness. In most cases this is believed to be due to an excessive postural 
sive effect, although occasionally the syncopal episode has been preceded by a 
severe tachycardia with heart rates of 120-160 beats per minute. Syncopal 
5 have usually occurred within 30 to 90 miniites of the initial dose of the drug: 
ionally they have been reported in association with rapid dosage increases or the 
roduction of another antihypertensive drug into the regimen of a patient taking high 
es of MINIPRESS (prazosin hydrochloride). The incidence of syncopal episodes is 
ximately 156 in patients given an initial dose of 2 mg or greater. Clinical trials 
conducted during the investigational phase of this drug suggest that syncopal episodes 
an be minimized by limiting the initial dose of the drug to 1 mg, by subsequently 
sing the dosage slowly, and by introducing any additional antihypertensive drugs 
patient’s regimen with caution (see DOSAGE AND ADMINISTRATION). 
nsion may develop in patients given MINIPRESS who are also receiving a beta- 
i such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and treated 
iupportively as necessary, This adverse effect is self-limiting and in most cases does not 
ecur after the initial period of therapy or during subsequent dose titration. 

- Patients should always be started on the 1 mg capsules of MINIPRESS (prazosin 
drochloride). The 2 and 5 mg capsules are not indicated for initial therapy. 
More common than loss of consciousness are the symptoms often associated with 
Gwering of the blood pressure, namely, dizziness and lightheadedness. The patient 
iould be cautioned about these possible adverse effects and advised what measures to 
ake should they develop. The patient should also be cautioned to avoid situations where 
tjury could result should syncope occur during the initiation of MINIPRESS (prazosin 
ydrochloride) therapy. 
Usage in Pregnancy: Although no teratogenic effects were seen in animal testing, 
safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not been 
ished. MINIPRESS (prazosin hydrochloride) is not recommended in pregnant 
n unless the potential benefit outweighs potential risk to mother and fetus. 
isage in Children: Noclinical experience is available with the use of MINIPRESS 
zosin hydrochloride) in children. . 
VERSE REACTIONS: The most common reactions associated with MINIPRESS 
osin hydrechloride) therapy are: dizziness 10.3%, headache 7.896, drowsiness 7.6%, 
of energy 6.9%, weakness 6.596, palpitations 5.396, and nausea 4.9%, In most 
stances side effects have disappeared with continued therapy or have been tolerated 
ith no decrease irt dose of drug. Po ae m E 
























































Hypertension 


B.LD. Dosage Titration... 
the Key to Effective 
Control of | 


im 


The usual 

maximum daily 

dosage is 20 mg in 

divided doses, although 

a few patients may benefit 

from increases up to 40 mg 

"Or t.i.d. 





The following reactions have been associated with MI NIPRESS (prazosin hydrochlo- 
ride), some of them rarely. (in some instances exact causal relationships have not been 
established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/or 
pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness. vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus. 

Genitourinary: urinary frequency, incontinence, impotence. 

BENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion, 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports of 
cataract development or disappearance have heen reported. In these instances, the exact 
causal relationship has not been established because the baseline observations were 
frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included adequate baseline 
examinations, no drug-related abnormal ophthalmological findings have been reported. 
DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration: 

Initial Dose: | mg two or three times a day. (See Warnings}. 

Maintenance Dose; Dosage may be slowly increased to a total daily dose of 20 mg 
given in divided doses. The therapeutic dosages most commonly employed have ranged 
from 6 mg to 15 mg daily given in divided doses. Doses higher than 20 mg usually do not 
increase efficacy, however a few patients may benefit from further increases up to a daily 
dose of 40 mg given in divided doses. After initial titration some patients can be 
maintained adequately on a twice daily dosage regimen. 

Use With Other Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS ( prazosin hydrochloride) should be reduced ro | mg or 2 mg three 
times a day and retitration then carried out. 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg (white 
#431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and uni dose 
institutional packages of 100 (10 x IOs) and 5 mg (blue and white 8438) capsules in 
bottles of 250, 500 and unit dose institutional packages of 100 ( IO x 10's}. 
More detailed information available on Téquest. 

Reference: 








daily in divided doses. 
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& Whether hes in a cardiac conditioning, diagnostic or rehabilitation program, your patient deserves the best i 


: nbn 


exercise equipment. At Collins, we've been making the best for sixty years. From our first treadmill to ourr 
-. Pedalmate ergometer, each product has been developed to meet the Collins standard of excellenc inn 


design, durable construction and easy operation. 
The result has been a continuing tradition of superior instruments that reflect not only the latest technology, 


concern for patient comfort and safety as well. Each treadmill features handrails, a large usable walking area 


6 


new fiberglass fabric-coated surface under the belt to minimize friction and wear. Our four treadmills offer spe 


ids 


ranges up to 16 mph and electric lift from 0-40%. For precise manual or automatic heart rate control capabilit 


the Pedalmate combines the convenience of an exercise bicycle with the choice of either a 25-200 or 50-400 wat 
brake unit. | Ux 


High quality plus performance — it all adds up to product integrity that has made Collins 
the first choice for over half a century. So when you need exercise equipment, 

choose Collins. You'll be sure of the best for your patient — and yourself. Write today 
for our latest catalog. 


A AANEREN 


Compact Treadmill _ | 7 .. es 
: nph or 0 8 8.0 mph, Q-25% lift — —— Pedalmmate Ergometer Se of - 
ee ee : or Automatic Heart Rate | 













e saphenous vein bypass 


tO DOCO lypertensiv perativ m of sympathetic activity 
nts with new hypertension after saphenous vein bypass surgery remains uncertain. 
























arly Results With Composite Strut Caged Ball Prostheses 2 

QUENTIN MACMANUS, GARY GRUNKEMEIER, LELAND HOUSMAN, CHRISTOPHER MALONEY, 

.. BRADLEY HARLAN, LOUIS. LAMBERT. and ALBERT STARR 

2 . . Experience with 270 operative survivors of mitral valve replacement with the model 6400/10 prosthesis and 240 

|. Operative survivors of aortic valve replacement with a model 2400/10 prosthesis, all on continuous anticoagu- 

— .. lant therapy, indicates that cloth wear and hemolysis have not been significant problems with this prosthesis. 
. The rates of thromboembolism are comparable with those reported for xenograft bioprostheses. The composite 


strut valve is a durable alternative to the glutaraldehyde-preserved porcine xenograft valve in patients who are 
. . able to tolerate anticoagulant therapy. | 





0 . Genesis of Pericardial Knock in Constrictive Pericarditis 
.. THEODORE |. TYBERG, ALLAN V. N: GOODYER and RENE A. LANGOU 





5. Supported by data from left ventriculograms, phonocardio 

-with hemodynamic and pathologic findings of constrictive 
*; tigators were able to relate pericardial knock to an abrup 

-This relation was evident in five patients with constrictiv 
with pericarditis and no knock. These data support the view that sudden cessation of ventricular filling generates 
‘the pericardial knock of constrictive pericarditis. Although the precise mechanism by which the sudden limita- 
tion of ventricular filling in constrictive pericarditis is converted to the sound of the pericardial knock remains to 
-be clarified, a "water-hammer'"' effect or a “sail-flop” phenomenon may be responsible. 


grams and external pulse recordings in seven patients 
pericarditis and in seven normal subjects, these inves- 
t plateau in the diastolic left ventricular volume curve. CES 
e pericarditis and the knock but absent in two patients CRIMES 






nitiation and Termination of Ventricular Tachycardia by Supraventricular Stimuli. Incidence and 
ectrop ysiologic Determinants as Observed During Programmed Stimulation of the Heart 
HEIN J. J. WELLENS, FRITS W. BAR, JERÓNIMO FARRÉ, DAVID L. ROSS, ISAAC WIENER and 
EDGARD J. VANAGT u e aroma, 
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c Like any other professional instrumentation, 
" an exercise tolerance system can be right for one 
-physician and something less (or more) for another. 
_ Theright choice depends on your practice, preferred 





os protocols, staff, budget, and other considerations. 





That's why Burdick offers a choice of ExTOL™ 
' Systems to match your needs, without resorting to 
.. acombination of components that lack the instru- 

< ment compatability and one-source serviceability 
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Offers a choice. 





tems with a wide choice of options — single or 
three-channel cardiographs, single or multi-chan- 


nel monitors, defibrillators, and our economical . 


TMS-400 or deluxe TMS-300 treadmill with remote. v 


control and programmer. In short, we have an 
ExTOL system that's right for your practice, your 
particular needs. 





For complete information about ExTOL, or 


demonstration, call or write | 
The Burdick Corporation, Milton, Wis. 53563. 
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Diulo (metolazone) 10mg 
Indicated for use in 
chronic CHF 


In acute pulmonary edema, dramatic volume 
depletion is desirable. That's why agents capable of 
producing profound diuresis within a few hours are 
indicated. But where smooth, prolonged effect is 
desirable — as in patients with chronic CHE whether 
they be bedridden and elderly, ambulatory, or have low 
GFRs — a single, oral, therapeutic dose of Diulo 
produces effective natriuresis for up to 24 hours. 

With Diulo 10 mg, your patient with chronic CHF 
benefits from effective diuretic action. But unlike those 
receiving more potent diuretics, patients receiving 
Diulo are not "wrung out" in two or three hours. 

Although the conditions of some patients can be 
adequately controlled with a 5-mg dose of Diulo, one 
10-mg tablet daily can provide effective diuresis around 
the clock in your patients with CHE including those 
with paroxysmal nocturnal dyspnea. 


DIULO™ (metolazone) 2'/-mg., 5-mg. and 10-mg. tablets Before 
prescribing, see complete prescribing information. The following is 
a brief summary: Indications: Diulo (metolazone) is an antihyper- 
tensive diuretic indicated for the management of mild to moderate 
essential hypertension as sole therapeutic agent and in the more 
severe forms of hypertension in conjunction with other antihyper- 
tensive agents. Also, edema associated with heart failure and renal 
disease. Contraindications: Anuria, hepatic coma or precoma; 
allergy or sensitivity to metolazone. Warnings: In theory, cross- 
allergy may occur in patients allergic to sullonamide-dan iem drugs, 
thiazides or quinethazone. Hypokalemia may occur, and is a particu- 
lar hazard in digitalized patients; dangerous or fatal arrhythmias 
may occur. Azotemia and hyperuricemia may be noted or precipi- 
tated. Considerable potentiation may occur when given concur- 
rently with furosemide. When added to other antihypertensives, the 
dosage of the other agents should be reduced. Use with potassium- 
sparing diuretics may cause potassium retention and hyperkalemia. 
Administration to pregnant women or those of childbearing age 
requires that potential benefits be weighed against possible hazards 
to the fetus. Metolazone appears in the breast milk. Not recom- 
mended for pediatric use. Precautions: Perform periodic examina- 
tion of serum electrolytes, BUN, uric acid, and glucose. Observe 
patients for signs of fluid or electrolyte imbalance, hyponatremia, 
hypochloremic alkalosis and hypokalemia. These determinations 
are particularly important when there is excessive vomiting or 
diarrhea, or when parenteral fluids are administered. Patients 
treated with diuretics or corticosteroids are susceptible to potas- 
sium depletion. Caution should be observed when administering to 
patients with gout or hyperuricemia or those with severely impaired 
renal function. Insulin requirements may be affected in diabetics, 
and hyperglycemia and glycosuria may occur in latent diabetes. 
Chloride deficit and hypochloremic alkalosis may occur. Orthostatic 
hypotension may occur. Dilutional hyponatremia may occur 
Adverse Reactions: Constipation, nausea, vomiting, anorexia, 
diarrhea, bloating, epigastric distress, intrahepatic cholestatic jaun- 
dice, hepatitis, syncope, dizziness, drowsiness, vertigo, headache, 
orthostatic hypotension, excessive volume depletion, hemoconcen- 
tration, venous thrombosis, palpitation, chest pain, leukopenia, 
urticaria, other skin rashes, dryness of mouth, hypokalemia, hypo- 
natremia, hypochloremia, hypochloremic alkalosis, hyperuricemia, 
hyperglycemia, glycosuria, raised BUN or creatinine, fatigue, muscle 
cramps or spasm, weakness, restlessness, chills, and acute gouty at- 


tacks. Usual Initial Once-Daily Dosages: Mild to moderate essential _ 


hypertension — 22 to 5 mg.; edema of cardiac failure — 5 to 10 mg.; 
edema of renal disease — 5 to 20 mg. Dosage adjustment is usually 
necessary during the course of therapy. How Supplied: Tablets, 
2'4, 5 and 10 mg.; in bottles of 100 and 500, and cartons of 100 unit- 
dose individually blister-sealed tablets. 


SEAR Searle Laboratories T 
Division of Searle Pharmaceuticals Inc. 
Box 5110, Chicago, lllinois*60680 — oc« 


M 






‘Kinetics of Antifibrillatory Effects of Bretylium: Correlation With Myocardial Drug Concentrations 


_ JEFFREY L. ANDERSON, EUGENE PATTERSON, MARILYN CONLON, STANISLAW PASYK, 
_ BERTRAM PITT and BENEDICT R. LUCCHESI | 















These data confirm the excellent antifibrillatory effects of bretylium in the dog heart and emphasize the impor- — 
tance of tissue pharmacokinetics in determining its behavior. Serum bretylium concentration decreased rapidly 
fter intravenous injection, whereas myocardial concentrations increased gradually, peaking at 1.5 to 6 hours 
in both open and closed chest dogs. Electrophysiologic and antifibrillatory effects paralleled myocardial rather 
'an serum drug kinetics with peak. effects at 3 to 6 hours. The average increase in the ventricular fibrillation 
hreshold exceeded 12-fold after administration of 6 mg/kg of the drug (2 minutes to 12 hours). These results eè- 
suggest a need during the clinical use of this drug for repeated acute drug dosing and allowance of greater time 
. after acute bretylium administration before assuming drug failure. | 
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- Myocardial Effects of Long-Term Cigarette Smoking: Relative Roles of Carbon Monoxide and 
. Nicotine . E : Enc qaum (ua 


|... SULTAN AHMED, CHRISTOS B. MOSCHOS, HENRY A. OLDEWURTEL and TIMOTHY. J. REGAN 


_In this well designed beagle study the effects of long-term cigarette use on the myocardium appear to depend 
predominantly on nicotine rather than on carbon monoxide. Carboxyhemoglobin did not differ among beagles 
smoking three cigarettes of low or high nicotine content, either in the immediate postsmoking or late period. In 
dogs smoking low nicotine cigarettes for 18 months there were no abnormalities of myocardial performance or 
composition. The nicotine users exhibited a significant decrease in diastolic compliance during volume expan- 
sion, a decrease in the basal contractility indexes and increases in the collagen content of the myocardium. 

. Serum lipids were unchanged in the long-term smokers and in the group receiving nicotine. 


99  Electrophysiologic Effects of Imipramine and Doxepin on Normal and Depressed Cardiac Purkinje ^ 
__ Fibers | 


F. JAMES BRENNAN 





In this study the direct electrophysiologic actions of imipramine and doxepin on isolated canine Purkinje fibers 
are shown to be similar. Moderately depressed fibers are more sensitive than normal fibers to certain of these 
effects. Both imipramine and doxepin reduced conduction velocity and failed to alter the refractory periods of 
the depressed fibers whereas at the same concentration in normal fibers they caused no change in conduction 
velocity but shortened the refractory periods. The different incidence rates of arrhythmias and conduction distur- - 
bances associated with their clinical use is probably not due to differences in their direct electrophysiologic ef- 
fects on the ventricular specialized conduction system, but may be due to the generally lower plasma drug levels 
‘in patients receiving doxepin than in those receiving imipramine. ME 
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What happened the other 9996 of the 
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1979 brought a breakthrough in Holter monitoring. ^ 
development of micro-computer controlled fiberoptics made it 
possible to print every ECG complex into a textbook format, | 
providing twenty-four, hourly pages of ECG data. Ve 
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No matter who the Of erator, the report is identical eve y | 
time, and only takes three minutes to generate. Plus, this report 
hat of conventional Holter 
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(PROPRANOLOL HC) 





s A modest reduction in pulse rate: usually 
the first sign that INDERAL is at work. 
Mode of action, yes. Side effect, no. Because 
^ itis generally accepted that even heart rates 
. aslow as 50to 55 beats per minute, in otherwise 
|. os asymptomatic patients, are not usually a cause 
o 0 forconcern. The real side effects* associated 
|| with INDERAL occur so infrequently that today 
(o 0 over 4/4 million hypertensive patients are 
doing well on regimens built around INDERAL. 
To their physicians, the signs are 
even more encouraging... 
Ut because INDERAL, alone or in combination 
with other agents, has established a remarkable 
record of blood pressure control. Another 
encouraging sign: increased dosage usually does 
oe not produce proportional decreases in heart rate. 
Proper patient selection is important: 
~ JNDERAL should be employed only in the 
| absence of congestive heart failure, sinus brady- 
| cardia, or heart block greater than first degree.” 
e But in most patients, the initial signs of its 
c effectwill be reflected in subsequent signs of 
— effectiveness: significantly lowered blood 
pressure. | 


ffective in b.i.d. dosa p 
For most patients twice-daily dosing of INDERAL 
is effective in maintaining blood pressure 
reduction throughout the day. Some patients 

< on lower doses may experience a modest rise in 

~ blood pressure at the end of a 12-hour interval. 

-— Larger doses, or t.i.d. dosing, should re-establish 

. control. 





















Xt the heart of wel-toler: 
_antihypertensive therap 
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*Please see the following page for brief summary of pre: 
mation on warnings, including avoidance of abr 
aindications, and adverse reactions. 










































SUMMARY 


ULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR) 


B iA DOF 
gic blocking agent 


ULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 
ENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 


USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 


DRUG . 


2 2 ACTIONS = Ga p 

the antihypertensive affects of INDERAL has not been established. 

that may be involved in the antihypertensive action are (1) decreased 

2) inhibition of renin release by the kidneys, and (3) diminution of tonic sym- 
@ outflow from vasomotor centers in the brain. OMS as c 
ydrochloride decreases heart rate, cardiac output, and blood pressure. Al- 


lo decrease. However, there are certain more recent studies suggesting 
sence of sodium restriction, plasma volume may increase. . 





Duc uen CONTRAINDICATIONS 

VERAL is contraindicated in T! bronchial asthma; 2} allergic rhinitis during the pollen sea- 

n; 3) sinus bradycardia and greater than first degree block: 4) cardiogenic shock: 5) right 
ticular failure secondary to pulmonary hypertension: 6) congestive heart failure (see 

WARNINGS) unless the faiture is Secondary to a tachyarrhythmia treatable with INDEÉRAL. 7) 

ients on aürenergic-augmenting psychotropic drugs (including MAO inhibitors), and 

g the two week withdrawal period from such drugs. 

"ium WARNINGS c1 8 

Z FAILURE: Sympathetic stimulation is a vital Component supporting circulatory 
congestive heart failure, and inhibition with beta-blockade always carries the po- 

dot further depressing myocardial contractily and precipitating cardiac tait- 

DERAL acts selectively without abolishing the inotropic action of digitalis onthe heart 

tof supporting the strength of myocardial contractions}, in patients already 
igitalis, the positive inotropic action ol digitalis may be reduced by INDERAL's 
tropic effect. The effects o! INDERAL and digitalis are additive in depressing AV 





TIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 

tdium over a period of time can, in some cases, lead to cardiac failure. In rare in- 

this has been observed during INDERAL therapy Therefore, at the first sign or 

iptom of impending cardiac failure, patients should be fully digitaized and/or given a 

nd the response observed Closely: a) if cardiac failure continues, despite ade- 

Halization and diuretic therapy INDERAL therapy should be immediately with- 
tachyarrhythmia is being controlled, patients should be maintained on com- 

tapy and the patient closely followed until threat of cardiac failure is over. 





S WITH ANGINA PECTORIS, there have beeri reports of exacerbation of 


erapy. Therefore, when discontinuance of INDERAL is planned the dosage - 
d be gradually reduced and the patient carefully monitored, In addition, when 
i$ prescribed for angina pectoris, the patient should he cautioned against 
phon or cessation of therapy without the physician's advice. ii INDERAL therapy 
ited and exacerbation of angina occurs. if usually is advisable to reinstitute 
L therapy and take other measures appropriate for the management of unsta- 
pectoris. Since coronary artery disease may be unrecognized, if may be 
failow the above advice in patients considered at risk of having occult: 
totic heart disease, who are given propranolol for other indications. - 


ATIENTS WITH THYROTOXICOSIS, possible deleterious effects from jong term use 

ot been adequately appraised. Special consideration should be given to 

olol’s potential for aggravating congestive heart failure. Propranolol may mask the 

‘al Signs of developing or continuing hyperthyroidism or complications and give a false 

ession of improvement. Therefore, abrupt withdrawal of propranolol may be followed by 
bation of symptoms of hyperthyroidism, including thyroid storm. This is another 

T withdrawing propranolol slowly, Propranolol does not distort thyroid function 


PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, severai cases have been 
orted in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
quiring a demand pacemaker. inore case this resulted alter an initial dose of 5 mg 
Opranotol. ‘ ^ 
IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
iaintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
fect. Ther®fore, INDERAL should be titrated carefully when administered for arrhythmias 
curring during anesthesia. 2 Eoo X a 








d, in some cases, myocardial infarction, following abrupt discontinuation of - | 





t | hy 
aff cording OY 3 ise of emergency 

surgery since INDERAL is a competitive eptor agonists, its effects can 

be reversed by administration of such agents, e isoproterenot or levarterenol. However. 


such patients may be subject to protracted Severe hypotension: Difficulty in restarting and 
maintaining the heart beat has also been reported, — / 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSRASM {s g.. CHRONIC BRON. 
CHITIS, EMPHYSEMA). INDERAL should be administered with Caution since it may block 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of 
beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta- EY 
adrenergic blocking activity INDERAL may prevent the appearance of premonitory signs; ^: 
and symptoms (pulse rate and pressure changes) of acute hypogiycemia. This is especially - " 
important ta keep in mind in patients with labile diabetes. Hypoglycemic attacks may be ac- . 
companied by a precipitous elevation of blood pressure. xov xe 

USE IN PREGNANCY The safe use of INDERAL in human pregnancy has not been ese « 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that. 
the possible risk to mother and/or fetus be weighed against the expected therapeutic bene 
fit. Embryotoxic effects have been seen in animal studies at doses about 10 times the max- 
mum recommended human dose. . 


PRECAUTIONS T 

Patients receiving catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added catecholamine blocking action of tis drug 
may then produce an excessive reduction of the resting sympathetic nervous activity Oca- 
sionally. the pharmacologic activity of INDERAL may produce hypotension and/or marked 
bradycardia resulting in vertigo, syncopal attacks. or orthostatic hypotension. 

As with any new drug given over prolonged periods. laboratory parameters should be ab- 
served at requiar intervals, The drug should be used with caution in patents with impaired 
renal or hepatic function. 


ADVERSE REACTIONS 
Cardiovascular: bradycardia, congestive heart failure: intensification of AV block: hypoten- 
Sion; paresthesia of hands, arterial insufficiency, usually of the Raynaud type: thrombocyto- 
penic purpura ea l 
Central Nervous System. lightheadedness: mental depression manifested by insomnia, 
trassitude, weakness, fatigue: reversible mental depression progressing to catatonia: visual 
disturbances; hallucinations: an acute reversible syndrome characterized Dy disorientation 
lor time and place, short term memory loss, emotional lability. shghtly clouded sensorium, 
and decreased performance on neuropsychometrics 
Gastrointestinal: nausea, vomiting, epigastic distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis 
Allergic: pharyngitis and agranulocytosis. erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 
Respiratory: bronchospasm 
Hematologic. agranulocylosis, nonthrombocytopenic purpura, thrómbocylopenic 
purpura 
Miscellaneous: reversible alopecia Oculomucocutaneous reactions involving the skin, 
serous membranes and conjunctivae reported for a beta blocker tpractolot) have not been 
conclusively associated with propranoltol i 
Ciimical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 
DOSAGE AND ADMINISTRATION 
ORAL 
HYPERTENSION Dosage must be individualized The usual intial dosage is 40 mg. * 
INDERAL twice daily, whether used alone or added to a diuretic Dosage may be increased 
gradually until adequate blood pressure s achieved. The usual dosage is 160 to 480 mg per - 


day. in some instances a dosage of 640 mg may be required. The time needed tortul hyper- ~ 
. lensive response to a given dosage is variable and may range frorn a few days to several 


Weeks. 

While twice-daily dosing is effective and can maintain a reduchon in blood pressure 
throughout the day, some patients, especially when lower doses are used. may experience 
. a modest rise in biood pressure toward the end of the 12 hour dosing interval. This can be 

evaluated by measuring blood pressure near the end of Ihe dosing interval to determine 
whether satisfactory control is being maintained throughout the day, If controtis not ade- 
quate, a larger dose. or 3 times daily therapy may achieve better contro. 
PEDIATRIC DOSAGE 
At this time the data on the use of the drug in this age group are too limited to permit ade- 
quate directions tor use. 
INTRAVENOUS 

The intravenous administration of INDERAL has not been evaluated adequately in the 

management of hypertensive emergencies. 


| OVERDOSAGE OR EXAGGERATED RESPONSE 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPON E. THE FOLLOWING 


BRADYCARDIA — ADMINISTER ATROPINE (0.25 to 1.0 mg) IF THERE IS NO RE- 
SPONSE TO VAGAL BLOCKADE. ADMINISTER ISOPROTERENOL CAUTIOUSLY | 

CARDIAC FAILURE — DIGITALIZATION AND DIURETICS v vh SE 

HYPOTENSION —VASOPRESSORS. e g. LEVARTERENOL OR EPINEPHRINE (THERE IS 





HOW SUPPLIED 
INDERAL 
(propranalol hydrochloride) 


No. 461 —Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles of 100 


No 464.-Each scored tablet contains 46 mg of propranolol hydrochionde. in bottles of 100 
No. 468 -Each scored tablet contains 80 mg of propranolol hydrochloride, in bottles of 100 


INJECTABLE 


No. 3265-- Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. Tia 
pH i& adiusted with citric acid. Supplied as. 1 mL ampuls in boxes of 10. AN 


7919 


ereemeern tetto en St i e imi 


e$ AYERST LABORATORIES 
Md New York, NY 10017. 
































CAVITRON'S i 
“ALL IN TWO” SOLUTION dex 


for measuring CARDIAC OUTPUI. 


OXYGEN CONTENT ANALYZER OC-60 


| Vo, 
? V9 OD 


O Use the Classic Fick Standard — 
O- Content of Blood and Gas 


[] Measure O2 Content — Don't 
Estimate It 

[] Use Smaller Blood Samples — 
20 uL 


C] Believe O2 Content — 0.99 
Correlation with Van Slyke 


A TRUE 7F THERMAL DILUTION CATHETER 


CO Reduce Introduction Trauma — use a 
7F introducer 


C] Receive Accurate Blood Pressure — Large 
distal lumen means better frequency 

; response 
O Believe Cardiac Output — A single 
one percent (196) thermistor 
means accuracy 


THERMAL DILUTION CARDIAC OUTPUT 
COMPUTER TD-75 


j Vi (Tg — Ti) (1.08) (k) (60) 
, m ; | | f *Tg (t) (dt) 
[] Accurate Cardiac Output — Uses Stewart Hamilton 


Exponential Method, not a fudge factor 


C Know When to Believe the Computer — 
Automatic fault indication and curve validation 
O Use Consistent Technique — Auto Injector 
is standard 


A O Accurate While Easy To Use — Designed 
to use Room Temp Injectate 


CAVITRON CARDIOPULMONARY DIVISION 


E 270 East Palais Road, Anaheim, CA 92805 
/ 714/776-1811 - 800/854-3894 
































ranscutaneous Doppler Method of Measuring Cardiac Output— Il. Noninvasive Measurement by 
ranscutaneous Doppler Aortic Blood Velocity Integration and M Mode Echocardiography 
. JOHN R. DARSEE, PAUL F. WALTER and DONALD O. NUTTER 








Noninvasive measurement of cardiac output by transcutaneous Doppler aortic blood velocity integration and M 
mode echocardiography is useful and practical for measuring changes in cardiac output in patients with acute 
myocardial infarction. Results are poorer at heart rates exceeding 150 beats/min. Advantages of the Doppler 
method over catheterization techniques for the repeated measurement of cardiac output include the use of a sin- 
gle unit on multiple patients, none of the risks of indwelling catheters, no necessity for blood samples or expan- 
sion of the intravascular volume, greater safety, and availability for use by nurses and technicians. 





proved Diagnostic Accuracy of Thallium-201 Stress Test Using Multiple Observers and Criteria 

rived From Interobserver Analysis of Variance o. 3 
ROBERT D. OKADA, CHARLES A. BOUCHER, HOWARD K. KIRSHENBAUM, FRED G. KUSHNER, _ 2 

H. WILLIAM STRAUSS, PETER C. BLOCK, KENNETH A. McKUSICK and GERALD M. POHOST : 





... These results demonstrate considerable interobserver variance in the overall interpretation of the thallium stress 
^. test. Use of the standard criteria and four observers produced complete agreement on the overall diagnosis in 
-. ^ 58 percent, partial agreement in 26 percent and complete disagreement in 16 percent of cases. Use of the in- 
_terobserver variance analysis criteria increased complete agreement to 70 percent and reduced partial agree- 
ment and complete disagreement to 22 and 8 percent, respectively. Interpretation by multiple observers in- 

. creases the diagnostic accuracy of the thallium stress test. Averaging of the multiple observer scores and inter- 


pretation of the averaged scores using the average criteria appears more useful than interpretation by simple 
consensus. : : 


: . Echocardiographic Features of Atrioventricular and Ventriculoatrial Conduction E ` 


|... MASAHITO NAITO, LEONARD S. DREIFUS, T. JOSEPH MARDELLI, CHIN C. CHEN, DANIEL DAVID. 
ERIC L. MICHELSON, VAL MARCY and JOEL MORGANROTH 





|... Simultaneous hemodynamic and M mode and two dimensional echocardiographic correlates of changes in car- 
|... diac performance resulting from changes in atrioventricular (A-V) conduction patterns. By scanning the A-V in- 
| terval from + 100 to —100 ms in the presence of A-V and V-A sequential packing, these investigators observed 
_ progressive decreases in systolic blood pressure, Cardiac output and left ventricular size together with increases 

in left atrial sizes. The findings suggest that echocardiography can provide insight into the mechanisms responsi- 
ble for the hemodynamic disorders that result from various patterns of A-V conduction or that occur during su- 
praventricular arrhythmias: pu a E 
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g-Term Evaluation (12 to 22 Years) of Open Heart Surgery for Tetralogy of Fallot 


VALENTIN FUSTER, DWIGHT C. McGOON, MARGARET A. KENNEDY, DONALD G. RITTER and 00 
.. JOHN W. KIRKLIN ee . RU —— ve eT | x UN 











= 9y of Fallot shows an excellent late clinical result in 87 percent. A less than excellent result in the remaining 13 
- percent was caused by late mortality in 7 percent, need for reoperation in 4 percent and the development of 
symptoms in 2 percent. Most late deaths and complications appeared within 2 years of operation, and accelerat- 
ing deterioration in late results did not occur as the follow-up period extended beyond 2 years. Late mortality and 
reoperation were the two major reasons for the decrease in excellent results during the first 2 postoperative 
. years. Right ventricular outflow abnormalities were the cause of death in seven patients (1.5 percent). Fourteen w 
.. Ofthe 19 patients,required reoperation because of a residual or recurrent ventricular septal defect. \ 


~ This 12 to 22 year long-term evaluation of 396 hospital survivors of 475 patients who underwent repair of tetralo- eos 









_ continued on page A30. ^. 





















BRIEF SUMMARY 
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Even among patients with DBP in the low 
systematic therapy significantly cem 
reduced mortality: E 


m Of nearly 11,000 hypertensives identified by the Hypertension. 
Detection and Follow-up Program, slightly more than 70% had 
mild hypertension (DBP 90-104 mm. Hg).’ x 
m Half were given systematic and aggressive care in HDFP cen- 
ters; half were referred to customary sources of medical care. - 


m After 5 years, HDFP found that effective treatment of mild” 
hypertension may reduce premature deaths by 20%." 


m As part of HDFP's systematic treatment and follow-up pro- ~> 
gram, the primary step-1 agent was chlorthalidone: Hygroton®* 


The primary agent used by the HDFP | 
in an effective low dose 





(chiorthalidone USP) 


Because there's nothing mild 
about mild hypertension 


related drugs may decrease arterial responsiveness to norepinephrine. If progressive renal impairment becomes 


Indications: Hypertension, adjunctive therapy in edema Contraindications: Anuria, hypersensitivity t0 
chlorthalidone or other sulfonamide-derived drugs. Warnings: Should be used with caution in severe rena 
disease, impaired hepatic function or progressive liver disease May add to or potentiate the action of other 
antihypertensive drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma 
There is a possibility of exacerbation or activation of systemic lupus erythematosus with thiazides, which are 
related to chiorthalidone. This has not been reported with chlorthalidone Thiazides cross the placental barrier and 
appear in cord blood. Use in pregnant women requires that the anticipated benefits of the drug be weighed against 
possible hazards to the fetus. These hazards include fetal or neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placental Darrier 
and appear in breast milk. If use of the drug is essential, the patient should stop nursing 

Precautions: Periodic determination of serum electrolytes to detect possible electrolyte imbalance should be 
performed at appropriate intervals. All patients receiving chlorthaliaone should be observed for clinical signs 
fluid or electrolyte imbalance; namely, hyponatremia, hypochloremic alkalosis and hypokalemia. Serum and urine 
electrolyte determinations are particularly important when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop 
with chlorthalidone as with any other potent diuretic, especially with brisk diuresis, when severe cirrhosis IS 
present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electrolyte intake 
will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially 
with reference to myocardial activity. Any chloride deficit is generally mild and usually does not require specii 
treatment except under extraordinary circumstances (as in liver disease or renal disease). Dilutional hyponalremia 
Aer gas in edematous patients in hot weather. Hyperuricemia may occur OF gout be precipitated in certai 
patients. Insulin requirements in diabetic patients may be increased decreased, or unchanged and latent diabete 
mellitus may become manifest. Chlorthalidone and related drugs may increase the responsiveness to tubocurarint 
The antihypertensive effects of the drug may be enhanced in the postsympathectomy patient. Chlorthalidone and 


Y 


evident. as indicated by @ rising nonprotein nitrogen or blood urea nitrogen, à careful reappraisal of therapy iS 
necessary with consideration given to withholding or discontinuing diuretic therapy. Chlorthalidone and related 
drugs may decrease serum PBI levels without Signs of thyroid disturbance. Adverse Reactions: Anorexia, gastric 
irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, xanthopsia; leukopenia, agranulocytosis, 
thrombocytopenia, aplastic anemia; purpura, photosensitivity, rash. urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypotension may occur and may 
be aggravated by alcohol, barbiturates or narcotics Other adverse reactions include hyperglycemia, glycosuria, 
hyperuricemia, muscle spasm, weakness, restlessness, impotence. Whenever adverse reactions are moderate of 
severe, chiorthalidone dosage should be reduced or therapy withdrawn 

Usual Dose: One tablet daily. How Supplied: Tablets — 100 mg. (white, scored), 50 mg. (aqua) in bottles of 100, 
1000 and 5000: 25 mg. (peach) in bottles of 100 and 1000; unit-dose blister packs, boxes of 100 (10 x 10 strips). 


References: 
1. Five-year Findings of the Hypertension Detection and Follow-up Program: 1. Reduction in Mortality of Persons 


With High Blood Pressure, Including Mild Hypertension, JAMA 242: 2562, Dec. 7, 1979. 2. Payne, G.H 


Presentation of HOFP findings (Nov. 27, 1979), data on file, USV Laboratories 
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With its complete 
line of Pacing Leads, 
Accessories and, now 


PACEMAKERS 
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Daig Corporation...the world leader in pacing lead 
products, now brings a new name to Medcor, Inc. — 
DAIG/MEDCOR. Separately, both companies have 
enjoyed the prestige within the medical industry as 
manufacturers of reliable, well-engineered products 
of the highest quality. 


Together, DAIG/MEDCOR supports this reputation 
by renewing its commitment to provide leadership 
and uphold its history as an industry innovator in 
pacing technology. 


And...DAIG CORPORATION, will continue its com- 
mitment to the development and improvement of 
cardiac pacing leads and accessories for the world 
pacemaker market. 


Daig/Medcor Lithicron II 400 Series Demang 
Pulse Generators. Our proven circuitry anc 
reliable lithium power source are backed by eigh 
years of clinical history, resulting in a thin, light 
weight, and long-lasting pacemaker. In both uni 
polar and bipolar configurations, this Lithicron.l 
Series includes our new Collet Connector designeq 
to improve lead holding power while elimin^tind 
the possibility of terminal pin distortion. 


Lithicron 500 Series Programmable Pulse 

Generators. Affords total pacing versatilit | 

easy-to-program format. Real-time tele 
electronically coded programming, and stdt€-o 
the-art hybrid circuitry provide a simple, safe 
and reliable pacing system. 


ALL DAIG/MEDCOR Pulse Generators are back 
ed by a Lifetime Replacement Credit Agreement 


Daig/Medcor Transtelephonic Follow-Up 
Receiver and Transmitters. Provides a fast, ac- 
curate evaluation of your patient’s condition any- 
where in the world. 


Daig/Medcor Pacemaker Programmer. A light- 
weight, easy-to-use unit displaying real-time 
telemetry reading of pacer rate, pulse width, and in- 
stant confirmation that the pacer has responded to 
commands. 





answer's. 


DAIG CORPORATION'S full line of permanent and 
temporary pacing leads and accessories has proven 
Superior in clinical tests and is compatible with the 
majority of today’s unipolar and bipolar pulse 
cenerators. 


An Innovative 
Change of Pace 


ds: l^ 
> 


5100 Thimsen Avenue 
Minnetonka, Minnesota 55343 


DAIG 
CORPORATION 


For more information about 
our products, write or call 
either Company’s Marketing 
Department. Call toll-free 
800-328-3650 or 
612-474-0961. 

TWX 910-576-1780 


Endocardial Screw-In-Lead. Screwed into the 
right ventricle, or atrium, offering a much wider 
choice of location sites than other leads. 


Tined and Wedge-Tip Endocardial Leads. Pro- 
vides secure ventricular pacing lead placement. 
The platinum/iridium ring-tip electrode ensures 
low pacing thresholds and pacemaker longevity. 


Myocardial Sutureless Leads. Our newly improved 
Cam-Loc'" Introducer maximizes patient safety 
and ease of handling. 


Temporary Pacing Leads. With a unique fixed 
bifurcation and cannula storage system ensuring 
reliability and efficiency. 


Littleford/Spector Introducer. For rapid introduc- 
tion of a wide variety of pacing leads and catheters. 


DAIG CORPORATION and DAIG/MEDCOR are 
two companies working together to provide an 
innovative change of pace. 



















` Cardiac Malformations in the Velocardiofacial Syndrome | 
DENNISON YOUNG, ROBERT J. SHPRINTZEN and ROSALIE B. GOLDBERG 


The findings of velopharyngeal insufficiency, a submucous or overt cleft of the secondary palate, similar facies, 
learning disabilities and congenital cardiovascular anomalies whose occurrence as single or combined lesions 
exceeds the expected incidence in children with congenital heart disease constitute the newly designated velo- 
, cardiofacial syndrome. Observations in 23 patients with this syndrome and their families indicate an unusual 
conformity of cardiac involvement and suggest the possibility of autosomal dominant or X chromosome-linked 
dominant transmission in some. Etiologic heterogeneity cannot be ruled out and the possible teratogenic effects 


of progestional agents given during the early first trimester of pregnancy or of exposure to anesthetic gases dur- 
ing pregnancy are possible but unproved. 


EPIDEMIOLOGY 


9 - Prevalence of Coronary Heart Disease in the Framingham Offspring Study: Role of Lipoprotein 
. Cholesterols | 7 


PETER W. WILSON, ROBERT J. GARRISON, WILLIAM P. CASTELLI, MANNING FEINLEIB, 
PATRICIA M. MCNAMARA and WILLIAM B. KANNEL 


; An 43 of the 1,312 men aged 35 to 54 years in the Framingham Offspring Study with clinically recognized coro- 
nary heart disease at the initial examination the prevalence of coronary heart disease was strongly associated 
with age, smoking, high density lipoprotein (HDL), low density lipoprotein (LDL) and total cholesterol using univar- 
iate analyses. After multivariate analysis of the data, age, smoking, HDL and LDL cholesterol retained their sig- 
nificant association with coronary heart disease. Both HDL and LDL cholesterol are strongly and independently 
associated with the prevalence of coronary heart disease; the level of very low density lipoprotein cholesterol 
makes no statistically significant independent contribution. The total cholesterol/HDL ratio offers the clinician 
a useful index to associate lipid values with coronary disease. 


. REPORTS ON THERAPY 


: . Vagal Techniques for Termination of Paroxysmal Supraventricular Tachycardia 


MENASHE B. WAXMAN, ROBERT W. WALD, ARJUN D. SHARMA. FELIX HUERTA and 
DOUGLAS A. CAMERON | : 







Refractory Period of the Accessory Pathway 


HEIN J. J. WELLENS, FRITS W. BAR, WILLEM R. M. DASSEN, PEDRO BRUGADA, 
EDGARD J. VANAGT and JERÓNIMO FARRE a 


Effect of Drugs in the Wolff-Parkinson-White Syndrome. Importance of Initial Length of Effective 


These electrophysiologic observations in 59 patients with the Wolff-Parkinson-White syndrome indicate the im- » 
portance of the initial value of the effective refractory period of the accessory pathway in determining the effect 


. Continued on page A37 
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graph) tracing of the left ventricle OR post- 
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CIA. normal systolic mward motion 

B B. midsystolic bulging. 

[1 C. holosystolic outward mot ion 

C.D. other. | 

<I FigureZ isa two minute post-stress CK c 
ww Cardiokymograph ) tracing of the left ven- 

-tricle (V3 position), on the same palieni, 
demonstrating: — 5 

CLA nonnalsystolic inward motion 

EER: midsystolic bulging - 

t C. holosystolic outward motion 

H D other 


dil. Figure 3isa thirty minute post-stress rést: 

-ing CKG (Cardiokymograph) tracing: of the 
-left ventricle (V3 position), on the same. 
patient, demonstrating: | 
CA normal systolic inward motion 
C) B. midsystolic bulging» 

Euro holosystolic outward motion 
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Dobutrex: 


Dobutamine HCI 


For Short-Term 
Inotropic Support in Patients with 
Low-Output Cardiac Failure 


See following page for summary 
of prescribing information 


















Consult the KEEA literature for prescrib- 
ng ir information. 


ndications and Usage: Dobutrex® (do- 
i butamine- hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
_otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 
5t ccn patients who have atrial fibrillation with 
(s rapid ventricular response, a digitalis prep- 
aration. should be used prior to instituting 
oe therapy: with Dobutrex, 
p Contraindication: Dobutrex is contraindi- 


|. cated in patients with idiopathic hyper- 
(v trophic subaortic stenosis. 


due ‘Warnings: 4, increase in Heart Rote or Blood 


oe Pressure—Dobutrex may cause a marked 
^ Increase in heart rate or blood pressure, 
x especially systolic. pressure. Approximately 10 
| pefcent of patients in clinical studies have 
-had rate increases of 30 beats/minute or 
: more, and dbout 7.5 percent have had a 
,50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
" dobutamine facilitates atrioventricular con- 
«duction, patients with atrial fibrillation are at 
v fisk of developing rapid ventricular response. 
ER . Patients. with preexisting hypertension ap- 
pear 4o face an increased tisk of developing 
|; an exaggerated pressor response. 
A Ectopic Activity —Dobutrex may precipi- 
UID fate or exacerbate ventricular ectopic ac- 
cU vfivity, but it rarely has caused ventricular 
ed tenenan | 
D LT sions: 4. During the administration of 
ae 'Dobuhk, as with any adrenergic agent, ECG 
e and blood pressure should be continuously 
. «monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
sate and effective infusion of Dobutrex. 
/ 2 Hypovolemia should be corrected with 
-suitable volume expanders before treatment 
- with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient hos recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. © 
oA, No improvement may be observed in 
the presence of: marked mechanical 
obstruction, such - as 3 e valvular aortic 
- stenosis. 0j eS 
. Usage Following: Ac ule. Myocardial 
. infarction — Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 
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| drug for this use. ; There is concern that any 


agent which increases contractile force and 
heart rate may increase the size of an infárc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. — 


Usage in Pregnancy Reproduction 
studies performed in: rats and rabbits hove 
revealed no evidence of impaired. fertility 
harm to the fetus, or teratogenic effects due 
to dobutamine, However, the drug has not 


“been administered to pregnant women and 


should be used only when the expecied 
benefits clearly outweigh the potential fs 
to the fetus. 


Pediatric Use-—The safety and effective: 
ness of Dobutrex® (dobutamine hydro- 
chioride, Lilly) for use in children have not 
been studied. : 


Drug interactions —There was no gvi- 
dence of drug interactions in clinical studies 
in which Dobuttex wos administered concur 
rently with. other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concemitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower puimoriüry 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: increased Heart Rate. 
Blood Pressure, and Ventricular Ectopic 
Activity —A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic Gnd 
pressor effects) Approximately 5 percen? of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related, . i: 
Miscellaneous ‘Uncommon Effects 
following adverse effects have bee 
ported in 1 to 3 percent of patients: na 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

Longer Term : Safety —Infusions of up i 572 
hours have revedled no adverse effects 
other than those seen with shorter infusions. 


Overdosage: in case of overdosage. as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the tate 
of administration or temporarily discontinue 
Dobutrex until the patient's condition 
stabilizes. Because the duration of actión of 
Dobutrex is short, usually no additional: te- 
medial measures Gre necessary. A 
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Administration and Dosage:. Reconstitution ee 
and Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate injection. - 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection. - 
To reconstitute; add 10 mi of diluent to Vial. 
No. 7054, Dobutrex, 250 mg. if the material is. 
not completely dissolved, add àn additional: 
40 mi of diluent. The reconstituted solution: 
may be stored under refrigeration for 48 
hours of at room temperature for six hours... 

Reconstituted Dobutrex must be further di 
luted to at least 50 mi prior to administration. 
in 5% Dextrose injection, 0.9% Sodium. 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. | 

Solutions containing Dobutrex may exhibit E 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of | 
the drug. but there is no significant loss of 
potency during the reconstituted time. 
periods stated above. 

Recommended Dosage —The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250,500, and 1000 meg/m! 
Dru T Delivery infusion Delivery Rate 


Rate 250 mcg/mi* 500 meg/mit 1000 meg/mit 
(mcg/kg/min) (ml/kg/min)  (mi/kg/min) (ml/kg/min) 


2.5 0.01 0.005 0.0025 — 
5 0.02 0.01 0.005 
7.8 0.03 0.015 0.0075 . 
10 0.04 0.02 0.01 


12.5 0.05 0.025 0.0125 


*250 P^ per liter of P 
+506 mg per liter or 250 mg per 500 mi of diluent . 
41000 mg per titer or 250 mg per 250 mi of diluent E 
The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determined. 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or. 
pulmonary wedge pressure and cardiac 
output. . 
Concentrations up to 5000 mcg/mi have: 
been administered to humans (250 mg/50. 
mi}. The final volume administered should be: 
determined by the fluid requirements of the: 
patient. 1081678} 
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Additional information available to: 
the profession on request 

Ell Lilly and Compan 
indianapolis, indiana 
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bbokinase is not a foreign ian 
Abbokinase is non-antigenic 


nduced antibody formation is ; not 
.. seenin intradermal tests — 


vom Since p patient is not ésnaitized by y Abbokinase, 


Uu therapy can be repeated whenever necesan 









C * Urokinase neutralizing antibodies are not - 
| formed. so resistance is not a factor 1 
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. ABBOKINASE (urokinase for injection) should only be used by physicians with wide experience in the 
< management of thrombotic disease in hospitais where the recommended clinical and laboratery 
m" {see WARNINGS, PRECAUTIONS and DOSAGE AND ADMINISTRATION) can be per- 
. formed. 

> When considering treatment with urokinase, the physician sheuld carefully assess the overall 
. Clinical status and history of the patient. The hemostatic capability of the patient is more profoundly 
- altered and bleeding more frequent with urokinase therapy than with heparin or oral coumarin anti- 
< coagulant therapy, When bleeding occurs it is also more severe and more difficult tg manage. The po- 
-tential risk of serious hemorrhage relative to such factors as age, physical condition, and underlying 
bleeding tendency of the patient (as described under WARNINGS and PRECAUTIONS) should be 

weighed against the potential benefits of treating the patient with urokinase. 


INDICATIONS 
Pulmonary Embolism 


ABBOKINASE (urokinase for injection) is indicated in adults: 
for the lysis of acute massive pulmonary emboli, defined as obstruction of significant filling 
defects involving two or more tobar pulmonary arteries or an equivalent amount of emboli in 
- other vessels. * 
for the lysis of pulmonary emboli accompanied by unstable hemodynamics, ie., failure to main- 
tain blood pressure without supportive measures. 
The diagnosis should be confirmed by objective means. preferably pulmonary arteriography. 
<.. Urokinase treatment should be instituted as soon as possible after onset of pulmonary embo- 
lism, and no later than five days after onset. Under these circumstances, angiographic and 
hemodynamic measurements demonstrate a more rapid improvement during the first 24 hours ot 
“therapy than with heparin therapy (Table I).^? However, it has nol been established that treatment 
with urokinase decreases morbidity or mortality. when compared to heparin therapy alone. 


TABLE | 
UPET” USPET ** 


eiu ENNE E EI EEES AAS E 
12-Hour 12-Hour 24-Hout 


Heparin Urokinase Urokinase Urokinase 
Change in angiographic 0.54 1.78 1.66 1.76 
Severity score based 
on. 4-point system 
Decrease in relative 8.3 24.1 20 29.2 
percentage perfusion 
defect on lung scans 
Change in pulmonary -—1.1 —5.2 ~7.28 -53 
artery pressure 
imm Hg) 
Change in cardiac 0.05 +0.02 -+0.08 +0.30 


index {minimi} 


*Urokinase pulmonary embolism triat. 
* *Urokinase-streptokinase pulmonary embolism trial. 


Evaluations were obtained between 18 and 30 hours after the start of therapy. After severai days, 
there were no differences between the results in the heparin treated patients and those receiving 
urokinase. 


CONTRAINDICATIONS — Because thrombolytic therapy increases the risk of bleeding, urokinase 

i$ contraindicated in the following situations: 

1. Surgery within ten days. Liver or kidney biopsy, lumbar puncture, thoracentesis or patacen- 
tesis, extensive or multiple cutdowns should be considered surgical procedures. 

. Intraarterial diagnostic procedure within ten days. 

. Ulcerative wound. 

. Recent trauma with possibility of internal injuries. 

. Visceral or intracranial malignancy. 

. Pregnancy and the first ten days of the post-partum period. 

. Ulcerative colitis, diverticulitis or an actively bleeding lesion (or one with a significant poten- 

tial for bleeding) of the gastrointestinal or genitourinary tract. 

. Severe hypertension. 

. Acute ot chronic hepatic or renal insufficiency. 

. Uncontrolled hypocoagulable state, including one that may be caused by a coagulation factor 
deficiency, thrombocytopenia, spontaneous fibrinolysis, or another purpuric ot hemorrhagic 
disorder. 

f1. Chronic lung disease with cavitation, e.g. tuberculosis. 

12. Subacute bacterial endocarditis or rheumatic valvular disease. 

13. Recent cerebral embolism, thrombosis or hemorrhage. Treatment with urokinase is contraindi- 
. cated for at least two months after cerebral embolism, thrombosis of hemorrhage because pa- 

tients with cerebral infarction remain at risk of bleeding into the infarcted tissue. 

I4, Any other condition in which Dieeding might constitute a significant hazard or be particularly 
difficult to manage because of its location. 

The conditions listed above should not be regarded as absolute contraindications. Rather, the risk 

f hemorrhage myst be weighed carefully against the anticipated benefits of urokinase therapy in 

in individual patient and the benefits and risks associated with the use of urokinase should be 

‘ompared to the benefits and risks associated with other forms of therapy. 


WARNINGS 

3Meeding 

ictivation of the fibrinolytic system with urokinase results in a more profound altera- 
ion of the hemostatic status of the patient than does anticoagulant uerapy with 
'epalin or coumarin agents. The aim of urokinase therapy is the production of sufti- 
ient amounts of plasmin for the lysis of intravascular deposits of fibrin: however, 
ibrin deposits which provide hemostasis, for example, at sites of needie punctures, 
re also destined lor lysis, and bleeding from such sites may occur. The possibility of 
tuising or hematoma formation, especially with intramuscular injections, is high dur- 
1g thrombolytic therapy. Unnecessary handling of the patient should be avoided. 
‘trict attention should be given to this section and the CONTRAINDICATIONS sec- 
on in order to minimize the risk of bleeding. 

Because of the high risk of hematoma formation, intramuscular injections must be avoided dur- 
g urokinase therapy. as with heparin therapy. Bieeding al sites of recent invasive procedures 
ay occur. Hence, arterial invasive procedures must also be avoided before and during treatment 
ith urokinase. Should an arterial puncture be absolutely necessary, the femoral artery must be 
roided and the radial or brachial artery used. it should be done carefully by a physician ex- 
'rienced in such a procedure. Pressure should be applied for at least 15 minutes, a pressure 
essing applied, and the puncture site checked frequently for evidence of bleeding. Also, veni- 
inctures should be performed as carefully and infrequently as possible, If the bleeding from an 
vasive site ig not serious, treatment may be continued with appropriate clinical observation. 
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Local measures, i.e., pressure, should be initiated immediately. 

Spontaneous bleeding from internal sites (not accessible for pressure application) may also oc- 
cur. The risk of spontaneous bleeding is greater in patients with pre-existing hemostatic defects, 
eg., patients with histories suggestive of prior bleeding problems, with or without demonstrable 
abnormalities in platelet count, prothrombin time, partial thromboplastin time, or bleeding time. 
Such patients should be assessed carefully before initiating treatment with urokinase. 

in addition to its fibrinolytic action, plasmin also degrades fibrinogen, Factor V, Factor VIH, and 
other proteins. The products of plasmin degradation of fibrinogen and fibrin (FOP/tdp) possess an 
anticoagulant effect. Bleeding may be difficult to control because of this anticoagulant effect. 

Should serious spontaneous bleeding occur, the infusion of urokinase should be terminated im- 
mediately, and treatment instituted as described under ADVERSE REACTIONS. 


Predisposition to Cerebral Embolism 


Treatment with urokinase of patients with atrial fibrillation or other conditions in which there is 
possible risk of cerebral embolism may be hazardous because of the risk ol bieeding into the in- 
farcted area. 


Use of Anticoagulants 
Concurrent use of anticoagulants with urokinase is not recommended and may be hazardous. 
Before starting urokinase in patients being treated with heparin, the effects af heparin should be 
allowed to diminish with time. As a general rule, a thrombin time of Jess than twice the normale 
conlrol value is adequate for starling urokinase infusions safely. Similarly, heparin should not be 
Started following urokinase therapy until the thrombin time has returned to fess than twice the 
normal control value. 

Rethrombosis has been observed after termination of urokinase treatment. in order to minimize 
this risk, the use of intravenous heparin followed by oral anticoagulant therapy is considered a 
necessary adjunct following urokinase therapy (see DOSAGE AND ADMINISTRATION). 


Use in Pregnancy 
See CONTRAINDICATIONS. 
Use in Children 


Safety and effectiveness of urokinase therapy in children have not been established; therefore, 
treatment of such patients is not recommended. 


PRECAUTIONS 
Drug interactions 


Concurrent use of drugs tha! may alter platelet function, eg., aspirin, indomethacin, and 
phenylbutazone. should be avoided. The interaction of ABBOKINASE (urokinase for injection) with 
other drugs has not been studied. 


Laboratory Monitoring 

In patients who have received heparin, the thrombin time should be measured prior to starting 
urokinase. (See WARNINGS.) Similarly, the thrombin time should be monitored following urokinase 
therapy prior to instituling heparin. (See DOSAGE AND ADMINISTRATION.) During urokinase ad- 
ministration, the levels of fibrinogen, plasminogen, Factor V, and Factor VHI are usually substan- 
tially diminished. Concomitantly, the level of fibrinfogen) degradation products (FOP/fdp) is in- 
creased. The combination of reduced fibrinogen and increased FDP/fdp results in a prolongation of 
the thrombin time. While changes in any of These parameters may serve as confirmation of the ex- 
istence of a lytic state, no adjustment of dosage should be made on the basis of these test results. 


ADVERSE REACTIONS 
Incidence and Management 


Strict observance of the contraindications. warnings, and precautions to the use of urokinase is eÙ 
Sential !o minimize the incidence and severity of adverse effects. 


BLEEDING 
incidence 


Where thrombalytic agents (streptokinase and urokinase) were used in the same controlled clinical 
trial, severe bleeding (patients receiving a transfusion of greater than two units of blood! was seen 
in 4 and 6%, respectively. Several fatalities due to cerebral hemorrhage have occurred during 
urokinase therapy. 

Less severe spontaneous bleeding has been observed during urokinase treatment at approx- 
imately twice the frequency as that occurring during heparin therapy. ozing of blood from sites of 
perculaneous trauma is frequent. hence, ail invasive procedures, especially arterial punctures and 
intramuscular injections must be avoided and intravenous punctures kept to a minimum before 
and during treatment with urokinase. 

A moderate decrease in hematocrit not accompanied by clinically detectable bleeding occurred 
in approximately one oul of five patients treated with urokinase. 


Management of Severe Bleeding 

in case of serious bleeding, urokinase therapy must be discontinued. If blood loss has been large. 
packed red cells are indicated. Plasma volume expanders (other than Dextran) are indicated to 
replace blood volume deficit. If only whole blood is available, it may also be used. Although the use 
of aminocapreic acid (ACA, AMICAR®} in humans as an antidote for urokinase has not been docu- 
mented, it may be considered if the hemorrhage is unresponsive to blood replacement. (See 
WARNINGS.) 


ALLERGIC REACTIONS 


Although urokinase is a protein of human origin, and ín vitro tests with the drug, as well as in- 
tradermal test in humans, gave no evidence of induced antibody formation, the possibility of 
Serious allergic. reactions (including anaphylaxis) occurring with its use cannot be exctuded. 
Relatively mild allergic reactions, eg., bronchospasm and skin rash, were feported rarely. 


FEVER 


Febrile episodes occurred in approximately two to three out of 100 patients. A cause and effect 
relationship has not been established. Symptomatic treatment is usually sufficient to alieviate dis- 
comfort. The use of acetaminophen rather than aspirin is recommended. 


DOSAGE AND ADMINISTRATION 
Dosing 
ABBOKINASE iS INTENDED FOR INTRAVENOUS INFUSION ONLY. 

A priming dose of 2,000 1.U /Ib (4,400 L.U./kg) of ABBOKINASE is given as the Abbokinase-Nor- 
mal Saline admixture over a períod of ten minutes. This is followed by a continuous infusion of 
2,000 i.U./Ib/br (4,400 LU. /kg/nr) of ABBOKINASE (given as tbe Abbokinase-Normal Saline ad- 
mixture) lor 12 hours. The total volume ol fluid administered should not exceed 200 mi, 

Administer ABBOKINASE (urokinase for injection] by means of a constant infusion pump that is 
capabile of delivering a total volume of 195 mi, 


Anticoagulation After Terminating Urokinase Treatment 

At the end of urokinase therapy, treatment with heparin by continuous intravenous infusion is 

recommended. Heparin treatment should not begin until the thrombin time has decreased to fess 

inei twice the normal control value. See manufacturer's prescribing information for proper use of 
eparin. 








of subsequent drug administration on the duration of this period. In the anterograde direction the magnitude of 
' ' increase in the length of the effective refractory period of the accessory pathway after administration of procain- 

_amide, quinidine, ajmaline and amiodarone was related to its initial length. Only modest lengthening of this period 
could be accomplished in patients with an initially short period. Only amiodarone consistently caused moderate 





prolongation of this period. Patients with a short effective refractory period of the accessory pathway (at risk of 


high ventricular rates if atrial fibrillation supervenes and most in need of lengthening of this period) are least like- 


ly to benefit from commercially available drugs. Amiodarone might best protect such patients against life-threat- 
ening ventricular rates when atrial fibrillation supervenes. r " 


; ,970 ^ Pharmacokinetic-Hemodynamic Studies of Nitroglycerin Ointment in Congestive Heart Failure 


PAUL W. ARMSTRONG, JOYCE A. ARMSTRONG and GERALD S. MARKS with the technical 
assistance of JAMES McKINVEN and SUSAN SLAUGHTER 


Cp Documenting the bioavailability of nitroglycerin delivered percutaneously to patients with congestive heart fail- 
.. ure, this study in 14 patients demonstrated a good correlation between the dose of nitroglycerin ointment and ni- 


- troglycerin bioavailability. Nitroglycerin ointment provided therapeutic levels of nitroglycerin associated with. ut 


prompt substantial hemodynamic benefit as demonstrated by decreased pulmonary capillary wedge pressure 
and right atrial pressure 30 minutes after application in selected patients with heart failure. There was a greater — 


decrease in the pulmonary capillary wedge pressure in the small dose group (31 percent) compared with the E. 


large dose group. A subset of patients was identified who had minimal response to nitroglycerin despite plasma 
concentrations of 9 ng/ml. Such lack of response probably represents target organ resistance in peripheral arte- 
rioles and veins, can be anticipated by prior intravenous nitroglycerin infusion and is best detected by hemody- 
namic monitoring. i 


677 Simultaneous Anterograde Fast-Siow Atrioventricular Nodal Pathway Conduction After Procainamide 


JOSEPH ANTHONY C. GOMES, PRITPAL S. KANG, GEORGE KELEN, RAHMAN KHAN 
and NABIL EL-SHERIF 5e 


Electrophysiologic recordings in three patients with paroxysmal ‘supraventricular tachycardia before and after o 
the intravenous infusion of 500 mg of procainamide revealed that this drug altered conduction and refractoriness : 


ofthe anterograde fast and slow pathways so that simultaneous conduction could occur during atrial pacing, pro- —.. 
ducing a double ventricular response and a slow-fast echo or tachycardia, or both. The electrophysiologic data | 


| 685 Sys 





n all three indicated that the region of the atrioventricular (A-V) node was the site of reentry. The differential ef- 
fects of procainamide on anterograde fast and retrograde fast pathways suggest that these are two functional 
A-V nodal fast pathways, one for anterograde and the other for retrograde conduction. The retrograde fast path- 

` way is physiologically and perhaps anatomically distinct from the anterograde fast pathway. The drug response 

..of the retrograde fast pathway resembles that of Purkinje muscle, whereas the response of the anterograde fast — 

-pathway resembles that of the A-V node. : ! 


REVIEWS | : 


temic Arterial Hypertension Associated With Cardiac Surgery 
FAWZY G. ESTAFANOUS and ROBERT C. TARAZI : 


Serious hypertension can occur with any type of cardiac surgery. It has been reported to complicate the course a 
of 30 to 50 percent of patients subjected to coronary bypass surgery. The hypertensions have different causes 
and mechanisms. A classification such as the one proposed in this review, based on well defined clinical events 
such as timing in relation to surgery, allows an acceptable definition of hypertension that permits comparison  . 
of reports from different observers. Careful appraisal of antihype tensive therapy is an essential step in prepara- — 
tion for surgery. The definition of the mechanisms underlying the increase in arterial pressure at different stages _ 
of surgery or in the postoperative period facilitates a rational choice of therapy. Prophylactic, general and specif- 
ic antihypertensive measures to control the 
are outlined. 












‘more common type of ‘hypertension complicating cardiac surgery m. 
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After a diuretic... 


In tune with contemporary 
antihypertensive thinking 


Today antihypertensive therapy has 
gone beyond the empirical addition of one 
drug to another. Today’s clinician looks for 
agents that coordinate their action for 
smoother, more effective control. 

A prime example is increasing use 
of the Apresoline/beta-blocker/diuretic 
regimen in moderate-to-severe hyperten- 
sion. Beta blockers, though effective and 
generally well tolerated, do not lower the 
high peripheral resistance found in 
virtually all long-standing hypertension. 
As a vasodilator, Apresoline deals directly 
with the problem. Ít can decrease total 
peripheral resistance by more than 60%. 

Beta blockers, on the other hand, 
specifically reduce cardiac output, which 
tends to rise through reflex action with 
Apresoline therapy, while diuretics 
counteract the retention of sodium and 
extracellular fluid. 





Harmonizing with the : 
antihypertensive life-style 
The Apresoline/beta-blocker/diuretic 


regimen is relatively free of serious side- 
effect problems that interfere with daily 
living. 

As the only therapeutic action of 
Apresoline is its direct arteriolar vasodi- 
lator effect, it avoids many distressing side 
effects. Sexual dysfunction, drowsiness, 
lethargy, and sedation are virtually 
unknown. Postural hypotension is rare. 
These side effects are usually also avoided 
with a beta blocker. 

Accompanying a fall in blood 
pressure from Apresoline is an increase in 
cardiac rate and output. Apresoline also 
maintains or increases renal and cerebral 
blood flow. As with any antihypertensive 
agent, use with caution in patients with 
advanced renal damage. Contraindicated 
in coronary artery disease. 








the beta blockers 


Please turn page for brief prescribing information. 


CIBA 








Apresoline® hydrochloride ve 
hydralazine hydrochloride USP) — 
INDICATIONS 
=ssential hypertension, alone or as an adjunct. 
CONTRAINDICATIONS 
dypersensitivity to hydralazine: coronary artery 
disease; and mitral valvular rheumatic heart 
jisease. 

NARNINGS | 
dydralazine may produce in a few patients a clini- 
cal picture simulating systemic lupus erythema- 
asus. in such patients hydralazine should be dis- 
;ontinued unless the benefit-to-risk determination 
equires continued antihypertensive therapy with 
ais drug. Symptoms and signs usually regress 
“hen the drug is discontinued but residua have 
een detected many years later. Long-term treal- 
yenit with steroids may be necessary. 

:omplete blood counts, L.E. cell preparations, and 
ntinuclear antibody titer determinations are indi- 
ated before and periodically during prolonged 
lerapy. with hydralazine even though the patient is 
symptomatic. These studies are also indicated if 
ie patient develops arthralgia, fever, chest pain, 
ontinued malaise or other unexplained signs or 
ymptoms. 

positive antinuclear antibody titer and/or positive 
E. cell reaction requires that the physician care- 
lly weigh the implications of the test results 
gainst the benefits to be derived from antihyper- 
insive therapy with hydralazine. 

$e MAO inhibitors with caution in patients receiv- 
ig hydralazine. 

hen other potent parenteral antihypertensive 
rugs, such as diazoxide, are used in combination 
ith hydralazine, patients should be continuously 
J&erved for several hours for any excessive fall in 
00d pressure. Profound hypotensive episodes 
ay occur when diazoxide injection and Apresoline 
ydralazine hydrochloride) are used concomi- 
ntiy. 












Sage in Pregnancy - 
Animal studies indicate th; 


^ 


hydralazine iS. ^ 





- teratogenic in mice, possibly in rabbits, and not in 


rats. Teratogenic effects observed were cleft patate 
and malformations of facial and cranial bores. Al- 
though clinical experience does not include any 
positive evidence of adverse effects on the human 
fetus, hydralazine should not be used during preg- 
nancy unless the expected benefit clearly justifies 
the potential risk to the fetus. - 

PRECAUTIONS 5 

Myocardial stimulation produced by Apresoline can 
cause anginal attacks and ECG changes of 
myocardial ischemia. The drug has been impf- 
cated in the production of myocardial infarction. It 
must, therefore, be used with caution in patients 
with suspected coronary artery disease. 

The “hyperdynamic’” circulation caused by 
Apresoline may accentuate specific cardiovascular 
inadequacies. An example is that Apresoline may 
increase pulmonary artery pressure in patients with 
mitral valvular disease. The drug may reduce the 
pressor responses to epinephrine. Postural 
hypotension may result from Apresoline, but is less 
common than with ganglionic blocking agents. Lise 
with caution in patients with cerebral vascular 
accidents. 

In hypertensive patients with normal kidneys who 
ate treated with Apresoline, there is evidence of 
increased renal blood flow anda maintenance of 
glomerular filtration rate. in some instances im- 
proved renal function has been noted where control 
values were below normal prior to Apresoline ag- 
ministration. However, as with any antihypertensive 
agent, Apresoline should be used with caution in 
patients with advanced renal damage. 

Peripheral neuritis, evidenced Dy paresthesias, 
numbness, and tingling, has been observed. Pub- 
lished evidence suggests an antipyridoxíne effect 
and the addition of pyridoxine to the regimen if 
symptoms develop. 

Blood dyscrasias, consisting of reduction in hemo- 
giobin and red cell count, leukopenia, agranulo- 
cytosis, and purpura, have been reported. if such 
abnormaiities develop, discontinue therapy 
Periodic blood counts are advised during pro- 
longed therapy. 

The Apresoline tablets (10 and 100 mg) contain 
FD&C Yellow No. 5 (tartrazine) which may cause 
allergic-type reactions (including bronchial asthrna) 
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in. susceptible individuals. Although the 
overall incidence of FD&C Yellow No. 5 (tartrazine). 
sensitivity in the general population is low, it is fre- 
quently seen in patients who also have aspirin 
hypersensitivity. 

ADVERSE REACTIONS 

Adverse reactions with Apresoline are uSually re- 
versible when dosage is reduced. However, in 
Some cases it may be necessary to discontinue the 
drug. 

Common: Headache: palpitations: anorexia: 
nausea; vomiting; diarrhea: tachycardia: angina 
pectoris. 

Less frequent: Nasal congestion: flushing; lacrima- 
tion; conjunctivitis; peripheral neuritis, evidenced 
by paresthesias, numbness. and tingling; edema; 
dizziness; tremors: muscle cramps: psychotic reac- 
tions characterized by depression, disorientation, 
or anxiety; hypersensitivity (including rash, ur- 
ticaria, pruritus, fever, chills, arthraigia, eosin- 
ophilia, and, rarely, hepatitis); constipation; 
difficulty in micturition: dyspnea: paralytic deus: 
lymphadenopathy; splenomegaly: blood dys- 
crasias, consisting of reduction in hemoglobin and 
fed cell count, leukopenia, agranulocytosis, and 4 
purpura; hypotension; paradoxical pressor 
response. 

DOSAGE AND ADMINISTRATION 

initiate therapy in gradually increasing dosages: 
adjust according to individual response. Start with 
10 mg 4 times daily for the first 2 to 4 days, increase 
to 25 mg 4 times daily for balance of first week. For 
second and subsequent weeks, increase dosage 
to 50 mg 4 times daily. For maintenance. adiust 
dosage to lowest effective levels. 

The incidence of toxic reactions. particularly the 
L.E. cell syndrome. is high in the group of patients 
receiving large doses of Apresoline. 

In a few resistant patients, up to 300 mg Apresoline 
daily may be required for a significant antihyper- 
tensive effect. In such cases, a lower dosage of 
Apresoline combined with a thiazide, reserpine, or 
both may be considered. However, when combin- 
ing therapy, individual titration is essential to insure 
the lowest possible therapeutic dose of each drug. 


665115 C80-15 (1/80) 
Consuit complete product literature before 
prescribing. 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summut, New Jersey 07901 


Extending the advantages 
of beta-blocker and 
diuretic antihypertensives 
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[his tablet is a 
custom-engineere 


delivery system 
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Engineer's 
Specifications approach Specs Met? 
Minimize contact DESIGN A TABLET TO v 
with G.I. mucosa DISINTEGRATE IO TIMES 


MORE RADIDLY THAN 
THE U.S.P. REQUIREMENT 


Minimize stomach MAKE TABLETS HAVE TA 
irritation ONLY Ya THE AMOUNT OF 

FREE SALICYLIC ACID 

ALLOWED BY U.S.P 


Help prevent EXCLUDE WATER TA 
deterioration EROM MANUFACTURING 
PROCESS TO ASSURE 
GREATER TABLET 
STABILITY 


Consistent high MANUFACTURE EACH VA, 
quality; low BATCH EXCLUSIVELY 

tablet breakage FOR BAYER; SUBJECT 

EACH TO I5 CHEMICAL 

TESTS AND QUALITY 
INSPECTIONS 





! j| cs napi 
m AUS AEN Ged WA 2052 ees Ge 
I a L qe x 
i - ET e eiA can RS 
22 (o6 es io ON E RD 
L^ | Tam c* | 
] 7), 


CUT E TP PIES DA FEN 
GEES PT BOW AS ANA 


& T e © 
auer Aspirin 
in ru 


Glenbrook Laboratories, Division of Sterling Drug Inc., 90 Park Avenue, New York, New York 1001€ 





i t B 
9 2m . «^ ck 
coca LRL 
ra T 
$ 


Pa EIOTRONIK - 
= x M ade in Germany d 


E: 


be. Z7. rts x M" i | 
EIE er THAT P IE UE YER. 
zh! cu deum ae ee 


NOMOS 
Hate 

Pulse Duration 
Amplitude 
Sensitivity 
Hysteresis 


PROGRAMMER/MONITOR 
Programming 
Interrogation 


ecause conditions change 


JE ONIENOINIIEK 


pacers in a class of their own 


ateta Ee © ES REM TW dà C> 














je 


VONT W. AKINS, GERALD M. POHOST, ROMAN Ww. DeSANCTIS. and PETER é. BLOCK 


ctio of Angina-Free F atient With S Severe. Left Ventricular Dysfunction te for: Myocardial 
sularizatic : 









a lum 20 1 myocardi 20 ing proved: useful in two: angina-free patients with severe congestive heart 


S 2 - failure to identify. clinically silent areas of ischemic myocardium and to distinguish between scar and reversibly 
s. ischemic myocardium as a cause for akinesia of left ventricular wall segments. Myocardial revascularization im- 
— v. proved the patients" clinical state and findings i in the postoperative. nuclear scans. Because the sensitivity of an- 


ES : a “gina as a clinical marker of. severe coronary artery disease is probably very low, other clinical presentations of 
—.. coronary artery disease, such as functional mitral insufficiency, atrial and ventricular arrhythmias, congestive 


- heart failure and atypical pain and dyspnea, mont be clinically grouped as ischemic equivalents of coronary ar- 
-tery disease. | 


| | SPECIAL DEPARTMENTS 
EI Letters to the Editor 


. 718 América College of Cardiology News 





CORRECTION 
. The dose of quinidine was incorrectly given on page’ 1196 of the duse! issue of the 
Journal (Doherty JE, Straub KD, Murphy ML, de Soyza N, Bissett JK, Kane dJ. Di- | 
goxin-quinidine interaction. Changes in canine tissue concentration from steady — 


state with quinidine. Am J Cardiol 1980;45: 1196-200}. On line 7, page 1196 of the : 
Methods section, the dose ol quinidine should be 80 (hot 8) mg. | 
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INTRODUCING STATUS 1000 


WITH AN IMAGINATION 
TO MATCH YOUR OWN 


Status 1000, The ECG Monitor 
That Gives You Programmable 
Control Over Every Aspect Of 
The Stress Test. 

Quintons Status 1000 is the first 
ECG stress test system that lets you 
use your imagination to modify or 
reprogram at will the various ele- 
ments of a stress test. 

Not just treadmill protocol, 
but lead selection, ST sample point, 
recorder speed, patient name, final 
report content and length, blood 
pressure prompting, etc. Everything 
Is in your control like it should be. 

Use your professional 
imagination to create and program 
customized test procedures for 
pediatric, research, post- M.l., 
rehab., or out-patient situations. 

Each physician in ycur institu- 
tion can have their own preferred 
test procedure stored in memory. 

With the Status 1000 you and 
your colleagues can customize test 
procedures based on the require- 
ments of the patient, not the restric- 
tions ofthe ECG system. 

How The Sophisticated Status 
1000 Makes Test Flexibility So 
Complete And Easy 

With The Status 1000, Quinton 
introduces a new term, the "Stress 
Test Environment”. It consists of 16 
test elements. Each element, such 


ECS PREAMPLIFIER-APPLIF IER 
CHOICES CURRENTLY 


SIGNAL SELECTION 
LEAD SELECTION KEY 


Xi Ee pa 


5) ST SAMPLE 
8 TO 100 MS FROM 
Ke à 


= | t | 
18 TO 100 MS FROM SI 


MODIFY? PRESS ITEMe 
YEN) 4 RETURN? PRESS ENTER 


as exercise lead set, or final report 
content, has parameters which 
you can establish or modify to suit 
your needs. 





Yet, programming the Status 
1000 is as easy as operating a pocket 
calculator, so special training is 
not required. 


Comprehensive Data, 
Professionally Presented 

In a single glance you see thrge 
channels of diagnostic quality ECG, 
averaged beats (both resting and 
current), heartrate, computed 
parameters, trend displays, 
stage number, stage time and 
elapsed time. 

Plus, any abnormal beat will be 
instantly highlighted on the screen, 
then recorded and labeled 
automatically. 

Your control extends to test 
reports, too. Printouts during the 
test may include averaged beats, 
rhythm strips, or full |2-leads. Final 
reports may include a wide variety 
of information. And each report is 
automatically labeled with pertinent 
data. Good bye work sheet, 





Stay Ahead With The 
Status 1000 


Because of the Status 1000's 
unparalleled flexibility and micro- 
processor technology its susceptibil- 
ity to obsolescence is far less than 
other systems. And that makes it a 
good investment for you and your 
institution. Call Quinton toll free at 
|-800-426-0538. 


Quinton 


instrument co. 





The Stress Test People 


2121 Terry Avenue 
Seattle, Washington 98121 
206/223-7373 Telex 328840 
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Datascope introduce 
. the PERCOR ballooi 
for percutaneous 
insertion. 


lliac artery 
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Inguinal ring 


For all of its benefits, intra-aortic balloo 
pumping has had one ever-present shortco 
ing. The balloon had to be inserted and 
removed surgically. 
Femoral The Datascope*PERCOR balloon* puts an 
artery | end to all that. 
This remarkably innovative device is easily 
and quickly inserted through the skin, using t 
Seldinger catheterization technique. | 
The surgical insertion that used to take 20 to 
minutes is now completed without surgery in 
approximately 5 minutes. Further, removal is accon 
plished in minutes without surgery as well. 

With this new technique, it is apparent that intra-aortic ballo 
pumping, when indicated, will be used by more medical specialis 
in a wider variety of clinical settings for the benefit of increasing 

m UD z numbers of patients. In the oper: 
^ oe ng room, the catheterization lab. 
CCU and emergency room. By t| 
surgeon, the radiologist, the | 
cardiologist. m 

We would be pleased to send 
you more information about our 
revolutionary device and to 
schedule a filmed demonstration 
of its use. Call Robert Rewolinski 
Manager, Cardiac Assist 
Products, at 201-265-8800 
or write him at Datascope Corp., 
| y  — —- o- A^WN9 «— Dept. #5-S, 580 Winters Avenue, 
PERCOR™ balloon PERCOR™ inflated. Paramus, NJ 07652. 
ready for insertion. — : 


The Datascope PERCOR" intra-aortic balloor 
Ihe Datascope PERCOR!" intra-aortic balloor 
Clinical reference: Preliminary Clinical Experience With Percutaneous intra-Aortic Balloon Pumping (IABP), V. A. Subramanian, Jonathan Goldstein, 


Thomas A. Sos, John C. McCabe, Eddie Hoover & William A. Gay, Jr., New York Hospital, New York, NY. Abstract published in CIRCULATION, PArt ii, 
» 60, No. 4, October 1979, PP 11-103: "US. and foreign patents pending. Bio. g kais ua a ei a T cS 
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PS we have. looked. forward, each year. to 
f the Annual Meeting of The American 
/ Heart Association, because it is at these 

/ prestigious gatherings that we have had 
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| s "oppor to show our appreciation for the 





v... support the Medical Community has shown to our 
"company and our products. We have done this by 


hosting entertainment receptions, especially 
4. designed for convention attendees. Perhaps you 
have been our guest. 


The reaction we've had has always been favor- 


able, so it came as quite a surprise when we 
received a notice from the AHA this year that (it) 


- “has ruled that industry veer mass entertain- 


ment activities are prohibited.. ' during the 


convention dates. 
Ruled? The AHA has ruled that we, ana other 


companies, cannot host functions for our friends 





in the olesan? Well, you can imagine how * 
startled we were to hear that! — — 
Jp us to. understand such a "ruling? Is T 
reflective of your views? Take a moment now to 
fill out the simple questionnaire below and send it. 
back to us, so that we can know of your r feelings - 
on the subject. — 
We wish to play by the rules, of course. But what vs 
should we do when such "rules" infringe upon the © 
rights of a company to say "thank yov" to the people | 
we've been priviliged to work with over the year? ^ 
Weel] like to know what you think. 









PACESETTER SYSTEMS, INC. d 





| Alfred E. vam 
Chairman of the Board | 


(Cut or tear on here: fold and mail. Postage | is pre-paid. 
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Vegas/ Casino Night 





ed to this year’s AHA Meeting in Miami Beach? L | 


Do you normally attend company-sponsored functions? | 







Committee speak for you when it decides to "rule" against the right 


Does the American Heart Association Scientific Sessions Program 
of manufacturers to host entertainment functions? - 


If Pacesetter were to host another of its entertainment receptions, 


would you attend? 
Do you recommend that Pacesetter hold a Las 


Party at the AHA meeting in November? 
Would you attend the party if we held it? 


Dear Doctor; ^. - 
Will you be accompanied t 
COMMENTS: 








... On the other side of this sheet is a questionnaire on the subject 
_ of company-sponsored entertainment and/or receptions at Medical 


. conventions. Please take a moment to read it. 


' Eun and let us have your 
. thoughts. A complete tabulation of the results of this survey 
| | will be made available. 


(Cuor tear here. fold over and tape before mailing. 
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. "The Human Cardiovascular System. 
Facts and Concepts | 


Bv: J. E Shepherd and P. M. Vanhoutte | 
textbook is designed for use in medical school courses in | 
ductory cardiology and physiology, as well as for more advanced 
y those beginning specialty training or others wishing a general 
eview of the basic function of the human cardiovascular system. 
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 €&ditor: A Scriabine | 
ach chapter in this-volume has been prepared by pharmacolojists and 
other medical specialists who actively participated in the development 
of antihy pertensive drugs and were in many cases the actual discovers 
panoan developers of the activity of the drug they describe. Por cach 
E antihypertensive drug in current use or advanced development, 
"OC chapters review mechanisms of action, secondary pharmacological 
oo properties, and side effects. 
200472 ppa $37.50 (1980) ISBN 0-89004- 329-9 


EEEE * 
Editors: J. H. Vane and 8. Bergstrom 
This volume reviews in comprehensive fashion our current under- - 
standing of the chemistry, physiology, and pharmacology of prosia- 
cc xyelin and its analogs, and discusses their therapeutic potential, Much 
of the volume focuses on the interaction between the effects of 
prostacyclin and thromboxane Ay. The balance between these wo 
“Gnembers of the prostaglandin family has tremendous significance for 


the state of health or discase within the cardiovascular system. 
472 pp., $43.00 (1979) ISBN 0-89004-330- 2 


_.. The Aging Heart: Its Function and 
M. Response to Stress 

(Aging, Vol. 12) 

‘Editor: M. L. Weisfeldt 

This volume discusses the pathophysiological changes that occur in the 
. human cardiovascular system as a function of age. Sections focus on 
|o ote contractile and elastic properties of cardiac muscle, the heart as a 
- Single organ within the body, the integration of the components af the 
cardiovascular system, and its response to pharmacologic agents. 

-335 pp., $29.50 (1980) ISBN 0 89004-307-8 

Mechanisms of Cardiac 

Morphogenesis and Teratogenesis 
(Perspectives in Cardiovascular 


.. Editor: T. Pexieder 



















. This volume presents a multidisciplinary analysis of the cellular and 

subcellular mechanisms regulating cardiac morphogenesis and terato- 
 genesisin the embryo. The material is organized into three major 
areas: organogenesis of the heart, cellular and subcellular mechanisms, 
cand regulatory aspects. Each section includes findings from both 
human and animal studies, particularly on the rat and chick embryo. 
proximately 525 pp., 251 figures, tentatively $48.00 | 
(October 1980) ISBN 0-89004-460-0 
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1140 Avenue of the Americas, New York, NY. 10036, U.S.A. 


etna nae 


Journal 





I of Cardiovascular 
Pharmacology 






Editors-in-Chief: Leon I. Goldberg and Jan Koch-Weser 


This bimonthly journal aims to bring together new inf ormation about. - 
cardiovasculat drugs from research workers and the clinicians who use | 
these drugs in therapy. Its scope covers all old and new pharmacologic | 
agents that directly or indirectly affect the heart and blood vessels and . 
their contents, The journal publishes original or review articles on the 
creation of such drugs and on their mechanism of action, development - 
and evaluation, therapeutic ef fectiveness, metabolism, side effects, 
and interactions | 

Personal sub 
Institutional 






















! ptions, U.S. $48.00; elsewhere $59.00 
ubscriptions, U.S. $58.00; elsewhere $68.00 


(Atherosclerosis Reviews, Vol. 8) 
Editor: R. E Hegveli 


This volume reviews our current understanding of the role of prosta- 
slindins in the normal functioning of the cardiovascular system, ina cx 
variety of pathologie conditions, and in medical management of these 
conditions. Toples include the role of prostaglandins in the control ato 
hlood pressure, platelet aggregation, and cyclic AMP levels iti heart. 7 
muscle and arterial walls. The potential use of prostaglandins and 

their derivatives as pharmacologic agents is also considered, as well as 

the mechanisms of action of drugs such as antianginal and ante 
hypertensive agents that require the presence of prostaglandins. 
Approximately 200 pp., tentatively $25.00 (October 1980) 

ISBN 0890045 16-X 


Measurement and Control of 

mo | = 
Cardiov yas "lar Risk Factors 
(Atherosclerosis Reviews, Vol. 7) 
Editor: R. 4, Hegveli 
This volume focuses on the control of cardiovascular disease by environ- a 
mental modification, Chapters discuss the epidemiology of coronary 
artery disease, the major predisposing factors, the role of smoking and 
diet in its development, drug treatment of primary hy perlipidemias, 
and the role ef vasospasm and other modulatory factors. This volume 
will be of interest to all those concerned with the development and 
management of coronary artery disease, including specialists in EGER 
cardiology afd internal medicine and clinical researchers in this fiekl. =o 
340 pp., $34.06 (1980) ISBN 0-89004- 396-5 


Nutrition, lipids, and Coronary Heart 
Disease, A Global View 

(Nutrition in Health and Disease, Vol. 1) 
Editors: R; Levy, B. Rifkind, B. Dennis, and N. Ernst 


“4 lucid, well integrated, well documented discussion of the complex o 
relation between diet and coronary-artery disease. Seldom has theo 
topic received such careful scrutiny and balanced, succinct treatment i00 
as in this book." - New England Journal of Medicine E Diu 


“4 most unique source to find out important information about 
diet... . The guthors and editors deserve our praise for a much- 
needed and handy source of reference. This book is a ray of 
sunshine in i dark and dusty area." —]AMA 

576 pp., $48.00 (1979) ISBN 0-89004-181-4 i 
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Although coronary artery disease may not be an inevitable consequen 
- of diabetes mellitus,!-4 patients with diabetes of adult onset appear 
-have more coronary artery disease than do control populations notsi 
-fering from diabetes.9-1? Previous studies have indicated that patient 
-with adult onset diabetes have increased atherosclerosis, *17-!? n 
- cardial infarction!9?92! and morbidity and mortality from cardiovascul 
. disease. 1022-25 Wher seda 
. and retinal tissue in diabetes,!* it is not known whether cardiac in 
< results from la 
- an interstitial 1 
— Recent studi 
- surgical correction 


The relation between the severity and duration of diabetes mellitus and _ 
the severity of ischemic heart disease is uncertain. The clinical findings _ 


and the findings at autopsy were studied in 185 patients with diabetes v 


mellitus of adult onset who ranged in age from 37 to 91 years and had a c 
clinical diagnosis of diabetes established for a few days to 50 years before _ 
death. No statistically significant association was demonstrated either E 
by simple correlation or by multivariate regression analysis between the | 
clinically diagnosed severity or duration of diabetes and either the overall - 
coronary disease, the number of diseased vessels or the number of | 
myocardial infarctions. The presence of other expected correlations in. 
the multivariate analysis suggested that the results of this study were not - 
spurious. However, comparison with 185 age- and sex-matched control v 
patients revealed that on the average, diabetic patients have more overall - 
coronary disease (p <0.002), more diffuseness of coronary disease (p 
«:0.005), more coronary collateralization (p <0.001), more vessels in- 
volved by atherosclerosis (p <0.001) and more myocardial infarcts (p _ 
<0.001). The results suggest that although diabetes mellitus of adult onset - 
is a condition in which the larger coronary arteries are subject to more — 
atherosclerosis than are those in nondiabetic subjects, the progression — 
of the atherosclerotic disease is unrelated to the duration or severity of - 


the diabetes mellitus. 
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versy concerning whether the angiographic findings in 
diabetic patients with vascular disease are different in 
type and severity from those of others so evalu- 
ated.?529.34-41 In addition, most clinical studies have 
understandably examined only those patients seeking 
medical help for symptoms related to vascular disease. 
Therefore, substantial information on asymptomatic 
diabetic patients or those refusing invasive clinical 
techniques is lacking, a point of considerable impor- 
tance when considering the increased incidence of 
painless myocardial infarction among diabetic pa- 
tients.6.42-45 

We reviewed the clinical and pathologic data on 185 
consecutive autopsy patients with diabetes of adult 
onset, and examined their postmortem coronary arte- 
riograms in an effort to see whether correlations existed 
between the clinically determined severity of diabetes 
and the extent of coronary artery disease. We also 
compared the arteriograms of diabetic patients with 
those of age- and sex-matched nondiabetic patients 
coming to autopsy during the same period. Our findings 
indicate that, regardless of the cause of death, diabetic 
patients as a group have more angiographically deter- 
mined coronary disease than a control population 
coming to autopsy. However, neither the clinically 
evaluated degree of diabetes nor its duration was asso- 
ciated with the extent or severity of angiographically 
evident coronary artery disease. 


Methods 


Study patients: One hundred eighty-five patients were 
included in this study. All had a clinically established diag- 
nosis of diabetes mellitus of adult onset, underwent autopsy 
at The Johns Hopkins Hospital between 1968 and 1978 and 
had had a heart study performed with a standard method 
using coronary arteriography and fixation in distension.49 The 
patients ranged in age from 37 to 91 years (average 65); 100 
were men (57 white and 43 black) and 85 were women (35 
white and 50 black). Hearts studied in this manner comprised 
22 percent of patients undergoing autopsy at The Johns 
Hopkins Hospital during this period, and were, in general, 
selected on the basis of expectation of cardiac disease irre- 
spective of the presence of diabetes mellitus. T'he major in- 
terest in performing this procedure was the evaluation of 
ischemic heart disease, so the heart in such patients was 
usually studied and consequently coronary artery disease was 
disproportionately represented in the series of injected hearts. 
. The heart was studied in most adult patients with previous 
cardiac surgery, irrespective of type; in contrast, almost no 
infants or children were included in the series of cases exam- 
ined. ‘ 

Preparation of the heart: Coronary arteries were injected 
at a pressure of 100 to 150 mm Hg with a barium-pigment- 
gelatin mass to which formalin had been added. After injec- 
tion; cannulas were tied into the atria and great vessels, the 
remaining orifices were ligated and the chambers were dis- 
tended with 10 percent formalin through the cannulas at 30 
to 40 mm water pressure while the heart was suspended in a 
container of formalin. After overnight fixation, photographs 
and stereoscopic radiographs were prepared of the fixed dis- 
tended heart and of the transverse sections into which it Was 
sliced. The coronary arteries were transected at 2 to 3 mm 
intervals and compared with the radiographic findings. 
Representative portions of myocardium, including all grossly 


discernible lesions, and portions of the coronary arteries were 
taken for histologic examination. 

Assessment of severity of diabetes: The medical records 
of all patients were reviewed to assess the clinical severity of 
diabetes, including associated cardiovascular, retinal, renal 
and neurologic disease. The age at which diabetes was first 
diagnosed, age at death, race and sex were noted. Juvenile 
diabetic patients (age less than 17 years at the time of diag- 
nosis) were excluded. The duration between the clinical di- 
agnosis of diabetes and death ranged from a few days to 50 
years (average 9.5 years). The severity of diabetes was graded 
as trivial in 47 patients, mild in 81, moderate in 33 and seuere 
in 19. Five patients had insufficient clinical data to categorize 
the severity. 

Values for serum glucose, serum creatinine, serum urea e 
nitrogen, serum cholesterol and hematocrit were recorded. 
Many clinical and autopsy findings were best assessed with 
a subjective grading system. We used a scale of none, slight, 
low moderate, high moderate and severe for each such fea- 
ture, and normalized these grades on a scale of 0 to 100 to 
make the regression coefficients comparable with one another. 
We assessed the severity of diabetes in each patient on the 
basis of objective data and the clinicians’ impressions as stated 
in the medical record: slight for maintenance of normal serum 
glucose levels without therapy or with dietary restrictions only; 
low moderate for therapy with oral hypoglycemic agents 
without manifestations of diabetes-related vascular, retinal, 
renal or neurologic disease; high moderate for oral hypogly- 
cemic therapy with known vascular, retinal, renal or neuro- 
logic disease or use of insulin, or both; and severe for insu- 
lin-dependency with a history of either episodes of acidosis, 
severe retinopathy or peripheral vascular disease. The type 
and duration of therapy, including control by diet, oral hy- 
poglycemic agents or insulin, were recorded: none for no 
therapy, moderate for continuous or sporadic application of 
therapy for less than 2 years and severe for application of 
therapy for 2 or more years. The number of episodes of aci- 
dosis and coma was recorded. 

Retinopathy was graded as slight for general constriction 
of the retinal vessels; low moderate for the presence of retinal 
hemorrhages or microaneurysms, or both; high moderate for 
soft or hard exudates; and severe for retinitis proliferans or 
blindness. Urinalysis performed within 1 month of death was 
graded as none for detectable glucose, protein or ketone bodies 
in the urine; slight for recurrent low grade glycosuria; low 
moderate for recurrent low grade proteinuria (at least 1+ 
protein by standard reagent strip) with or without glycosuria; 
high moderate for recurrent high proteinuria with glycosuria: 
and severe for recurrent proteinuria or glycosuria with de- 
tection of ketones. Renal failure was graded as none for no 
clinically discernible disease; slight for recurrent proteinuria, 
abnormally elevated serum creatinine and abnormally ele- 
vated blood urea nitrogen; low moderate for episodes of renal 
failure; high moderate for chronic renal failure; and severe for 
renal failure requiring dialysis. 

Grading of hypertension and cardiovascular disease: 
Hypertension was graded as absent for normotensive subjects; 
slight for arterial pressure less than 150/95 mm Hg; low 
moderate for arterial pressure greater than 150/95 mm Hg 
with a history of antihypertensive therapy; high moderate for 
arterial pressure greater than 160/110 mm Hg with a history 
of antihypertensive therapy; and severe for arterial pressure 
greater than 200/140 mm Hg. The number of cerebral vascular 
accidents was recorded. 

Peripheral vascular disease in a lower limb was graded as 
slight for trophic skin ulceration, low moderate for inter- 
mittent claudication, high moderate for toe amputation and 
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/. . severe for more proximal amputations or gangrene. Peripheral 
- .. neuropathy was graded to reflect the extent of primarily 
ib 










tion sense and numbness and tingling. Amputations 
raded in terms of the amount of limb lost. | 
ngina, if present, was graded as slight for at least one re- 
rded complaint of chest pain before the final hospital ad- 
ission, moderate for repeated episodes and severe for in- 
pacitation. Congestive heart failure was graded as absent 
patients without failure, slight if well controlled with or 
dication, moderate for recurrent failure requiring 
tion and hospitalization and severe for refractory 
ure. In addition, electrocardiographic abnormalities by 
history were graded as absent for no abnormalities in the final 
t. eor previous hospital admission, moderate for such nonspecific 
changes as ST-T wave changes and severe for at least one 
episode of abnormal readings in a recent admission. The pa- 
`- tient's obesity, number of pack-years of cigarette smoking and 
family history of diabetes were recorded. : , 
Autopsy data: We collected autopsy data including weight 
< > of the heart, liver and kidneys, and the degree of atheroscle- 
-tosis involving the coronary, pulmonary, cerebral and systemic 
circulations. The thickness of the abdominal panniculus was 
"taken as a measure of obesity. Vascular disease was graded as 
none for no intimal disease, mild for an occasional athero- 
= -selerotic plaque, moderate for multiple plaques and severe 
-for atherosclerosis with partial or total arterial occlusions. The 
.  mumber of myocardial infarcts ascertained during postmortem 
-study was recorded. E 
. Grading of coronary artery disease: 'The postmortem 
arteriograms were evaluated for the number of the three major 
vessels (left anterior descending, left circumflex and right 
coronary arteries) with significant (greater than 75 percent) 
-reduction of the luminal area. The overall severity of athero- 
sclerosis demonstrated angiographically, confirmed by serial 
transections at 2 to 3 mm intervals of the epicardial coronary 
arteries, was graded as none for no discernible disease, slight 
v- for small focal irregularities, low moderate for occasional (less 
4. than 75 percent) obstructions at several points or one signif- 
^ icant lesion, high moderate for one vessel occlusion or nu- 















... Variables Examined After Initial Screening 








Clinical Findings 









Age* 
7 Severity of diabetes" 
eu o0 notes Duration of diabetes* 
po t4, . Dietary therapy | 
EM .". . 4 Orat hypoglycemic agent therapy 
` Insulin therapy 
- Episodes of acidosis* 
Episodes of coma’ 
Retinopathy * 
Urinalysis 
Renal failure" 
Hypertension" 
Cerebrovascular accidents " 
. Peripheral vascular disease" 
. Peripheral neuropathy * 
= Amputations* 
Angina" 
Congestive heart failure" 








* Variables used in multivariate regression analysis. 


apairment in limbs, including absent ankle jerks, loss . 
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merous lesions and severe for two or more significant or 
clusive lesions. The grade of diffuseness of atherosclerosis ! 
assessed on the basis of the number and confluence of ath 
omas. Tortuosity of the epicardial coronary arteries?! 1 
graded as slight, when only gentle waviness of the vase 
course was seen, to severe when arteries formed loop: 
hairpin curves in their course. The degree of developme 
coronary arterial collateral connections was assessed on 
basis of their size and tortuosity.4* A diameter (Drp) for 
tic single coronary artery supplying blood to- 
as calculated from measurements of the diamete 
or left and right coronary arteries by the formula: 
Histology: We reviewed representative histologic sections ^ 
of hematoxylin-eosin-stained heart, pancreas and kidney . 
tissue, without knowledge of the clinical history. Interstitial 
vacuolar change in the myocardium and intimal disease of 
intramyocardial coronary arteries were graded. We madean - 
overall assessment of renal glomerular disease as wellas of | 
specific renal disease such as diffuse and nodular intercapil- — 
lary glomerulosclerosis and intrarenal fibroelastosis. Random . 
sections of pancreatic tissue were evaluated for hyalinization 
of the islets, hyperplasia of the islets and interstitial fat. — 
Grading of pathologic variables represented the consensus of _ 
two observers, and was made without knowledge of the clinical . 
features of the patient. | E 
Analysis of data: Correlation coefficients (Pearson’s r) - 












evaluated. 








;Panniculus thickness * 
: Heart weight* | 
-< Overall coronary arterial atherosclerosis" . 
"Number of diseased coronary arteries. 
: Diffuseness of coronary atherosclerosis _ 
Coronary arterial collaterals — Das 
picardial coronary arterial tortuosity“ e 
iameter of theoretical coronary artery + 
Antramyocardial arterial disease" — 
"Vacuolar change of myocardium 
Number of myocardial infarcts” 
- Kidney weight" 
-intrarenal intimal fibroelastosis " 
Overall glomerular disease * 
- Nodular intercapillary glomerulosclerosis 
: Diffuse intercapillary glomerulosclerosis 
i: Liver weight* — . 
_ Hyalinization of pancreatic islets? 
‘Hyperplasia of pancreatic islets" 
‘Pancreatic interstitial fat 
"Generalized atherosclerosis 
: Cerebral atherosclerosis. 

;; Pulmonary atherosclerosis 
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-> Control patients: Age- and sex-matched control nondia- 
_ betic patients whose heart had also been studied at autopsy 
after postmortem coronary arteriography and fixation in 
_ distension were selected. These patients were evaluated as 
- described previously for body and organ weights, pathologi- 
-cally identified myocardial infarcts and the various semi- 
. quantitative estimates made from the postmortem coronary 
 "arteriograms. The data from these patients were compared 
_ with the Student's ¢ test with data from the corresponding 
-- diabetic patients. 


Results 


.. Severity of diabetes versus severity of coronary 
. disease: Among the 54 variables studied in the 185 
. patients with diabetes mellitus of adult onset, several 
. were excluded from further assessment because data 
- were (1) frequently not available (serum creatinine, urea 
. hitrogen and cholesterol, pack-years of smoking and 


TABLE II 
- Simple Correlation Coefficients for all Among 40 Variables 


- That Significantly (p <0.05) Correlated With Overall 
< Coronary Arterial Atherosclerosis 








——M— 








oe | | Degrees 
[m | of 
Variable Pearson'sr Freedom 
- Renal failure —0.22* 181 
; Angina +0.41 183 
‘Number of diseased coronary arteries +0.897 183 
Diffuseness of coronary -0.81! 183 
atherosclerosis 
: Coronary arterial collateral vessels +0.80! 178 
_ Epicardial coronary arterial tortuosity —0.36* 182 
-- Diameter of theoretic coronary artery —0.49! 155 
Vacuolar change of myocardium +0.427 176 
Number of myocardial infarcts -0.641 180 


Generalized atherosclerosis e 0.417 182 


* p <0.Q1; t p «0.001. 
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FIGURE 1. Postmortem coronary 
arteriograms from patients with di- 
abetes mellitus. Left, the heart of a 
48 year old man with a 13 year 
history of diabetes mellitus requiring 
insulin therapy and complicated by 
peripheral neuropathy and retino- 
pathy that had progressed to blind- 
ness. There is virtually no coronary 
arterial atherosclerosis. Right, the 
heart of a 67 year old woman with 
a 7 year history of diabetes mellitus 
treated with oral agents and com- 
plicated by leg amputation, cerebral 
infarcts and ischemic heart disease. 
The coronary atherosclerosis is 
extremely severe with significant 
obstructions or occlusions of sev- 
eral major arteries. 


family history of diabetes), (2) deemed inconclusive 
(hematocrit, electrocardiographic changes, weight and 
height), (3) not further analyzed (race and sex), or (4) 
found redundant after pairwise correlation (obesity 
replaced by panniculus thickness, and age at onset of 
diabetes replaced by duration of disease). The re- 
maining 41 variables (Table I) were examined. Signifi- 
cant correlations with postmortem coronary arterio- 
graphic findings (Fig. 1) are noted in Table II. Despite 
positive correlations between coronary artery disease 
and both clinically determined angina and autopsy- 
documented myocardial infarction, there was no sig- 
nificant association between overall coronary arterial 
atherosclerosis and either the duration or the severity 
of diabetes mellitus. 

Histopathologic change versus clinical diabetes: 
The histopathologic changes in the heart, kidney and 
pancreas (Fig. 2) that had significant correlations with 
clinically determined diabetes are given in Table III. 
Hyalinization of the pancreatic islets was significantly 
correlated with duration of diabetes (p «0.05), whereas 
hyperplasia of the islets correlated with severity of di- 
abetes (p «0.01). Intrarenal intimal fibroelastosis cor- 
related with the severity of diabetes (p <0.01) and the 
duration of disease (p <0.001). Both diffuse and nodular 
intercapillary glomerulosclerosis showed significant 
correlation with the severity of diabetes and duration 
of disease. Intramyocardial arterial disease was corre- 
lated with the duration of diabetes (p <0.05). Vacuolar 
change of myocardium had no correlation with the di- 
abetic state, but did correlate with severity of coronary 
arterial atherosclerosis and ischemic myocardial injury. 
There were no significant correlations between severity 
of diabetes and either systemic, pulmonary or cerebral 


atherosclerosis. When patients were separated into 
three groups-—those receiving no therapy or dietary 
treatment only, those receiving oral hypoglycemic 








= subendocardial vacuolar change of 


X250, reduced by 26 percent.) B, 


FIGURE 2. Histologic sections. A, 
myocardium. (hematoxylin-eosin, 


intrarenal intimal fibroelastosis of 
an artery. (Verhoeff-van Gieson 
elastic stain, X 185, reduced by 26 
percent.) C, a glomerulus showing 
nodular (arrow) and diffuse inter- 
capillary glomeruloscierosis. (pe- 
riodic acid-Schiff, X350, reduced 
by 26 percent.) D, pancreatic islet 
of Langerhans with hyalinization. 
(hematoxylin-eosin, X 185, reduced 
by 26 percent.) 


^gerits, and those receiving insulin—we found no sig- 
nificant differences among the coronary arterial ath- 
erosclerotic variables. 

The results of the 26 starred variables in Table I that 
were entered in the forward multivariate regression are 
listed in Table IV.595! Angina correlated positively with 
coronary artery disease and negatively with cerebro- 
vascular accidents. Overall coronary arterial athero- 
sclerosis correlated positively with the number of 
myocardial infarcts and angina but negatively with 


congestive heart failure and tortuosity. There were no 


significant correlations between severity of diabetes and 
coronary arterial atherosclerosis. 

Control group findings: The age- and sex-matched 
control group (Table V) demonstrated significantly 
lower overall coronary arterial atherosclerosis (p 
<0.002) than did the diabetic patients. In addition, the 
number of myocardial infarcts (p «0.001), number of 
diseased coronary arteries (p «0.001), diffuseness of 
coronary atherosclerosis (p «0.005) and presence of 
coronary arterial collateral channels (p «0.001) were 
significantly different from findings in diabetic pa- 
tients. 


Discussion 


Influence of diabetes on severity of coronary 
artery disease: We were surprised to find that there 
was no correlation between the severity or duration of 
diabetes mellitus of adult onset and the severity of 
coronary arterial atherosclerosis in the patients studied. 


CORONARY DISEASE AND DIABETES MELLITUS—V 





However, comparison of these patients to an age- and . 
sex-matched control group showed that the diabetic | 
patients did indeed have more coronary atherosclerosis, - 
a finding in accord with previous data.!^-16 Although 
we found no significant differences in either heart i 
weight or the tortuosity of the coronary vessels between .. 
the two groups, the diabetic patients showed an increase : 


TABLE M | 
Pathologic Changes Significantly Correlated (p 0.05) with 
Severity and Duration of Diabetes 4 





Degrees : j 
of “y : 
Pearson sr Freedom. us 


+0.24t ° 170 


Variable 








Severity of diabetes with: 
intrarenal intimal fibroelastosis 















Overall glomerular disease +0.36! 170 > 

Nodular intercapillary +0.37+ 170-5 
glomerulosclerosis 

Diffuse intercapillary 40.321 170 
-glomerutosclerosis ` 

Hyperplasia of pancreatic islets +0.207 166 

Duration of diabetes with: 

intramyocardial arterial disease T0.15* 171 

intrarenal intimal fibroelastosis +0.24} 170 

Overall glomerular disease +0.27! 170 

Nodular intercapillary 4-0.30* 170 
'glomerulosclerosis 

Diffuse intercapillary +0.25! 170 
-glomerulosclerosis 


M Hyalinization of pancreatic islets +0.15* 166 x 


* p «0.05; ! p «0.01; * p «0.001; by Student's t test. 















EE Retinopathy 


Renal failure 


Hypertension 





| Angina 


Congestive heart failure 
Heart weight 


Overall coronary arterial atherosclerosis 


Epicardial coronary arteríal tortuosity 


intrarenal intimal fibroelastosis 








0.22 renal failure — 
0.27 overall glomerular disease 
0.25 severity of diabetes 
0.32 overall glomerular disease 
+ 0.36 congestive heart failure 
+ 0.6retinopathy — . 
~ 6.04 number of myocardial infarcts 
0.38 overall glomerular disease 
8.49 cerebral vascular accident 
6.77 + 0.45 overall coronary arterial atherosclerosis 
(00 = 13.32 cerebral vascular accident 
~2.65 + 0.32 renal failure 
+ 0.08 heart weight — 
~ 0.50 panniculus thickness 
= 303.58 + 1.50 congestive heart failure 
+ 2.33 kidney weight 
+ 2.63 intramyocardial arterial disease 
97.15 + 12.51 number of myocardial infarcts 
— 0.22 congestive heart failure 
* 0.18 angina 
^ 0.35 epicardial coronary arterial tortuosity 
86.39 — 0.16 overall coronary arterial atherosclerosis 
~ 0.21 kidney weight 
. . 0.02 heart weight 
28.88 + 0.25 overall glomerular disease 
+ 0.24 age: 





15.70 - 


li 


i 


il 


l 


H 


+. 0.08 hypertension 


ean meeue 


* Independent variables (* in Table l) enter at a significance level of p. «0.01. Thirty-four patients were excluded because of insufficient data. 


in angiographically determined numbers of diseased 
coronary vessels, diffuseness of coronary disease and 
. collateralization of coronary arteries. In contrast, in a 


_ previous coronary angiographic study?? of 35 diabetic 
_ and 35 nondiabetic patients, there were no differences 
between the two groups in mean luminal diameters of 
- coronary arteries. Although Hamby et al.29 evaluated 
- patients with angina and found the extent of coronary 
artery disease reflected in both the number of vessels 
"involved and the total coronary score to be the same for 
diabetic and nondiabetic patients, Dortimer et al.34 
- found that adult diabetic patients with chest pain had 


more coronary artery disease but no more diffuse or - 


inoperable disease. Our study, which reports the angi- 


TABLE V — ME EN 
Comparison of Coronary Artery Disease in 185 Diabetic 
„Patients and 185 Age- and Sex-Matched Control Patients - 







Diabetic ^ Control - 
‘Patients’ ^ Patients* ^ p! 


49.9 + 29.7 39.7 + 31.5 <0.002 





all coronary | " 
arterial atherosclerosis - 
ber of diseased: 
fuseness of coronary 
. atherosclerosis. 
/oronary arterial —.— 
rdial coronary 
. arterial tortuosity 
nber of 

.. myocardial infarcts | 


E Mean + standard deviation; ',Student's t test. 


344512 10412 «0001 
41.6 + 29.1 32.8 + 29.8 «0.005 
32.1 + 32.1 20.7 + 31.7. «0.001 










52.8 + 17.8 55.54 16.3 «0.1 
12412 0840.9 «0001 


* 





ographic findings of both symptomatic and asymp- 
tomatic diabetic patients regardless of cause of death 
and clinical course, supports the studies that have in- 
dicated more coronary disease in this population.  * 

Lack of influence of duration and severity of di- 
abetes: On the other hand, this group of diabetic pa- 
tients by itself failed to show significant correlations 
between coronary arterial atherosclerosis and the du- 
ration or severity of diabetes. Significant associations 
between clinically determined diabetes and diabetic 
changes in the kidney, pancreas and the intima of in- 


tramyocardial vessels indicated that the severity of 


disease was indeed manifested in our patients in the 
form of pathologic tissue changes well recognized as 
being attributable to diabetes.^? Prediction of selected 
variables by multivariate regression analysis (Table 
IV)?95! showed, at the significance level chosen, that | 
severity of diabetes mellitus predicted only retinopathy. - 
Retinopathy in turn entered into the prediction of renal. 

failure, which was also dependent on glomerular disease 
and congestive heart failure. Angina pectoris was as- 
sociated with severity of coronary atherosclerosis, but 
congestive heart failure was a function of renal failure 
and heart weight. Peculiar negative associations, such 
as that between angina and cerebrovascular accident 
and that between overall coronary arterial atheroscle- 
rosis and congestive heart failure, may simply reflect the 
fact that patients who came to autopsy with one con- 
dition had not yet experienced the other. Epicardial 
coronary arterial tortuosity, which is most marked in 
elderly patients with a small heart,*’ showed the ex- 
pected associations, although its relation to kidney 
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—— weight is not understood. Another predicted association 

.. system is provided by intrarenal intimal fibroelastosis, 

which showed the expected dependence on glomerular 
... disease, age and hypertension. É 





inical implications: Although our diabetic pa- 
! ts had an increased incidence of atherosclerosis their 
oronary angiograms did not reflect an angiographically 


evident progressive cardiac vascular disease. Neither 
the severity nor the duration of diabetes as determined 
. * elinically and substantiated by histopathologic changes 


in the kidney and pancreas was reflected in the severity 
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Survival, subsequent myocardial infarction and current anginal status were 
determined for 90 nearly consecutive patients who underwent coronary " 
arteriography at the Johns Hopkins Hospital between 1960 and 1967. All — 
patients had at least one coronary arterial narrowing equal to or greater 
than 70 percent; 78 of 90 patients would be candidates for coronary by- : 
pass surgery by present criteria. Twenty-nine of the 78 surgically “‘suit- — 
able” patients died of cardiac causes; 7 of 49 survivors sustained an acute i 
myocardial infarction (mean follow-up period 9.9 years). Patients with | 
a 70 percent or greater narrowing proximal to the first septal branch of. 
the left anterior descending coronary artery had a significantly greater Ü 
mortality compared with patients with equivalent narrowing distal to the — 
first septal branch or with patients without 70 percent or greater narrowing | 
of the left anterior descending artery. The patients with a 70 percent or - 
greater narrowing of the left anterior descending artery who died were | 
those with a significant narrowing in at least one other major coronary . 
artery. Multivariate stepwise discriminate function analysis of all clinical, © 
electrocardiographic (except stress electrocardiographic) and arterio- - 
graphic variables identified three independent predictors of mortality: (1). 

the simultaneous occurrence of a narrowing in left anterior descending | 

and right coronary a teries, (2) prior myocardial infarction; and (3) 70. 

percent or greater narrowing proximal to the first anterior descending - 
septal branch. When stress electrocardiographic findings were included, | 

a “positive” stress electrocardiographic test was also an independent | 

predictor of mortality. E 


The distribution and extent of atherosclerosis within the coronary ar- 
terial circulation is an important determinant of subsequent mortality.’ 
Although previous reports have shown a relation between survival and 
extent of atherosclerotic disease? or the number of major coronary ar- 
teries narrowed,* © the only specific narrowing demonstrated to beas- 
sociated with a high mortality rate is 50 percent or greater obstruction 
of the left main coronary artery." !! The patients who underwent coro- 
nary arteriography at the Johns Hopkins Hospital between 1960 and 


1967 were examined to determine whether a significant narrowing 
locations other than the left main coronary artery was associated w 
a high risk of dying. The relative contribution of historical, electrocg 
diographic and coronary arteriographic findings to the occurrence of 
death after arteriography was examined using multivariate stepwise 
discriminate function analysis. (0 CM 


Methods 


ig the 8 year period between 1960 and 1967, 350 patients. 
onary arteriography at the Johns Hopkins Hospital. Of 
e excluded from this study because the origin of t 
| sidered to be primarily valvular or myocardial and 
atherosclerotic. In patients, the arteriogram was unsatisfactory for 
pretation. Eighteen other patients were excluded because they underw: 
ternal mammary arterial implantation within 1 year of coronary arteriogi 
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^ Of the remaining 224 patients, 90 had 70 percent or greater 
¿© narrowing of at least one major coronary artery and might 
-have been considered for coronary bypass grafting if it had 
.. been available at the time they underwent arteriography. One 
^ hundred thirty-four patients were excluded from the study 
`. because no major coronary artery was narrowed by 70 percent 
^or more. 

© Patient follow-up: Follow-up information on all 90 pa- 
_ tients was available through January 1975 either by reexam- 
ination of the patient at the Johns Hopkins Hospital or by 
. letter or phone call to the patient or referring physician. If a 
patient died, the cause and circumstances of death were as- 
ertained from the patient’s physician and death certificate. 
' (Three patients underwent coronary bypass graft surgery at 







..44, 65 and 82 months, respectively, after arteriography. The 
-follow-up period for these three patients was only until the 
time of operation. There were 32 deaths in this series; 
_ twenty-nine deaths were considered of cardiac origin and 3 
. of noncardiac origin. Two patients died of cancer (52 and 83 
months, respectively, after arteriography) and one in an au- 
_tomobile accident (27 months after arteriography); they were 
_ considered alive until that point and then “lost to follow- 
up.” 

. Clinieal data: The following information was available 
_ from the patient's hospital record: age, sex, duration and se- 
Verity of angina before arteriography, history of a previous 
myocardial infarction, history of congestive failure, car- 
diothoracic ratio by chest roentgenogram and fasting serum 
cholesterol level. Functional disability due to chest pain was 
defined according to the New York Heart Association classi- 
-fication.!? Congestive heart failure considered secondary to 
. left ventricular dysfunction was noted by the presence of bi- 
lateral pulmonary rales, hepatomegaly or pedal edema, or the 
presence of orthopnea or paroxysmal nocturnal dyspnea. 
Standard posteroanterior and lateral chest X-ray films were 
obtained in all patients. Cardiomegaly was defined as a car- 
diothoracic ratio of greater than 50 percent on the post- 
-eroanterior chest X-ray film. 

...Electrocardiographic findings: The electrocardiogram 
at rest was interpreted as normal or abnormal according to the 
criteria of Rose and Blackburn.!? An electrocardiogram at rest 








FIRST “SD 
SEPTAL 











IGURE 1. Schematic drawing of left main and left anterior descending 
coronary artery. Segments drawn according to American Heart Asso- 
ation proposal.'* ANTERIOR DESC = left anterior descending artery; 
RC = circumflex artery; DIAG #2 = second diagonal branch of left 
anterior descending artery; DISTAL = coronary segment 7 (7) that 
begins dista/ to origin of first septal branch; FIRST SEPTAL = first septal 
branch of left anterior descending artery; MLCA = left main coronary 
artery; PROXIMAL = coronary segments proximal to first septal branch 
(segments 5 and 6; 5 = (segment 5) left main coronary artery: 6 = 
(segment 6) left anterior descending arterial segment proximal to and 
including origin of first septal branch: 7 = (segment 7) left anterior 
descending segment beginning distal to origin of first septal branch and 
extending to point where it forms an angle in the right anterior oblique 
»rojection, often coinciding with the origin of the second diagonal 
yranch. 


was considered abnormal if at least one of the following was 
present: a Q wave of 0.04 second’s duration, an S-T segment 
shift of at least 1 mm (either depression or elevation), left 
bundle branch block or atrial fibrillation. 

A Master double two-step exercise electrocardiographic 
test was performed in 68 patients at the time of coronary ar- 
teriography. None of these 68 patients had evidence of either 
left ventricular hypertrophy or left bundle branch block in the 
electrocardiogram at rest that precluded interpretation of the | 
stress electrocardiographic changes. Ten leads were recorded 
simultaneously before, during and after exercise.!4 The end 
point of a Master double two-step test was the completion of 
a specified number of trips across two steps. The number of 
trips was determined by the patient’s sex, age and weight. 15 
A stress test was interpreted as positive when the electrocar- 
diogram manifested horizontal or downsloping S-T segment * 
depression of at least 1 mm for 0.08 second on three consecu- 
tive beats. Available stress tests were reviewed. Ifa patient’s 
stress test was not available for review by us, we obtained a 
report from the hospital record describing the test as positive 
or negative by these criteria. 

Coronary arteriography: Selective coronary arteriogra- 
phy using the brachial arterial (Sones) technique was per- 
formed in all patients.'® Multiple cineradiographs in each 
patient were reviewed by one author (L.S.C.G.) without 
knowledge of the patient’s subsequent clinical course. The 
coronary arterial system was divided into 15 segments as 
proposed by a committee of the American Heart Association, !? 
and the most severe luminal narrowing for each segment was 
recorded (in percent) as (a) 30, (b) 50, (c) 70, (d) 90 or *near- 
total" occlusion, (e) 100 (or total), or (f) no narrowing or ir- 
regularity present. For purposes of analysis, each patient was 
considered to have one, two or three vessel disease depending 
on whether the right, left anterior descending or circumflex 
artery was narrowed by 50 percent or more. Three patients 
with a narrowing of at least 50 percent of the left main cero-. 
nary artery were considered to have a narrowing of both the 
left anterior descending and left circumflex coronary arteries. 
Because only three patients had significant left main disease 
and only one died during the follow-up period, dates on these 
three patients were best analyzed separately. 

A schematic drawing of the left main and left anterior 
descending arteries according to the American Heart Asso- 
ciation classification proposal is shown in Figure 1. Patients 
were considered to have “proximal” left anterior descending 
disease if there was a 70 percent or greater narrowing proximal 
to the first septal branch (segment 5 or 6) or “distal” anterior 
descending disease if such narrowing was in the segment im- 
mediately distal to the first septal branch (segment 7). Filling 
by collateral channels of any coronary segment was also 
noted. 

Left ventriculography was not performed in these patients. 
This procedure was not a routine part of the catheter evalu- 
ation of coronary heart disease at The Johns Hopkins Hospital 
until 1968. Hence, the influence of left ventricular contraction 
patterns on survival could not be analyzed in these pa- 
tients. | 

Surgical suitability: Ninety patients were classified as 
"suitable" or "unsuitable" candidates for coronary bypass 
graft surgery by current 1978 criteria. “Suitability” for such 
surgery was judged on the basis of three criteria: (1) narrowing 
of 70 percent or more in at least one major coronary artery; (2) 
the characteristics of the coronary arterial segment distal to 
the obstruction, and (3) left ventricular performance. To be 
suitable for coronary bypass surgery, the distal coronary ar- 
terial segment had to be opacified by either anterograde or 
collateral filling and have an internal diameter of at least 1 mm 
and be free of plaque so that the internal diameter was not 
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-reduced by 50 percent or more at the usual site of bypass graft 
-'.. and coronary arterial anastomosis or distal to this location. 
' o A distal coronary artery was considered unsuitable for bypass 
E if any one of the criteria was absent. A patient was 

red "unstable" for bypass surgery on the basis of 
med severe left ventricular dysfunction if the car- 
othoracic ratio was greater than 50 percent on the plain 
est X-ray film and left ventricular end-diastolic pressure 
` was greater than 20 mm Hg and the patient had congestive 
‘left. ventricular failure on clinical examination. These data 
for each patient by one of us (L.S.C.G.) without 


















wledge of the patient's subsequent clinical course. _ 
E istical methods: Contingency table analysis utilizing 
chi-square tests of significance was used to test individually 
the effect of independent clinical, electrocardiographic or 
-arteriographic variables against the dichotomous outcome of 
'subsequent survival or death. These variables included sex; 
degree of anginal disability; history of a previous myocardial 
Sue infarction; history of congestive heart failure; cardiothoracic 
. . ratio greater than 50 percent on a chest X-ray film, normality 
. < or abnormality of the electrocardiogram at rest and during 
. stress; the number of coronary arteries narrowed by 50 percent 
|... or more; presence or absence of 50 percent or greater nar- 
rowing of the left main coronary artery or of the right, left 
anterior descending or left circumflex artery; presence or 
absence of 70 percent or greater narrowing proximal or distal 
to the first left anterior descending septal branch; and pres- 
ence or absence of collateral filling of the distal left anterior 
descending artery. Continuous variables such as age, choles- 
‘terol level and duration of angina before arteriography were 

similarly compared with Student's t test. 

To consider the actuarial survival experience, we con- 
structed cumulative survival curves that took into account 
various lengths of follow-up study. These curves were fitted 
by the method of Kaplan and Meier.'* Factors were then ex- 
amined for their possible effect on survival by comparing these 
survival curves using Peto’s analysis.!9?? 

Multivariate stepwise discriminate function analysis was 
. . usedto consider simultaneously all independent variables.?! 4 
v. Dichotomous variables, such as male or female or the presence 
or absence of prior infarction, were entered as 0, 1 variables. 
Continuous variables, such as age and duration of angina, were 

— "used allowing for both linear and nonlinear effects. The cor- 

-> onary arteriographic variables were entered as both contin- 
uous and dichotomous variables. Each patient was entered 
as having 50 percent or greater narrowing of one, two or three 
. arteries. The location of the narrowing 70 percent or greater 
~ ofthe left anterior descending artery as proximal or distal to 
the first septal branch was entered as a dichotomous variable. 

“The percent narrowing of each of the three major arteries was 
analyzed as a continuous variable and then reanalyzed as a 
dichotomous variable separated at 70 percent or greater 
narrowing. Terms of interaction for interdependence between 
vessels as well as location of the 70 percent or greater nar- 















Survival After Coronary Arteriography 
ub Surgical Not Surgical 
Candidates" ^ Candidates" 
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Patients (n): 78 12 

Deaths . 29(37%) 

-Acute infarction/survivors 7/49 (14%) 0/4 

Continued angina/survivors 39/49 (80%) 

Engaged in full-time work/survivors 

P * See text for description of “surgical” and "not surgical" candi- 
ates. 
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rowing in the left anterior descending artery were also 
cluded in the analysis. | 

Multivariate stepwise discriminate analysis ranks t? 
dependent variables, including the terms of interacti 
order of their contribution to discrimination between t 
who survive or die and allows for significance testing of 
contribution at each step. It is therefore possible to asi 
whether a variable makes a significant contribution over: 
e other factors included. The significance levels 
iis technique are statistical tests of significance 
litional predictive information is provided 
specific variable over and above the information provided | 
the variables already tested. z 







E .. Results — OE 
Surgical suitability: Of the 224 patients whose data. 
were reviewed, 90 patients had 70 percent or greater 
narrowing of at least one coronary artery. Twelve of 
these patients were considered unsuitable candidates. 
for coronary bypass grafting by current criteria because. 
the distal coronary arterial segment or segments were 
considered unsuitable for grafting (nine patients) or left. 
ventricular function was presumed to be very poor 
(three patients). TVNES 
Clinical follow-up: Follow-up information on these 
90 patients at a mean interval (+ standard error of the. 
mean) of 9.9 + 0.2 years after coronary arteriography 
is recorded in Table I. The mortality rate was higher in 
the 12 patients who were considered unsuitable for 
coronary bypass grafting (67 percent), compared with 
the 78 patients who were considered suitable candidates 
(37 percent). Of the 78 patients who would have been 
candidates for bypass surgery by current criteria, 29 
died of cardiac causes and 49 were alive at the time of 
follow-up study. Seven (14 percent) of these 49 survivors 
sustained a nonfatal myocardial infarction after coro- 
nary arteriography and 39 (80 percent) continued to 
have angina pectoris; however, 31 (63 percent) were 
employed full time. | E 
The 78 patients considered to be surgical candidates 
have been grouped by the degree of anginal disability 
at the time of coronary arteriography (Fig. 2). There was 
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YEARS AFTER ARTERIOGRAPHY 


F IGURE 2. Influence of anginal disability on expected cum 
vival. NYHA = New York Heart Association; pts. = patients 
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pus YEARS AFTER CORONARY ARTERIOGRAPHY 
FIGURE 3. Influence of extent of coronary disease on expected cu- 
mmulative survival. Extent of disease is defined as one, two or three major 
arteries narrowed by 50 percent or more. pts. = patients. 
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no significant difference in mortality rates among these 
groups. Mild anginal symptoms (New York Heart As- 


sociation class II) did not appear to predict improved | 


survival in the 78 patients in this study. | | 
_ Survival in patients with one, two or three vessel 


disease: A survival analysis of the 78 patients, based on . - 
whether one, two or all three major coronary arteries 
were narrowed by at least 50 percent, is shown in Figure 
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GURE 5. Cumulative survival of patients with either two vessel (A.) 
three vessel (B.) coronary artery disease. Each group is subdivided 
‘cording to whether the 70 percent or greater narrowing is located 
oximal or distal to the first septal perforator branch of the left anterior 


'Scending (LAD) artery. pts. = patients. 
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FIGURE 4. Cumulative survival of patients with 70 percent or greater 
narrowing proximal to the first left anterior descending (LAD) septal 
branch (41 patients), 70 percent or greater narrowing in a coronary 
segment distal to the first anterior descending septal branch (27 pa- 
tients), and those patients without 70 percent or greater narrowing in 
either the anterior descending or left main coronary arteries (10 pa- 
tients). 





3. The mean follow-up period for these patients was 9.9 
years. There was a significant difference in these sur- 
vival curves (p «0.02). Furthermore, the linear trend 
across the number of vessels was significant (p «0.02). 
Ten patients had single vessel disease, including seven 
who had, as the only obstructive lesion, narrowing of the 
left anterior descending artery proximal to the first 
septal perforating branch. Only one patient with single 
vessel disease died. This man had 90 percent narrowing 
of the left anterior descending artery proximal to the 
first septal branch. In this small patient group, those 
with single vessel disease had a good outcome, including 
those patients with significant narrowing before the first 
septal branch of the left anterior descending artery. 
Influence of left anterior descending arterial 
narrowing on survival: The influence of narrowing of 
a particular artery on survival after arteriography was 
examined. Narrowing of the left anterior descending 
artery by at least 70 percent was found to influence 
adversely subsequent mortality. (This was true only in 
the presence of significant disease in at least one other 


major artery.) Seventy patients were available for fol- - 
 low-up at 8 years. Twenty-four (40 percent) ofthe60 
patients with 70 percent or greater narrowing of the left — 


anterior descending or left main coronary artery were 
dead compared with none of the 10 patients with either 
no or less than 70 percent narrowing of the left anterior 
descending artery (p «0.05). As will be described later, 


most of the deaths in patients with a 70 percent or >, 
greater narrowing of the left anterior descending artery - 
occurred in those who also had a significant narrowing- 


of at least one other major coronary artery. 
Forty-one patients had at least 70 percent narrowing 
proximal to the first septal branch of the left anterior 


descending artery; in 38 of the 41 this narrowing wasin- 


the anterior descending artery (Fig. 1, segment 6); in 3 
it was in the left main coronary artery (Fig. 1, segment 
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' Clinical Findings of Patients With 70 Percent or Greater 
larri Proximal or Distal to First Septal Branch of — 
Descending Artery | 

















Distal 
(27 patients) | p 


43.63: 8.1 NS 
85 . NS 
289483 NS 


Proximal 
(41 patients) 


42.1 t 7.6 
90 
284 + 69 






ge (mean + SD) (yr) 

Male(%) |. 
olesterol (mean + SD) 

. Prior infarction (76) 

.,. Duration of angina 

{mean + SD) (mo) | 

^. : Abnormal rest electro- 59 48 . NS 

uw e -cardiogram (96) | S at 

“NS = not significant; p = probability; SD = standard deviation, 


34 26 007 
414-43.4 — 341:32.1. NS 


... B). In 27 patients, the 70 percent narrowing in the an- 
-terior descending artery was in segment 7 (Fig. 1) just 
-... distal to the origin of the first septal branch. Sürvival 
data in these two subgroups as well as in the 10 patients 
-who did not have a 70 percent or greater narrowing in 
the anterior descending artery are shown in Figure 4. 
The poorest outcome was associated with narrowing 
proximal to the first septal branch and the most favor- 
.. able was noted in patients without significant disease 
of the anterior descending artery. Patients with anterior 
descending arterial narrowing distal to the first septal 
branch has an intermediate outcome (p «0.04). The 
linear trend across these three variables is significant 
(p «0.02). 
- The influence of proximal and distal left anterior 
descending arterial disease was examined separately 
«. . in patients with two and three vessel disease (Fig. 5). 
. ^. Although the patient groups are small and statistically 
*.. significant differences in survival were found only in the 
- group with two vessel disease, mortality was greater in 
|. patients with disease of the proximal left anterior de- 
- — scending artery in both groups. i 
— v The clinical characteristics were compared in the 41 
.... patients with 70 percent or greater narrowing proximal 
|... to the first septal branch and in the 27 patients with 
- significant narrowing distal to this branch (Table II). 
~ There were no significant differences between these two 
groups with respect to age, sex, history of prior myo- 
— A cardial infarction or duration of angina before arteri- 
^... ography, presence of an electrocardiographic abnor- 
- — mality at rest or serum cholesterol level. © 
Collateral filling of left anterior descending ar- 
ry: Of the 68 patients with at least 70 percent nar- 
ving of the left anterior descending or left main cor- 












5s .. these two patient groups revealed a significantly higher 
mortality rate among patients with collateral filling of 
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TABLE M - 
Collateral Filling of Left Anterior Descending Artery (LAD 
and Death Within 8 Years After Arteriography* Pe 


a. Collateral Filling No Collateral Filling 
Severity of. of Distal LAD of Distal LAD 
Proximal ——— a 
LAD: Deaths 

| at 8 yr 





Cases. Cases 

12. 3 (25%) 0 0 
6  5(8396) 28 
4  4(100%) 10 2 (2096. 
22 | ` 12 (55 76) 38 12 (3296) 


- Only patients with at least 8 years of follow-up study are included 
in this table. an 














the left anterior descending artery than on patients 
without collateral vessels (p <0.04) (Fig. 6). The severity. 
of the proximal narrowing of the left anterior descend- __ 
ing artery in these two groups and the number of pa- . 
tients who died within each group after arteriography | 
are shown in Table III. The number of patients witha 
total occlusion of the proximal left anterior descending . 
artery was larger in the group with collateral vessels. 
Nevertheless, the presence of collateral vessels to the . 
distal vascular segment may be an angiographic marker | 
of more “severe” disease and not necessarily provide 
increased protection against death. NU 

Electrocardiogram at rest: Of the 78 surgically m 
suitable patients, 44 had an abnormal electrocardiogram .— 
at rest at the time of coronary arteriography. Twenty - 
patients had a Q wave, 19 had an S-T segment shiftof 
more than 1 mm, 4 had left bundle branch block and 1 ui 
had atrial fibrillation. When all four groups are con- _ 
sidered as having an abnormal electrocardiogram at D 
rest, survival analysis shows that there was greater : 
mortality in patients with an abnormal electrocardio- . 
gram at rest than in patients with a normal electrocar- 
diogram (p «0.03) (Fig. 7). ux 
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X: YEARS AFTER CORONARY ARTERIOGRAPHY 
4G URE 6. Cumulative survival of patients with 70 percent or gre 
narrowing in the left main or left anterior descending (LAD) co 
artery who have collateral vessels (24 patients) and those whe 
have collateral vessels (44 patients) to the distal anterior desi 
artery on arteriography. dios 
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YEARS AFTER CORONARY ARTERIOGRAPHY 


... FIGURE 7. Cumulative survival of patients with either a normal or an 
abnormal electrocardiogram at rest (ECG). pts. = patients. 


v Stress electrocardiogram: Sixty-eight of the 78 
. surgically suitable patients underwent a double Mas- 
- ter's exercise electrocardiogram. Analysis of survival 
. revealed a poorer outcome in patients with a positive 
_ stress electrocardiogram than in those with a negative 
. Stress test (p <0.02) (Fig. 8). Fifty-eight of the 68 pa- 
. tients with 70 percent or greater narrowing in the left 
. main or left anterior descending coronary artery un- 
. derwent stress electrocardiography. These patients were 
_ Subclassified according to whether the 70 percent or 
greater narrowing was proximal or distal to the first 
anterior descending septal branch, and whether the 


_ Stress test was positive or negative for S-T segment shift. 


. Survival analysis showed the poorest outcome in pa- 


tients with a 70 percent or greater narrowing in the- 


- proximal left anterior descending artery and a positive 
-stress test and the best outcome in patients with a 70 
_ percent or greater narrowing of the distal anterior de- 
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: YEARS AFTER CORONARY ARTERIOGRAPHY |. 
FIGURE 9. Cumulative survival of patients with 70 percent or greater 
-narrowing proximal to the first septal perforator branch of the anterior 
descending artery and a positive (27 patients) or negative (8 patients) 
stress electrocardiogram; 70 percent or greater narrowing in segment 
distal to the first septal branch and a positive (14 patients) or negative 
(9 patients) stress electrocardiogsam. LAD = left anterior descending 
coronary artery. 
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FIGURE 8. Cumulative survival of patients (pts.) with a negative or 
positive stress electrocardiogram (ECG). 


scending artery and a negative stress test. The outcome 
in patients with a narrowing of the proximal anterior 
descending artery but with a negative stress test and of 
those with a distal narrowing but with a positive stress 
test was intermediate (p <0.02). (Fig. 9). 
Multivariate analysis: Many independent variables 
when considered separately were noted to have an in- 
fluence on survival. A multivariate stepwise discrimi- 
nate analysis of all clinical, electrocardiographic and 
coronary arteriographic variables was to assess simul- 
taneously the relative contribution of each variable to 
prediction of overall survival. Two analyses were per- 
formed. Because only 68 patients underwent stress 
electrocardiography, data on all 78 patients were first 
analyzed without stress electrocardiographic findings. 
Then data on the 68 patients who had a stress test were 
separately analyzed. The percent narrowing in each 
major artery was entered into each multivariate analysis 


-as both a continuous variable (30, 50, 70, for example) 
.and a dichotomous variable with percent narrowing 


being either 70 percent or greater or less than 70 per- 
cent. Because the analysis that used the narrowing as 
a continuous variable gave a somewhat better prediction 
for survival, only this analysis is presented. 

When all input variables except the stress electro- 
cardiographic findings were considered (78 patients), 
a combination of three variables was found to be pre- 
dictive of subsequent death. These were, in order of- 
degree of predictivity: (1) the simultaneous occurrence 
of narrowing in the right coronary artery and in the left 
anterior descending artery (either segment 6 or segment 
7); (2) history of a myocardial infarction before arteri- 
ography; and (3) the presence of a 70 percent or greater 
narrowing proximal to the first anterior descending | 
septal branch (Table IV). No other variables added 
significantly to the ability to predict mortality in this 
analysis. 

When the stress electrocardiographic findings were 
included (68 patients), the variables that were most. 
predictive of subsequent death included: (1) the per- . 
cent narrowing in the right coronary artery simulta- 
neous with the presence of a 70 percent or greater nar- 
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descending (LAD) coronary arteries. interaction variable where p 


Electrocardiography [alive (n = 49); dead (n = 29); total (n = 78)] 


Correctly Correctly 

Predicted Predicted 
Variable Entered Alive Dead 
RCA X LADt 27 (55%) 22 (76%) 
2 Prior Mi 37 (76%) 22 (7696) 
36 (74%) 22 (7696) 





70% or greater 
-. narrowing 






: ce level of contribution of prediction for each va 





qae MES myocardial infarction. 


d rowing proximal to the first anterior descending septal 


_ branch; (2) a positive stress electrocardiographic test; 


. (3) history of a myocardial infarction before arteriog- 


| D raphy; and (4) percent narrowing in the left circumflex 
artery simultaneous with the presence of a 70 percent 


or greater narrowing distal to the first anterior de- 


scending septal branch (Table V). No other variable in 


. this patient group, including anginal status, electro- 
- eardiographic findings at rest, the extent of coronary 
“disease, the presence of collateral vessels to the anterior 


descending artery, contributed significantly to the 
prediction of subsequent survival. : 

In Tables IV and V, the variable shown in step 1 was 
the best predictor of patients who were alive and those 
who died. Step 2 shows the variable with the next 
highest predictive value. The probability (p) values 
represent statistical significance in achieving this pre- 
diction. For convenience, it is helpful to examine the 
percent correctly predicted at each step. For example, 


" instep 1 in Table V, the simultaneous occurrence of 70 
... percent or greater narrowing in the proximal left ante- 


-rior descending artery and in the right coronary artery 











1 
e$ 
X. 


—. correctly identified 16 of 24 patients who died whereas 

the absence of one or both of these variables correctly 

/. predicted 33 of 44 patients who were alive at follow-up 

. ' study. Hence, the outcome of 49 of 68 patients was 

-> correctly predicted by the simultaneous presence of 
— - these two variables. | : 


TABLE tM 
.. ... Prediction of Mortality by Multivariate Stepwise Discriminate Fun 
-Electrocardiography [alive (n = 44); dead 





X Variable Entered Alive 
Proximal LAD 2 70% narrowing X RCA! 

Positive stress electrocardiogram 

` Previous MI 

. . Distal LAD 270% narrowing X LOx! 











M. 33 (7596) 
^ 84 (7796) 
< 83(75906) 
.. 35 (B096) 


|.* p significance level of contribution of prediction for each variable. Although each v 
predictions, the precision of the estimate of the percent is enhanced by the level shown. t Simultaneous narrowing of 70 percent or greater 
proximal left anterior descending artery (LAD) and a narrowing in the right coronary c nuit 
narrowing of 70 percent or greater in the distal left anterior descending artery and a narrowing in the circumflex artery (entered as a Conr 


variable). 
MI = myocardial infarction. 


. VARIABLES PREDICTIVI 


tion of Mortality by Multivariate Stepwise Discriminate Function Analysis of all Variables Except Stress 


riable. Although ea 
d by the level show 
ercent narrowings in 


cn ction Analysis of all Variables Including Stress — - 
(n = 24); total (n = 68) | 
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Alive 






















ariable does not appreciably alter the percent of corr 
Simultaneous narrowings in the right (RCA) and left anterior 











both arteries were entered as continuous variables. 





Discussion 


This study of the natural history of patients with | 
coronary heart disease was prompted by two questions: | 
(1) the relative contribution to survival of the many | 
clinical, electrocardiographic and coronary arterio- 
graphic variables available to the physician at the time - 
of cardiologic evaluation; and (2) the mortality, rate of 
nonfatal infarction and symptomatic status of patients 
who have not undergone any cardiac revascularization . 
procedure, but who are comparable with persons now : 
considered for coronary bvpass surgery. Previous nat- 4 
ural history studies have not made suitability for such 
surgery a criterion for inclusion. zs 


* 


Independent predictors of prognosis: Severalin- 
vestigators?-525 have reported a greater risk of death in : 
patients with significant left anterior descending arterial . 
disease than in those whose disease is limited to either. 
the left circumflex or the right coronary artery orboth 
arteries. Our study confirms this finding. Virtually all 
of the deaths in our study occurred in patients with | 
disease of the left anterior descending coronary artery. 
Because significant disease of this artery is very com- 
mon among symptomatic patients with coronary dis- 
ease, the presence of a 70 percent or greater narrowing 
in this vessel did not, by itself, discriminate between 
those who would live and those who would die. Multi- - 
variate analysis of the entire patient group (without | 























rec Incorrectly Incorrecth 
Predicted Correctly Predicted Predicted 
joad Predicted p* Alive Dead 


49 (72%) «0.001 8 
50 (7496) «0.01 8 
51(75%) <0.05 6 
54 (79%) <0.05 5 





(ridere rrr rd eA AR re a n bita Pe pes RI rr 


16 (6796) 
16 (67 96) 
18 (7596) 
19 (7996) 





ariable does not appreciably alter the percent of co : 





artery (RCA) (entered as a continuous variable). t Simult 


$2.2 ok ak PAE FPEM. C Mahima AR. i 










VARIABLES PREDICTIVE OF SURVIVAL 












8$ 5 10) Sot d 
$ 100 T 
z k N Triple Vessel Disease 
v 80 EN . s 
rer Si 
Yeo, 
SO w, 3 n Mea 
S "ua bus "Wa -A ie ena 
DR M S 
i hag ree TD 7. 
40} S w 
` UTR 
i : 
L *—-* Johns Hopkins (78 pts.) 
Í 


creme Cleveland Clinic (S53 pts } 
O e~e Univ. of Alabama (146 pis.} 
s-a Queens University (259 pts.) 
NANO SOOO VOEN EE EN m FERREA: 
0 2 4 & 8 Io i2 
mU Years After Coronary Arteriógram 
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' Coronary arteries narrowed by 50 percent or greater. Data from three 
_ Previous studies??-*? as well as from this report are included. pts. = 
- patients. 


- Stress electrocardiographic findings) demonstrated that 
„two anatomic situations independently placed a patient 
_at high risk of dying. The first was the simultaneous 
narrowing of both the left anterior descending and the 
-right coronary arteries; the second was the presence of 
_a 70 percent or greater narrowing proximal to the first 
anterior descending septal branch. The only other 


. variable that independently contributed to predicting 


- Survival for the entire group was the history of a myo- 
cardial infarction before arteriography. When the re- 
-sults of stress electrocardiography were considered, this 
variable was also found to be a significant independent 
predictor of survival. Thus, multivariate analysis em- 
phasizes the importance of considering not only clinical 
and electrocardiographic data at rest in assessing pa- 
tient prognosis, but also the findings of coronary arte- 


riography and stress electrocardiography. 









medically: The ideal study to determine subsequent 
‘vival with medical therapy of patients suitable for 
oronary bypass grafting is to allocate these patients 
idomly to either medical or surgical therapy after 
onary arteriography. Whereas at least. four such 
rospective studies are currently underway,76-?9 the 
long-term results will not be known for several years. An 
ernative approach is to review the natural history of 
suitable patients who underwent coronary arteriogra- 
phy before the availability of coronary bypass 
grafting. 
.. “Suitability” for coronary bypass graft surgery was 
an important criterion for selecting patients included 
in this natural history study. Thirteen percent of the 
patients with significant (at least one artery narrowed 
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YEARS AFTER CORONARY ARTERIOGRAPHY 
FIGURE 11. Cumulative survival of patients with coronary heart disease 
who were surgically "suitable" but followed up with medical therapy. 
Data from three prospective randomized studies of medical versus 
surgical therapy?’.28.54 as wall as from this report are included. pts. = 
patients. 


by 70 percent or more) obstructive coronary disease 
were excluded from this study because of diffusé distal 
coronary disease or presumed very poor left ventricular 
function. A patient who is judged suitable for coronary 
bypass surgery is likely to have a more favorable prog- 
nosis than the patient with more extensive coronary 
disease or severe left ventricular dysfunction. This may 
be the reason why survival in our series is better than 
that reported by three other centers?0-32 (Fig. 10). 
During the period that the series at Queen's Hospital?? 
and the Cleveland Clinic?? were accumulated, the op: 
eration of choice for patients with coronary athero- 
sclerosis was implantation of the internal mammary 
artery. It is possible that many patients with a more 
favorable coronary and left ventriculographic anatomy 
underwent this procedure while the medical treatment 
group included a higher percent of patients with more 


. extensive coronary or left ventricular disease, or both. 
- Neither of these reports indicates why some patients 


were referred for surgery and other patients were not. 


.. Although implant surgery was not routinely performed 
. 8atthe University of Alabama?! during the period that 
- the 206 patients in that series underwent arteriography, 


there was no attempt to exclude patients with diffuse 
distal coronary disease or very poor left ventricular — 
function who might not be suitable candidates for cor- 
onary bypass surgery by current criteria. | Lr 


— The cumulative survival of patients in our series is 


very comparable with that of the surgically suitable but 


medically treated patients in the Veterans Adminis- 


tration Cooperative,?? Houston Veterans Administra- 
tion?” and the University of Oregon?? studies (Fig. 11). 
When survival of patients with one, two or three vessel 
disease is examined separately, the cumulative survival 
of the patient subgroups in our series is similar tothat 
of the Veterans Adminstration Cooperative Study.3? 
Although not included in Figure 11, the expected sur- 
vival of an age-matched patient group drawn from the 
general population is better than any of the patient 
groups with coronary heart disease. Expected survival 
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in a normal 43 year old man for the next 4, 8, and 12 

years is 98, 95 and 90 percent, respectively." 
|.  Leftanterior descending arterial stenosis prox- 
. .àmal versus distal to the first septal perforating 
branch: There are at least two possible reasons why a 
-patient with significant (70 percent or greater) nar- 
rowing proximal to the first septal perforating branch 
.. may be at a higher risk of mortality. First, narrowing 
proximal to the first septal perforating branch is very 
-... often also proximal to, or involves the origin of, the first 
diagonal branch of the anterior descending artery. 
< Hence, three sizable myocardial segments including the 
interventricular septum, the myocardium perfused by 
* the first diagonal branch and the distal main stem left 
anterior descending artery are jeopardized by a nar- 
rowing at this location. A second possible reason for the 
...... increased mortality associated with narrowing proximal 
« = to the first septal branch relates to the importance of 
.. regional ischemia or infarction of the interventricular 
~ septum, a situation that may predispose to ventricular 
-arrhythmia and conduction defects. Among our patients 
who died, 15 of the 19 sudden cardiac deaths in our se- 
ries were noted in those patients with a significant 
narrowing proximal to the first septal branch. Further 
study is needed to understand these two possibilities. 
Nevertheless, the outcome in the seven patients in our 
study with single vessel disease involving only the an- 
terior descending artery proximal to the first septal 
branch was very favorable. Although a 70 percent nar- 
rowing of the anterior descending artery at this location 
was a significant independent predictor of survival, an 
1 even more powerful predictor was the simultaneous 
‘presence of disease in the right and left anterior de- 
scending artery. Thus, two important factors may 
contribute to survival: (1) narrowing proximal to the 
first septal branch and (2) significant narrowing in at 

-. least one other major coronary artery. 

Differences from previous studies: Hammer- 
meister et al.2° in Seattle and more recently Harris et 
21.96 reported follow-up studies that used multivariate 

|. discriminate analysis to define predictors of survival in 
|. - patients treated medically. The findings of these two 
-studies and their approach are very similar to those used 
| jin eur report. Three important differences between 
~ these two studies and ours should be noted. First, the 
. study populations of the Seattle and Duke series are 
different from that of our series: Both the Seattle and 
^. Duke series included patients who were considered for 
|... coronary bypass surgery but who did not undergo this 
|. ^. procedure. In the Seattle series, the patients treated 
A nonsurgically represented 28 percent of those who en- 
-tered the registry. In the Duke series, 61 percent of the 
|. patients who underwent coronary arteriography were 
4 . treated nonsurgically for at least 6 months. ‘Ten percent 
. ofthis "medical" group subsequently underwent coro- 
c. mary bypass surgery and were considered alive but re- 
^—-. moved from follow-up study at the time of operation. 
<< - No information is available concerning why these 
|... medically treated patients were not referred for surgery 
although important differences between the medical 
and surgical cohorts were previously described.*’"* The 
= second difference between our study and those reported 

















































by the Seattle and Duke groups was the availability « 
ventriculography either to calculate left ventriculi 
ejection fraction or to describe ventricular contractio 
patterns. The ejection fraction is the best single metho 
to describe left ventricular function, but other variable 
including the history of a prior myocardial infarctio 
electrocardiographic abnormalities at rest, congestis 
heart failure and heart size on chest X-ray film are ii 
direct measures of left ventricular function and are in- 
cluded in our study. The single most important deter- . 
minant of ejection fraction in patients with coronary — 
artery disease is the history of a prior infarction. In our 
study, the history of a prior myocardial infarction was, 
an independent predictor of survival. b 
The third difference involves the use of slightly - 
different statistical techniques. In describing coronary . 
anatomy, both the Seattle and Duke groups entered the 
extent of coronary disease as a dichotomous variable - 
divided at the 70 percent or 75 percent level, whereas. 
we used percent narrowing as a continuous variable. 
Also, we made use of interaction terms to describe dis- 
ease in two vessels simultaneously or at a specific locus | 
within the left anterior descending artery. Finally, the 
Seattle and Duke studies described outcome as a 2 or 
3 year time-dependent survival rate reflecting variations - 
throughout the study in both time in the study and | 
number of deaths. This procedure appropriately ne- 
cessitates the use of Cox’s hazard function analysis.?? 
However, in our long-term follow-up study, all patients 
were followed up approximately 10 years, and the goal 
of the multivariate analysis was to predict any death 
regardless of when it occurred. For this reason, dis- 
criminate function analysis treating death as a time- 
independent process was used. 18 
Clinical implications: This study using multivariate 
analysis has determined that two arteriographic and two 
clinical findings independently contribute to patient 
survival. These are (1) the simultaneous presence of 
significant disease in both the left anterior descending 
and right coronary arteries; (2) the presence of a 70 
percent or greater narrowing of the left anterior de- 
scending artery proximal to the first septal perforator 
branch; (3) the history of a prior myocardial infarction; 
and (4) a positive stress electrocardiographic test. Left 
ventriculography was not performed in these patients. 
Hence, the influence of left ventricular contraction 
patterns or ejection fraction on subsequent survival 
could not be analyzed as separate variables in. this group 
of patients. . | 


Because the pattern of coronary atherosclerosis is an 
important predictor of survival, one objective of future 


studies will be to identify by noninvasive methods, such 
as exercise electrocardiography or thallium-201 myo- 


cardial scintigraphy or radionuclide ventriculography, 
those patients with significant arterial narrowings at 
these locations. Cm 
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ABDULMASSIH S. ISKANDRIAN, MD, Stress thallium-201 myocardial perfusion images were obtained in 65 | 
eas ee patients with an inconclusive exercise electrocardiogram. All 65 patients. - 
ee RE A) M underwent coronary angiographic studies. The exercise electrocardiogram _ 

_ GARY S. ANDERSON, MD, FACC was judged inconclusive in 35 patients (54 percent) because submaximal _ 
x ae HAMD AA EGAL MD. FACC exercise had been performed and in 30 patients (46 percent) who man- 
a Srey a itested ST-T segment abnormalities at rest. Exercise thallium-201 myo- - 
ea i f cardial perfusion images were abnormal in 20 patients and normalin 45. | 
Nineteen (95 percent) of the 20 patients with abnormal exercise images . 
had severe disease of one or more major coronary arteries. Thirty-seven 
(82 percent) of the 45 patients with normal exercise images had no sig- 
nificant coronary artery disease; the remaining 8 patients had coronary 
artery disease. Therefore, 19 of 27 patients with coronary artery disease _ 
had abnormal exercise images (sensitivity 70 percent), and 37 of 38 . 
patients without coronary artery disease had normal exercise images _ 
(specificity 97 perceni). Thallium-201 imaging predicted the correct di- 
agnosis in 56 patients (86 percent). Thus, exercise myocardial imaging | 
" with thallium-201 appears to be a useful diagnostic aid in patients with | 
t T an inconclusive exercise electrocardiogram. POR 







— Philadelphia, Pennsylvania 


Xs Treadmill exercise testing is widely used as an effective noninvasive | 
E diagnostic tool to detect coronary artery disease.! ? Several studies have 
2 shown a high sensitivity and specificity in preselected patients, partic- | 
ularly those in whom the exercise testing was performed under optimal | 
conditions.'-* Exercise test results interpreted as inconclusive or non- 
diagnostic because of inadequate heart rate response, S-T abnormalities 
in the electrocardiogram at rest, presence of bundle branch block ora | 
pattern of left ventricular hypertrophy have often been excluded from 
these reports; therefore, the actual prevalence of inconclusive test results 
is difficult to ascertain from existing information. A few reports'+°' have 
indicated the occurrence of “indeterminate” or “equivocal” test result 
in 15 to 30 percent of all patients undergoing treadmill exercis 
"There is now suff 
thallium-201 myoc 
procedure in patie 
However, only a fe 
of this procedure i 
From the Likoff Cardiovascular Institute, Hah- "The purposes of this study were (1) to define the incidence of inc 
. nemann Medical College and Hospital, Philadel- clusive exercise treadmill test results, and (2) to evaluate exercise | 
ma n Mp oe oS lium-201 myocardial imaging as a means of detecting coronary art 
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March 5, 1980, accepted April 3, 1 A D disease in patients with such test results. | 
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1,174 more patients underwent treadmill exercise testing 
alone. The exercise electrocardiogram was inconclusive in 146 
36.5 percent) of the 400 patients and in 419 (35.6 percent) of 
he 1,174 patients. On the recommendation of their physician, 
5 of the 146 patients who had undergone both noninvasive 
procedures underwent cardiac catheterization and coronary 
arteriography. These 65 patients constitute the group we 
. Of the 65 patients studied, 40 were men and 25 women 
Table I); their average age was 51 years (range 27 to 67). 
'wenty-six patients (40 percent) had classic angina pectoris, 
0 (46 percent) had atypical angina and 9 (14 percent) were 
_ asymptomatic and were studied because of a strong family 
_ history of coronary artery disease. The resting 12 lead elec- 
trocardiogram was normal in 28 patients (43 percent), revealed 
| ST-T wave abnormalities in 33 patients (51 percent) and 
-showed abnormal Q waves indicative of old transmural in- 
_ farction in 4 patients (6 percent). No patient had electrocar- 
_ diographic evidence of left ventricular hypertrophy, bundle 
_ branch block or preexcitation syndrome, findings that are 
known to predispose to an inconclusive exercise electrocar- 
. diogram. - 
- - Treadmill exercise testing: All patients exercised in the 
_ fasting state in accordance with a standard Bruce protocol for 
_ treadmill exercise testing.!? Thirty-five patients (58 percent) 
. were receiving propranolol and 12 (18 percent) were receiving 
. cardiac glycosides at the time of the study. Each patient ex- 
-ercised until (1) at least 85 percent of the maximal predicted 
heart rate for age and condition was reached; or (2) there was 
.2 mm of downsloping or horizontal S-T segment depression 
_in the absence of a resting S- T abnormality, with or without 
angina pectoris; or (3) the patient complained of excessive 
fatigue, leg weakness or shortness of breath; or (4) hypoten- 
sion, ventricular arrhythmia or dizziness occurred. Three 
standard electrodardiographic leads (V4, Vs and a VF) were 
continuously monitored. A complete 12 lead electrocardio- 
_ gram was obtained in each patient immediately after termi- 
mation of the exercise test.! 
<The exercise electrocardiogram was considered incon- 
clusive in this study when (1) the patient did not achieve 85 
percent of the predicted maximal heart rate for age and con- 
dition in the absence of diagnostic electrocardiographic 


changes, or (2) there was S-T segment depression of 0.5 mm i 


or- more at rest without an additional 2 mm of S-T depression 
during exercise. 7 | 
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An exercise treadmill test was considered positive if one 
or more of the following electrocardiographic criteria were 
met: (1) 1 mm or greater horizontal or downsloping S-T de- 
pression in the absence of a resting S-T abnormality; or (2) 1.5 
mm or greater S-T depression 80 ms after the J point, with a 
slowly rising S-T slope (1 mv/s or less), in the absence of a 
resting S-T abnormality"; or (3) 2 mm of additional horizontal 
or downsloping S-'T depression in the presence of S-T de- 
pression in the electrocardiogram at rest./^ The exercise 
electrocardiogram was considered negative when the patient 
achieved 85 percent of the predicted maximal heart rate and 
there were no ischemic S-T changes. The exercise electro- 
cardiograms were interpreted independently by two observers 
without knowledge of the results of thallium-201 myocardial 
perfusion scanning or coronary angiography. 

Thallium-201 myocardial imaging: Before these exercise 
tests were performed, an angiographic catheter was inserted 
into an antecubital vein and attached to a solution of dextrose 
in water for flushing. At peak exercise 2 mCi of thallium-201 
was injected intravenously and flushed with dextrose and 
water. The patient was then requested to continue exercising 
for 30 to 60 seconds more.!9 

Myocardial imaging was performed within 10 to 15 minutes 
after thallium injection by means of a commercially available 
scintillation camera equipped with a high resolution parallel 
hole collimator. Images were obtained in the anterior, 45? left 
anterior oblique and left lateral projections. Final images were 





interpreted after background correction (20 to 25 percent) 
without computer smoothing. 


- Images were considered normal when there was homoge- 
neous distribution of activity in all segments of the left ven- 
tricle. They were considered abnormal when there was partial 
or complete absence of activity in one or more segments in the 
known tistribution of the coronary arteries. 

In patients with abnormal exercise imaging results, re- 
distribution studies were performed in the projection indi- 
cating the abnormality 4 hours after the initial study. The 
images were considered positive when the perfusion defect was 
seen in the stress study but was absent in the redistribution 
images, or when the defect in the stress study was larger than 
that in the redistribution study. Images were interpreted in- 
dependently by two observers without prior knowledge of the 
results of exercise electrocardiography or angiography. 

Cardiac catheterization and angiography: Each patient 
underwent left and right heart catheterization in the fasting 





Clinical, Electrocardiographic and Angiographic Results in 65 Patients With inconclusive Exercise Electrocardiograms 
p Patients With CAD (n = 27) l Patients Without CAD (n = 38) 
STO o | % n 96 
Age (range; mean) (yr) 30-67; 52 21-75 51 
: Male/female ratio 21:6 19:19 
Angina pectoris | l 
<- Typical 20. 74 6 16 
. Atypical m 6 22 24 63 
. . Absent (03 4 8 21 
Normal 12 44 16 42 
ST-T changes 11 41 12 58 
d Q waves 4 15 0 0 
: Drug therapy 
A Propranolol 14 52 21 55 
Digitalis 5 19 7 18 
Cause of inconclusive 
exercise ECG 
Submaximal stress 16 59 19 50 
Resting ST-T depression , | 11 . II RR 19 50 


- CAD = coronary artery disease; ECG = electrocardiogram. 
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state within 6 months of the exercise studies. Left ventricu- 
ae lography was performed in a 30? right anterior oblique pro- 
_jection or in biplane right and left anterior oblique projections. 
"he contraction pattern was assessed qualitatively for wall 
on abnormalities; hypokinesia was defined as reduced 
motion, akinesia as absence of motion and dyskinesia as a 
jaradoxic systolic bulge. Selective coronary arteriography was 
jerformed in multiple projections; when indicated, special 
anial and caudal sagittal oblique projections were used. 
‘Significant c coronary artery disease was considered present 
- when there was 70 percent or more narrowing in the diameter 
c. ef one or more of the major coronary arteries (the left main, 
<- Jeft anterior descending, left circumflex or right coronary ar- 
| tery) or in one or more of the secondary branches of the left 
coronary system (marginal or posterolateral branches of the 
left circumflex artery and diagonal branches of the left ante- 
rior descending artery). Collateral channels were considered 
present when there was delayed opacification of a vessel be- 
| yond the site of narrowing or occlusion. The cine films were 
v reviewed independently by two cardiologists without prior 
dues knowledge of the results of exercise electrocardiography or 
t thallium i imaging. 
Phe consensus of the two observers was used in the analysis 
ux of the results of the exercise electrocardiograms and coronary 
angiograms. There was total agreement between the two ob- 
servers in the interpretation of the thallium-201 images in 60 
- of the 65 patients and disagreement on some minor points in 
(Ls. B. The independent interpretation of a third observer was 
-= sought in the latter cases and the final determination was 
made on the basis of agreement of two of the three ob- 
Servers. 
Definition of terms: The following definitions are used in 
the study: 


Sensitivity: 

\ .. * True positive 

| True positive + False negative 
Specificity: 






















X 100 


Nr True negative 
True negative + False positive 
: Predictive positive value: 
"True positive 
- v True positive + False Positive 
|o Predictive negative value: 
CORO ^. True negative - " 
ET True negative + False negative 
True positive: Patient with coronary artery disease and an 
abnormal thallium-201 exercise scan. 
d^ True negative: Patient with no coronary artery disease and 
anormal thallium-201 exercise scan. 
^. False positive: Patient with no coronary artery disease and 
jj : an abnormal thallium-201 exercise scan. 


ae False negative: Patient with coronary artery disease and 
a normal thallium-201 exercise scan. 




















Results 


og aphic findings (Table I): NN seven of 
patients had coronary artery disease. In 21 pa- 

3 ients, the disease involved one or more of the major 
; coronary arteries: one vessel in 8 patients, two vessels 
in 8 and three vessels in 5. In the remaining six patients, 
disease was limited to the secondary branches of the left 
coronary system. Collateral channels were present in 18 
- patients (67 percent). The left ventriculogram in pa- 
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tients with coronary artery disease was normal in 9 
tients but showed mild hypokinesia i in 13 patients 
segmental akinesia or dyskinesia in 5 patients. Oft 
27 patients with coronary artery disease 20 (74 perc 
had typical angina pectoris, 6 (22 percent) had atypic 
angina and 1 had no angina. The remaining 38 pati 
had no significant coronary artery disease; of these, or 
6 (16 percent) had typical angina, whereas 24 (63 pe 
cent) had atypical angina and 8 had no angina. 
Elec rocardiographic exercise test findings: . 
65 patients had an inconclusive exercise electrocardio 
gram because of submaximal exercise performed or S- 
segment abnormalities at rest. None of the patients witl 
S-'T abnormalities at rest had an additional 2 mm of | 
narina dal or downsloping S-T depression on exercise. 
Of the 35 patients whose exercise electrocardiogram was 
inconclusive because of submaximal stress, 20 (57 per- D 
cent) were receiving propranolol and 5 (14 percent) were | 
receiving cardiac glycosides; similarly, of the 30 patients - 
whose exercise electrocardiogram was inconclusive - 
because of resting S-T. abnormalities, 15 (50 percent) | 
were receiving propranolol and 7 (23 percent) werere- 
ceiving cardiac glycosides (difference not significant). 
Exercise thallium-201 imaging: Twenty of the 65 
patients had a positive exercise thallium-201 myocardial | 
imaging result. Of these, 19 (95 percent) had severe | 
coronary artery disease (Fig. 1 to 3). All 20 patients 
underwent a redistribution study, which showed partial _ 
or complete filling of the defects in each patient. Per- 
sistent but smaller defects in the delayed images were | 
observed in eight patients; three patients had akinetic 
or dyskinetic segments, three had hypokinetic segments 
and two had no wall motion abnormalities. The abnor- 
mal exercise images were present in 12 (75 percent) of | 
the 16 patients with an inadequate heart rate response 
during exercise and in 7 (64 percent) of the 11 patients 
with resting S-'T abnormalities (difference not signifi- 
cant). ; 
Fori y-five patients had normal findings on exercise. 
thallium-201 myocardial imaging. Thirty-seven (82. 
percent) of these patients had either completely normal: 
coronary angiograms (30 patients) or less than 50 per 
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FIGURE 1. Overall results of exercise thallium-201 (20T) myoce 
perfugion scintigraphy in 65 patients with an inconclusive 
electrocardiogram. Nineteen of 20 patients witha positive. {i 
thallium imaging result had coronary artery disease (CAD), : 
45 patients with a negative (normal) thallium imaging results 
di artery disease. . 
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ent narrowing of one vessel (7 patients) (Fig. 1). Of the 
. remaining eight patients, six had coronary artery disease 
-limited to the secondary branches of the left coronary 
_ system. (In four patients the disease was limited to the 
marginal branch of the left circumflex artery, and in two 
here was disease of a marginal branch plus a diagonal 
branch of the left anterior descending artery.) In con- 
- trast, all 19 patients with abnormal exercise images had 
| disease of the major coronary arteries. 

- — These data can be stated in a different way: Only 1 
_ of the 38 patients without coronary artery disease had 
.a positive exercise thallium-201 imaging result (speci- 
_ficity 97 percent). Of the 27 patients with coronary ar- 
_ tery disease, 19 had a positive imaging result (sensitivity 
-. 40 percent). Thallium-201 imaging predicted the correct 
-diagnosis in 56 (86 percent) of the total group of 65 pa- 
| tients with an inconclusive exercise electrocardiogram; 
it had a predictive positive value of 95 percent and a 
_ predictive negative value of 82 percent. 

_ Comparison of results with those of patients with 
_a conclusive treadmill exercise electrocardiogram: 
The results are similar to our experience in 123 patients 
(65 patients with and 58 without coronary artery dis- 
ease) with a conclusive (either positive or negative) 
treadmill exercise electrocardiogram (unpublished 
. data). In that series, 52 (80 percent) of the 65 patients 
-with coronary artery disease had abnormal exercise 
images and 56 (97 percent) of the 58 patients without 
coronary artery disease had normal exercise images. Of 
the 52 patients with abnormal exercise images and 
coronary artery disease 38 (73 percent) manifested 
perfusion abnormalities at a submaximal exercise heart 
rate; the exercise electrocardiogram was positive in 
these patients at a submaximal exercise heart rate. This 
finding is comparable with the results of the present 
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study, which showed that 12 (75 percent) of 16 patients 
with coronary artery disease manifested exercise-in- 
duced perfusion abnormalities at a submaximal heart 
rate; however, the exercise electrocardiograms in this 
latter group of patients failed to show ischemic S-T 
changes. | 

Thus, exercise thallium-201 imaging in the patients 
with a conclusive exercise electrocardiogram had a 
sensitivity of 80 percent, a specificity of 97 percent and 
an accuracy rate of 88 percent. In the total group of 123 
patients, the exercise electrocardiogram was positive in 
48 (74 percent) of the 65 patients with coronary artery 
disease and negative in 50 (86 percent) of the 58 patients 
without such disease. The exercise electrocardiogram 
in the 123 patients had a sensitivity of 74 percent, a 
specificity of 86 percent and an accuracy rate of 80 
percent. 


Discussion 


Causes of inconclusive treadmill exercise tests: 
Our findings suggest that treadmill exercise test results 
are inconclusive in 36 percent of all such tests performed 
at our institution. The two most common reasons were 
inadequate heart rate response (54 percent) (Fig. 2) and 
the presence of S-T depression in the electrocardiogram 
at rest (46 percent) (Fig. 3). 

Although S-T depression on exercise that is at least 
2 mm greater than that measured at rest has been re- 
ported to indicate a possible abnormal response, none 
of our patients with S-T depression at rest achieved an 
additional 2 mm of depression on exercise. Various 
cardiac and noncardiac medications are known to pro- 
duce S-T depression. Only seven patients with resting 
S-T depression in our study were receiving cardiac 
glycosides. Fifty-seven percent of the patients with an 





FIGURE 2. Exercise and delayed electrocardio- 
grams and thallium-201 myocardial perfusion 
scans in a 48 year old woman with chest pain and 
two vessel coronary artery disease. Electrocar- 
diographic lead Vs shows S-T segment depression 
at rest. The exercise electrocardiogram is in- 
conciusive because the maximal heart rate (HR) 
reached was only 116 beats/min. The target heart 
rate for this patient was 160 beats/min (85 percent 
of the predicted maximal rate). The thallium-20 1 
scan shows a perfusion defect in the anteroseptal 
region (arrows) during exercise. LAO - left an- 
terior oblique projection. 








. inadequate heart rate response were receiving pro- 
—. pranolol; however, half of the patients who achieved 85 
ae percent. of the maximal predicted heart rate but whose 












resting S- T depression were also receiving propranolol 
(difference not significant). The limiting factors in these 
... patients with inadequate heart rate response were leg 
_ weakness, general fatigue, shortness of breath and lack 
2 of motivation. 
— . Role of exercise thallium-201 myocardial i imag- 
— ing: This procedure was extremely useful in this group 
of 65 patients with an inconclusive exercise electrocar- 
- .'diogram. Of the 20 patients with abnormal images, 19 
: ehad severe coronary artery disease (70 percent or greater 
narrowing of one or more major coronary arteries) as 
determined with arteriography. Delayed images ob- 
tained in these patients showed persistent but small 
.. defects in eight patients. Residual defects were seen in 
<> the presence or absence of wall motion abnormalities, 
; finding i in agreement with our previous study." 
-False negative results with myocardial imaging: 
Of the 45 patients with normal findings on thallium-201 
imaging, 37 (82 percent) had normal coronary arterio- 
grams or less than 50 percent narrowing of one vessel. 
Thus, eight patients with normal exercise thallium-201 
images actually had coronary artery disease. Obstruc- 
tion of the coronary arteries was confined to secondary 
branches in six of these eight patients. Four patients 
with narrowing of an isolated marginal (or posterolat- 
eral) branch of the left circumflex system and two pa- 
tients with significant narrowing in a marginal branch 
l and a a diagonal branch of the left anterior descending 
t artéry. It appears that exercise thallium-201 imaging 
is not a sensitive detector of coronary artery disease 
involving secondary branches. We have previously re- 


FIGURE 3. Electrocardiograms at rest and 
during exercise and stress myocardial thal- 
fium-201, perfusion scans in a 53 year old man 
=o with chest pain and three vessel coronary ar- 
tery disease. Electrocardiographic lead Vs 
os. shows S-T- depression at rest. The exercise 

— ' @lectrocardiogram is inconclusive because of 
the absence of additional 2 mm S-T depres- 
sion. Myocardial uptake of thallium-201 at 
peak treadmill stress shows abnormal perfu- 
p sion in the anterior (ANT) and left anterior 
|... oblique (LAO) projections (arrows). HR = heart 
* . rate (beats/min). 
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exercise electrocardiogram was inconclusive because of 
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portediá that only 33 percent of patients with isolate 
coronary branch disease had abnormal results on thal 
lium imaging, probably because of a small ischemic are 
that was beyond the resolution of the scintillatioi 
camera. E 

One of the two remaining patients with dorna 
imaging results and coronary artery disease had triple | 
vessel disease but extensive collateralization. In the _ 
other patient, severe narrowing was noted in the mid c 
segment of the right coronary artery. CE 

In the one patient with abnormal findings on exerd 
thallium-201 myocardial imaging and normal coronary _ 
arteriographic results, a diminutive left anterior de- _ 
scending artery was noted (this vessel terminated about _ 
halfway down the anterior wall of the left ventricle). On _ 
coronary angiography there was an avascular area of the | 
myocardium near the apex, which corresponds to the 
region of perfusion abnormality in the exercise E 
scan.!? B 

Predictive value of exercise myocardial imaging: | 
In our study, exercise thallium-201 scintigraphy had à. - 
specificity of 97 percent, a sensitivity of 70 percent, a | 
predictive positive value of 95 percent and a predictive. 
negative value of 82 percent. With this technique, we. 
were able to predict the correct diagnosis in 56 (86 _ 
percent) of the 65 patients with an inconclusive exercise _ 
electrocardiogram. In such patients exercise thallium- 
201 imaging appears to be more reliable when the im- . 
ages are abnormal than when they are normal. This | 
conclusion is based on the higher specificity of the test _ 
in comparison with its sensitivity. Our results also _ 
suggest that the sensitivity and specificity of exercise . 
imaging are similar in patients with a conclusive andan . 
inconclusive exercise electrocardiogram. This finding | 
is in. pgreement with the results of McCarthy et al.’ and — 
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_ is of interest: Fifty-four percent of the exercise elec- 
. trocardiograms in our study were inconclusive because 
- only a submaximal work load had been performed. 


s . Our results are important in light of a previous study 


by McLaughlin et al.,?? who evaluated 12 patients with 
. coronary artery disease at two levels of exercise. They 
found that only 16 (53 percent) of 30 ischemic defects 


. present at maximal exercise were evident during light 


exercise. However, it is not clear from their study how 


|. many patients (rather than ischemic defects) did not 


"manifest any ischemic defects on light exercise. More- 

over, during experimental production of myocardial 
ischemia, the electrocardiographic abnormalities appear 
. later than the perfusion, metabolic and wall motion 
abnormalities. This fact, in combination with variations 


in the level of “light” exercise, may explain why 12 of our 


16 patients with coronary artery disease showed secin- 
. tigraphic abnormalities during submaximal exercise in 
. the absence of ischemic S-T changes. We concluded, 
- therefore, that light exercise is more likely to underes- 


_ timate the extent of myocardial ischemia than to detect 


: ischemia. 
_ Although all of our 19 patients with no coronary ar- 
_tery disease had normal exercise images at a submaxi- 


_mal heart rate, we still suggest caution in accepting a 


negative exercise scan at a suboptimal heart rate as clear 
evidence of the absence of myocardial ischemia. Further 
studies are needed to confirm our findings. 

The relatively low sensitivity of exercise thallium-201 
imaging in this selected population may be related in 
part to the inclusion of patients with disease in coronary 
arterial branches. In a previous study,!? we found that 
exercise thallium-201 imaging has a sensitivity of 88 
percent in pátients with 70 percent or greater narrowing 
of the major coronary vessels. McCarthy et al. also 
found that exercise thallium-201 imaging is useful in 
patients with inconclusive exercise electrocardiograms 
and that the values for sensitivity and specificity of 


exercise imaging are not statistically different from e 


those of treadmill exercise testing if only the conclusive 
(positive or negative) results are analyzed. Our experi- 
ence (unpublished data) supports this conclusion. 


Clinical Implications 


We believe that thallium-201 imaging is valuable in 
screening patients with an inconclusive exercise elec- 
trocardiogram for coronary heart disease. The high 
specificity and predictive accuracy of this noninvasive 
method could reduce the need for coronary arteriogra- 
phy in such patients. 
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A prospective study of hypertension first appearing during and after sa- ao 
phenous vein bypass coronary surgery was performed in 28 patients to 
examine the incidence, hemodynamics and mechanism of this problem. _ 
In 15 patients (54 percent) new hypertension developed (mean arterial - - 
pressure greater than 107 mm Hg), characterized by increased peripheral _ 
vascular resistance and unchanged cardiac output within 1 hour after 
surgery. These 15 patients had a longer history of angina of greater se- E 
verity, but also had relatively well preserved ventricular myocardium. | : 
Because plasma renin activity was depressed in patients in the hyper- 
tensive group, activation of the renin-angiotensin system was not important 
in the pathogenesis of this postoperative hypertension. The expected 
decrease in total peripheral resistance at the onset of cardiopulmonary 
bypass was observed in all patients, but later during bypass the peripheral 
resistance increased in all patients in association with a rise in plasma 
epinephrine levels. Patients who had hypertension postoperatively had — 
a greater increase in arterial pressure and total peripheral resistance _ 
during cardiopulmonary bypass than did those with normal postoperative _ 
blood pressure. An elevation in plasma epinephrine and norepinephrine _ 
concentration, suggesting enhanced sympathoadrenal responsiveness | 
to the challenge of cardiopulmonary bypass, was characteristic of the | 
hypertensive group. This evidence of enhanced sympathetic activity during | 
surgery may be a useful predictor of the development of postoperative : 
hypertension. i 


Hypertension after coronary bypass surgery has been characterized by. 
an increase in total peripheral resistance with normal cardiac output. ? - 
Both the renin-angiotensin system?-? and the sympathetic nervous 

system 2^ can cause vasoconstriction and have been suggested as pri- — 
mary mediators of the postoperative increase in total peripheral resis- 
tance, The purpose of this prospective study was to establish the inci- 

dence of postoperative hypertension in patients undergoing coronary - 
bypass surgery, to determine whether there are useful predictors of this - 
hypertension and to examine the mechanism of postoperative hyper- . 
tension in relation to hemodynam.c changes, the renin-angioténsin axis : 
and the sympathoadrenal system. ^—owed 


Methods 


P atients: Twenty-eight patients scheduled for elective coronary byp d 







Surgical protocol: Ra ial arterial and central venous pressure cathete 


inserte 1 before anesthesia. After sternotomy, rightand left atrial pre: 
measured with small polyvinyl catheters that were left in place for a 
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-. hours after operation. The cardiopulmonary bypass pump was 
. primed with Normosol R® (1,000 cc) and a solution (1,000 cc) 
'. of 5 percent dextrose and 45 percent saline. Reverse saphenous 
vein bypass surgery was performed under moderate systemic 
. hypothermia during a single period of hypothermic ischemic 
. arrest on cardiopulmonary bypass. 
/'" J Premedication with diazepam, morphine sulfate and sco- 
<. polamine was given 1 hour before surgery. Anesthesia was 
-induced with diazepam (0.5 mg/kg) and maintained with a 
. mixture of 50 percent nitrous oxide and 50 percent Oxygen, 
.. pancuronium (0.1 mg/kg), fentanyl (up to 10 ug/kg) and hal- 
= othane (0 to 1 percent). Before cardiopulmonary bypass, the 
halothane dosage was adjusted to maintain the heart rate, 
< systolic pressure and the heart rate-pressure product within 
-< 30 percent of control values. During cardiopulmonary bypass, 
-systemic hypotension was not treated unless the mean arterial 
“pressure was persistently less than 50 mm Hg at a pump flow 
- of 2.2 liters/min per m?. If mean arterial pressure increased 
«to 100 mm Hg at 1.6 liters/min per m?, then either flow was 
: reduced or halothane was administered. Halothane was not 
- routinely administered during cardiopulmonary bypass. After 
~ cardiopulmonary bypass, systolic arterial pressure of less than 
- 80mm. Hg was treated with an intravenous bolus injection of 
< & mg of ephedrine or 100 mg of calcium chloride. 
.. Postoperative protocol: After operation, patients were 
. monitored in the cardiac surgery intensive care unit. Respi- 
- ration was assisted by an intermittent mandatory ventilation 
- volume cycle respirator to maintain normal arterial blood 
. gases. Patients were sedated with morphine sulfate as needed 
< to relieve pain. Care was taken that all patients were ade- 
quately sedated and free of remediable respiratory difficulties 
before a diagnosis of postoperative hypertension was made. 
< The cardiac surgery intensive care unit provided on-line 
. computer measurement and treatment facilities? that allowed 
- standardized care for all patients. Blood pressure, left and 
- right atrial pressure, heart rate and body temperature were 
- recorded at 5 minute intervals. Blood or albumin was ad- 
-ministered by computer to maintain left atrial pressure at 8 
mm Hg in all patients. 
~ Plasma renin activity and catecholamines: Samples of 
blood for measurement of plasma renin activity, epinephrine, 
< norepinephrine, arterial blood gases, hemoglobin, sodium and 
. potassium were taken (1) before induction of anesthesia, (2) 
immediately after sternotomy, (3) 5 minutes after the start 
of cardiopulmonary bypass, (4) before release of the aortic 
cross clamp near termination of cardiopulmonary bypass, (5) 
- at the time of closure of the sternum, and (6) 1 hour after the 







TABLE! 
i Preoperative Clinical Characteristics 


^*^ 








Nonhyper- 
tensive Hypertensive. p 





- Patients Patients Value 
ge (yr) 5442 58 + 2 NS 
SA (m?) 1.96 + 0.07 1.96 +0.05 NS 

"Angina | 

^ Duration (mo) 2147 45+16 NS 

zo Class Hil or IV (n) 3 of 13 11of 15 J «0.06 
-. Normal left ventriculogram (n) 3 of 13 9of 15 «0.05 
Propranolol therapy (n) 6 of 13 100f 15 NS 
“History of hypertension (n) 2 of 13 60f 15 NS 

. History of myocardial 9 of 13 7of 15 NS 


infarction (n) 


: J BSA = body surface area; n = number of patients; NS = not signif- 
„icant; p = probability. * 
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patient’s arrival in the cardiac surgery intensive care unit, 
when the first measurement of cardiac index was obtained. 
Plasma renin activity was measured in all patients with ra- 
dioimmunoassay techniques,’ and plasma epinephrine and 
norepinephrine were measured in the last 21 patients with a 
modification of the radioenzymatic method of Passon and 
Peuler.8 

Hypertension: Hypertensive patients were defined as those 
in whom a mean arterial pressure greater than 107 mm Hg 
developed in the cardiac surgery intensive care unit. Patients 
were observed during the 1st hour without antihypertensive 
intervention unless blood pressure exceeded 175/110 mm Hg. 
After 1 hour in the unit, or before antihypertensive therapy 
was begun, a cardiac index was measured in duplicate using 
the green dye-dilution technique, with dye flowing from the 
left atrium to the radial artery. ° 

Statistical analyses: Analyses comparing the hypertensive 
and nonhypertensive patients at specific time periods were 
performed using Student's t test and data are reported as 
mean t standard error of the mean. Discriminant analysis and 
linear regression techniques? were used to evaluate the pre- 
dictive value of the following preoperative variables in relation 
to postoperative hypertension: history of hypertension, use 
of antihypertensive medication, propranolol therapy, severity 
of angina (Canadian Heart Association classification), dura- 
tion of angina, number of saphenous vein bypass grafts in- 
serted, number of previous myocardial infarctions and pres- 
ence of a normal left ventriculogram. Left ventricular function 
was evaluated by at least single plane angiography in all pa- 
tients. Correlation coefficients were determined for mean 
arterial pressure versus plasma epinephrine, norepinephrine 
and renin activity. 


Results 


Fifteen (54 percent) of the 28 patients had a mean 
arterial pressure greater than 107 mm Hg during nee a d 
hour in the cardiac surgery intensive care unit, and 
another patient became hypertensive shortly thereafter. 
Four of these patients were severely hypertensive (mean 
arterial pressure greater than 130 mm Hg) soon after 
arriving in the unit. No patient became hypertensive 
while in the operating room after cardiopulmonary 
bypass. 

Preoperative measurements: Analysis of preop- 
erative data revealed no significant differences between 
the postoperatively hypertensive and nonhypertensive 
patients with regard to age, sex, body surface area or 
history of myocardial infarction, diabetes mellitus and 
hypertension (Table I). Preoperative treatments, in- 
cluding administration of antihypertensive medications _ 
and propranolol, were similar in the two groups. Pa- 
tients who became hypertensive postoperatively tended 
to have a history of more severe angina (class III or IV) 
than those who were nonhypertensive (11 of 15 versus 
3 of 13 patients, p «0.06). Hypertensive patients also 
tended to have a longer mean duration of angina than 
those in the nonhypertensive group (45 + 16 versus 21 
t 7 months), although this difference was not statisti- 
cally significant. | 

Normal left ventriculograms were more common in 
patients in the hypertensive group (9 of 15 versus 3 of 
13 patients, p <0.05). The three patients who had sig- 
nificant (greater than 50 percent) left main coronary 
arterial stenosis were hypertensive postoperatively. Left 






















anterior descending coronary arterial stenosis was 
: present i in every patient. There was no difference be- 
pu tween the two groups regarding single, double or triple 
el disease. In particular, stenoses in the proximal 
of the left anterior descending and the left 
flex arteries occurred in both nonhypertensive 
iypertensive patients with equal frequency. : 
f all the. preoperative factors analyzed, four proved 
of most value in predicting which patients would have 
- postoperative hypertension: the severity of angina, the 
tion of angina, the number of saphenous vein by- 
ass grafts and the presence of a normal left ventricu- 
logram. The discriminant function based on these four 
. yariables yielded two false positive and two false nega- 
- tive results for a specificity of 83 percent and a sensi- 
tivity of 88 percent. 

Intraoperative hemodynamic measurements: 
. Before cardiopulmonary bypass, systemic arterial blood 
_ pressure was labile. Peak systolic blood pressure oc- 
curred with endotracheal intubation; 16 patients had 
_a systolic pressure greater than 160 mm Hg for brief 
Dd: (less than 5 minutes). This pressure usually 
-responded to an increased dose of halothane. Hyper- 
tension with intubation was not predictive of postop- 

-erative hypertension; 7 of 16 patients who had hyper- 
` tension during endotracheal intubation were not hy- 

— pertensive postoperatively. 
-.. Cardiopulmonary bypass was associated with a 
profound decrease in systemic arterial pressure in all 
patients (Fig. 1). Five minutes after the onset of car- 
diopulmonary bypass, mean arterial pressure and total 
. peripheral resistance were significantly greater in pa- 
who had postoperative hypertension (Fig. 1, 
Table ID. During cardiopulmonary bypass, mean ar- 
terial pressure and total peripheral resistance increased 
in all patients, but to significantly higher levels i in the 
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IGURE i Changes i in mean arterial pressure (MAP) during and after 
phenous vein bypass surgery in patients with (broken line) and without 
: (unbroken line) postoperative hypertension. C = contro! values before 
anesthesia; CICU = cardiac surgery intensive care unit; CP = cardio- 
pulmonary; Finish = before release of aortic cross clamp immediately 
- before discontinuation of cardiopulmonary bypass; n = number; p = 
P prone Start = 5 minutes after start of cardiopulmonary bypass. 
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patients with postoperative hypertension (p «0.001 
The hypertensive patients had more grafts (four and 
five saphenous vein grafts) as well as slightly long 
aortic cross-clamp and cardiopulmonary bypass time 
(Table ID. Independently, there was no significa 
correlation between postoperative hypertension and 
either aor ic cross-clamp time or total cardiopulmonary 


8.2 g/ 100 nl) and systemic hypothermia (30 to 31° í 
during bypass was similar in both study groups. In 
mediately after discontinuation of cardiopulmona 
bypass, systolic blood pressure increased to greater than 
90 mm Hg i in all but six patients, who were treated with 
either an intravenous bolus injection of ephedrine (5. 
mg) or calcium chloride (0.5 mg/kg). Further supportive - 
measures were not required, and all patients remained | 
normotensive for the duration of the operation. | 
Immediately before leaving the operating room, the. 
patients with postoperative hypertension had asignif- — 
icantly higher blood pressure level (hypertensive group = 
119/67 mm Hg, mean 86 versus nonhypertensive group 
106/59 mm Hg, mean 76; p <0.05). Right and left atrial . 
pressures, urinary output, amount of crystalloid solution — 
infused, hemoglobin and arterial blood gases were noto 
significantly different in the two groups. v 
Postoperative hemodynamic measurements: _ 
Mean arterial pressures in the two groups were signifi 
cantly different on the patients’ arrival in the cardiac _ 
surgery intensive care unit (Fig. 1). Four patients had 
marked systolic hypertension (greater than 175 mm Hg) 
soon after arrival in the recovery room, and treatment — . 
was initiated immediately after measurement of cardiac |. 
index. < E 
Nonhypertensive and hypertensive patients had 
similar cardiac indexes and stroke volumes but mark- 
edly different total peripheral vascular resistances (p 
«0.001) (Table III). Right and left atrial pressures, 
temperature (34° C), hemoglobin (12 g/100 ml) and. .- 














TABLE u 
Intraoperative Hemodynamics 
 Nonhyper- 
tensive Hypertensive 
Patients Patients alt 
5712  68t65 «0.07 
30 +9 3713 , «0.10 
28402 35403 " «005 
2 of 13 9ofi5 X «0.02 
30 +2 38 +3 «0.05 
514 7546 «0.00 
155 1 1941 — «005 
27 X2 403 «0.00: 








Bypass time — duration. of cardiopulmonary bypass; bypass gr 
= saphenous vein bypass grafts; cross-clamp time = duration of 
cross clamping during cardiopulmonary bypass. MAP = mean a 
= probability; TPR = total peripheral resistance. ; 
mp flow/m?). 
6 minutes after onset of arie bypass) 3 

















TABLE Ill 


Postoperative Hemodynamics NS 








Nonhyper- E 
tensive Hypertensive D 

| Patients Patients Value 
AAP (mm Hg) 95 +2 12713 «0.001 
TT (135/72) (167/97) 
j| (liters/min per m?) 2.38 + 0.12 2.47 £0.15 NS 
V. (cc/min) 53 i4 524 NS 

P imm 7.7 X: 0.4 9.74 1.5 NS 





. arterial blood gases were similar in the two groups. 
__ Atrial pacing was routinely initiated in any patient with 
.. a/ spontaneous sinus rate of less than 80 beats/min. 
_ Therefore, analysis of spontaneous heart rate could not 
_ be meaningfully performed. 

v Hypertensive patients were all treated successfully 
- with intravenous nitroprusside by computer!9 to 
. maintain mean arterial pressure at 100 mm Hg. The 
. mean duration of therapy was 6 hours, although one 
. patient also required continued antihypertensive 
. medication on the 1st postoperative day. All patients 
| were normotensive without medication for the re- 
mainder of their hospitalization. Postoperative enzyme 
.. determinations and electrocardiograms did not identify 
..8 postoperative myocardial infarction in any patient 
.. (serum glutamic oxaloacetic transaminase on postop- 
.. erative day 1: nonhypertensive patients 53 + 6 versus 
- hypertensive patients 59 + 6 IU/liter; difference not 
significant). 

-=> Plasma renin activity and catecholamines: Serial 
¿determinations of plasma renin activity revealed that 
-patients who remained normotensive after operation 
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. FIGURE 2. Changes in plasma renin activity (PRA) during and after 
= Saphenous vein bypass surgery in patients with and without postoper- 
-< ative hypertension. Symbols and abbreviations as in Figure 1. 
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tended to have higher levels throughout the study than 
did those who had hypertension, but this difference was 


not statistically significant (Fig. 2). Plasma renin ac- ` 


tivity increased at the onset of cardiopulmonary bypass - | 
in both groups, but this change was statistically signif- 
icant only in the nonhypertensive group (p «0.01). 
Plasma renin activity changed very little during car- 


diopulmonary bypass in most patients, despite the very 


decreased and nonpulsatile arterial pressure. After 
cardiopulmonary bypass, plasma renin activity de- 
creased significantly in both groups (p «0.05) and ap- 
proached prebypass levels. m | 

Plasma epinephrine levels were similar in the periods 


before cardiopulmonary bypass in both groups of pa, 


tients (Fig. 3). With the onset of cardiopulmonary by- 
pass, plasma epinephrine increased in both groups, but 
to a higher level in the hypertensive patients. During 
bypass, plasma epinephrine levels continued to rise. 
This was most strikingly observed in one patient whose 
bypass time was prolonged and whose epinephrine level 
reached 5,736 pg/ml. After cardiopulmonary bypass, 
plasma epinephrine levels decreased. After the patients 
had spent 1 hour in the cardiac surgery intensive care 
unit, plasma epinephrine levels were significantly higher 
(p <0.001) than control values before cardiopulmonary 
bypass in the hypertensive group only. There was no 
significant difference between plasma epinephrine 
levels in the two groups at that time. 

Plasma norepinephrine levels were significantly 
different in nonhypertensive and hypertensive groups 
both during cardiopulmonary bypass and in the cardiac 
surgery intensive care unit (Fig. 4). Before cardiopul- 
monary bypass, the two groups had similar le 
plasma norepinephrine. In. hypertensive patients, 
plasma norepinephrine increased (p «0.01) within 5 
minutes of onset of cardiopulmonary bypass, whereas 
there was little change in the nonhypertensive patients. 
During cardiopulmonary bypass, plasma norepineph- 


PLASMA EPINEPHRINE 


Epi pg/mi 


ame om 
Wm 
pu 


oy Jin s 10) 








CP. Bypass 
rrr 





b Start a — finish į Arrive 
Ches! open Closed 


ist Hour 


FIGURE 3. Changes in plasma epinephrine (EPi) during and after Sa- T 
phenous vein bypass surgery in patients with and without postoperative — 


hypertension. One patient is excluded (see text). Symbols and abbre- 
viations as in Figure 1. B 
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:0.52,p P 03) in rall patients po After 1 hour’ in a the 
intensive . care unit, plasma norepinephrine i in normo- 
“tensive patients decreased slightly and in hypertensive 
patients increased by approximately 50 percent, at- 
taining levels higher than control values before car- 
; diopulmonary bypass (p «0.01) and significantly higher 
than simultaneous levels in the normotensive group (p 
_ 0.01). At this time, there was a positive correlation 
- between mean arterial blood pressure and both plasma 
epinephrine (r = 0.59, p «0.01; Fig. 5) and norepi- 
 Bephrire (r = 0.58, p «0.01; Fig. 6). There was no cor- 
relation between plasma renin and blood pressure. 


Discussion 


d Hypertension developed in more than 50 percent of 
our patients within 1 hour after saphenous vein hypass 
surgery. The incidence and time of onset of this hy- 
pertension are consistent with previous reports. 1411.12 
_ Hemodynamic studies confirmed that both systolic and 
. diastolic blood pressures were increased in these. pa- 

. Cardiac index remained unchanged and therefore 
calculated total peripheral resistance was increased. 
Circulating epinephrine and norepinephrine levels were 

F < elevated in the hypertensive patients, suggesting en- 
- hanced activity of the sympathetic nervous system. 
. Postoperative hypertension required treatment for only 
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FIGURE : 5. Regt ion analysis comparing mean arterial pressure (MAP) 

-with plasma epinephrine concentration for all patients studied after 1 

| .hour in. the intensive care unit. p = probability; r = correlation coeffi- 
. cient. 
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FIGURE A | changes in plasma norepinephrine (NE) during and after ; d 
saphenous vein bypass surgery in patients with and without postoper- 
ative hypertension. One patient is excluded (see text). Symbols and E 
abbreviations as in Fi Figure 1. DA 





a few hours after surgery, and most patients remained P 
normotensive thereafter. 2 

Preoperative predictive factors: Four factors ap- s 
peared to be useful in predicting which patients were v 
more likely to have hypertension in the period imme- 
diately after coronary bypass surgery: the severity of | 
preoperative angina and its duration, the number of | 
saphenous vein grafts needed and the presence ofa- 
normal left ventriculogram. Our observations suggest _ 
that patients with severe angina of prolonged duration - 
but with well preserved ventricular myocardium and . 
coronary anatomy suitable for multiple (more than 
three) saphenous vein bypass grafts tend to become 
hypertensive postoperatively. We did not find that . 
preoperative hypertension correlated with postopera- __ 
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FIGURE 6. Regression analysis comparing mean. arterial pressur 
with plasma norepinephrine concentration for all patients stud 
1 hour n the intensive care unit. Abbreviations as in Me 5 














. tive elevation of blood pressure, and this observation 
< is consistent with a previous report.!! Although other 


.. investigators? linked preoperative hypertension, par 
_ ticularly when associated with left main coronary artery 


. disease, with an increased incidence of postoperative 

-' hypertension, they found no correlation between the 
latter and severity of angina, left ventricular contraction 

ibnormalities or the number of coronary arterial bypass 
fts. : 


Relation between hemodynamic and humoral 


... factors: The relation between the hemodynamic and 
.. humoral changes observed during cardiopulmonary 


_ bypass and the emergence of hypertension after sa- 


.. phenous vein bypass surgery is not well defined. Our 
.. Study demonstrates that patients who have hyperten- 
. sion after saphenous vein bypass surgery respond to 


cardiopulmonary bypass differently from nonhyper- 
tensive patients. A sharp decrease in systemic arterial 


_ blood pressure with the onset of cardiopulmonary by- 
.. pass is expected!’ and occurred in all of our patients. 
.-.: However, the patients who had hypertension postop- 
-= eratively had higher values for mean arterial pressure 
and total peripheral resistance than did the nonhyp- 
ertensive group at the onset of cardiopulmonary bypass. 
. After 5 minutes of bypass, patients who subsequently 
: had postoperative hypertension had an elevated plasma 
-norepinephrine level, whereas in normotensive patients 
.. the plasma norepinephrine level was unchanged. In 
. contrast, plasma epinephrine increased to a similar 
-extent with the onset of cardiopulmonary bypass in both 
_ hypertensive and nonhypertensive patients. The data 
.. Suggest increased sympathoadrenal responsiveness to 
_ the challenge of cardiopulmonary bypass in the hy- 
‘pertensive group. This index of enhanced sympathetic 
. activity in the hypertensive group may provide a prog- 
. nostic sign for the development of postoperative hy- 
. pertension. | 
.: Role of plasma renin activity and activation of 
- renin-angiotensin system: A modest increase in 
. plasma renin activity was observed in both hypertensive 
and nonhypertensive patients after 5 minutes on car- 
diopulmonary bypass. There was little change in renin 
levels in either group during the subsequent course of 
. bypass. This finding and the observation that plasma 
. renin activity was greater in nonhypertensive than in 
hypertensive patients throughout the study are not 
compatible with the notion that the increased total 
¿peripheral resistance observed during cardiopulmonary 
. bypass fn patients with postoperative hypertension 
| might "be due to activation of the renin-angiotensin 
~ system. In addition, there was no correlation between 
=- postoperative blood pressure and plasma renin levels. 
; These data do not permit us to relate postoperative 
:: hypertension to enhanced activity of the renin-angio- 
- tensin system. Other investigators have reported that 
_ plasma renin activity decreased!4 or that angiotensin 
- 1l was increased? at the onset of cardiopulmonary by- 
-< pass. Comparison between our study and these reports 
. ls difficult because of differences in cardiac diagnosis 
. of the patients, variable use of hypothermia and nor- 
. mothermia with cardiopulmonary bypass and major 








differences in anesthetic technique, including pre- 
medication with large dose steroids. Previous studies? 
further suggested that the renin-angiotensin system is 
an important mediator of the increased vascular resis- 
tance observed in patients with postoperative hyper- . 
tension. The apparent inconsistency between these 
studies and our study may be related to their inclusion 
of patients with valvular heart disease, whose volume 
status? and hemodynamic performance may be dif- 
ferent from those of patients with ischemic heart dis- 
ease. Volume repletion by a computer-controlled system 
in our study may also have contributed to the absence 
of higher postoperative renin levels. 

Plasma norepinephrine levels and activation of 
the sympathetic nervous system: The finding that 
plasma norepinephrine levels were increased signifi- 
cantly after operation in the hypertensive but not in the 
nonhypertensive patients suggests that the sympathetic 
nervous system may be a mediator of postoperative 
hypertension. Plasma epinephrine levels tended to be 
higher in hypertensive than in nonhypertensive patients 
after operation, but the difference between groups was 
not statistically significant. Only in the hypertensive 
group were plasma epinephrine levels significantly el- 
evated above the levels before cardiopulmonary bypass. 
However, the postoperative mean arterial pressure 
correlated with both plasma norepinephrine and epi- 
nephrine levels. These findings confirm the observa- 
tions of Roberts et al.4 and Fouad et al.,!2 who previ- 
ously suggested that the hypertension that follows 
coronary bypass surgery may be related to activation 
of the sympathetic nervous system. 

Role and mechanism of increased sympathaticn / 
activity: The pathophysiologic mechanism of increased 
sympathetic activity in patients who have hypertension 
after saphenous vein bypass surgery is uncertain. The 
cardiogenic hypertensive chemoreflex described by 
James et al!9 offers the attractive hypothesis that 
platelet aggregates on coronary atherosclerotic plaques 
in the proximal left coronary arterial system could re- 
leasé serotonin and trigger a hypertensive response. 
However, analysis of coronary arteriograms in our study 
revealed no differences in the incidence of proximal left 
coronary disease in the hypertensive and nonhyper- 
tensive patients. Spinal sympathetic reflexes arising 
from coronary arterial receptors as demonstrated by 
Brown and Malliani!” provide an alternative hypothesis. 
Chronic hypovolemia associated with ischemic heart 
disease!*!? may link the vasomotor instability and in- 
creased sympathetic nerve activity observed in post- 
operatively hypertensive patients. Our study suggests 
that increases in catecholamines and total peripheral 
resistance during cardiopulmonary bypass presage 
similar postoperative responses in the hypertensive 
group. This increased sympathetic response may be 
more common in patients with severe, long-standing 
angina and well preserved left ventricular function. The 
pathophysiologic role of the sympathetic nervous Sys- 
tem in the control of blood pressure during and after 
saphenous vein bypass surgery deserves further inves- 
tigation. 
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_ Early Results With Composite Strut Cag 


_ valve prostheses and 350 model 2400/10 aortic valve prostheses were implanted 
at the University or Oregon Health Sciences Center, Portland, Oregon; the 


UniyÉrsity of Oregon Health Sciences Center, Tucson Medical Center, Tucson, Arizona; and Mercy Hospital, San Diego, 


. Address for reprints: Albert Starr, MD, Univer- - selection has primarily been based on size, the track valve being reserved for 





Ball Prostheses 


The Starr-Edwards model 6400/10 mitral and 2400/10 aortic valve 
prostheses incorporate metallic tracks on the inner aspects of cloth- 
covered struts in an attempt to preserve the favorable thromboembolic 
performance of cloth-covered valves while avoiding the risk of cloth wear. 
Two hundred seventy operative survivors of mitral valve replacement with* 
the model 6400/10 prosthesis, all on continuous anticoagulant therapy, 
have been followed up for a mean period of 2.3 (maximal 6) years. The - 
late survival rate is 91 percent and the removal-free rate is 94 percent 
at 5 years. The rate of embolism (mean + standard error of the mean) 
is 4.6 + 0.9 percent per patient-year. Significant bleeding complications 
occurred at a rate of 1.0 3: 0.2 percent per patient-year; there were no 
deaths. | | 

. Two hundred forty operative survivors of aortic valve replacement with 
a model 2400/10 prosthesis, all on continuous anticoagulant therapy, have 
been followed up for a mean of 2.0 (maximal 7) years. The 5 year survival 
rate is 84 percent and the removal-free rate is 98 percent. Embolism 
occurred at a rate of 3.3 + 0.8 percent per patient-year. Hemorrhagic 
complications occurred at a rate of 2.1 + 0.6 percent per patient-year; 
there were three fatalities. 

. Cloth wear and hemolysis have not been significant problems with this 
prosthesis, and the rates of thromboembolism are comparable with those 
reported for xenograft bioprostheses. The composite strut (track) valve 
prosthesis is a durable alternative to tissue valves in patients who are ep d. 
to tolerate anticoagulant therapy. | 


The Starr-Edwards model 6400/10 mitral (Fig. 1) and 2400/10 aortic (Fig. 
2) valve prostheses, introduced in 1972, are the most recent additions 
to a series of caged ball prostheses that date to the earliest days of cardiac 
valve replacement. They represent an attempt to preserve the favorable 
thromboembolic performance of cloth-covered valves while avoiding the 
risk of cloth wear. This report reviews our experience with these pros- 
theses since 1972. | 









| Methods | | 
Patients: From April 1972 to October 1979, a total of 282 model 6400/10 mitral . . 


California. These prostheses incorporate metallic tracks on the inner aspects 
of their cloth-covered struts. The ball is composed of hollow Stellite9. In the 
current configuration, the orifice cloth is a lock-stitch run-resistant Dacron* 
fabric protected by metallic studs to eliminate the potential for orifice cloth 
wear. ME rs 

The clinical characteristics of the patients discharged on anticoagulant 
therapy are listed in Table I. All patients underwent replacement of a single 
valve, although other concomitant procedures were common. Since 197 4, valve 


patients with a larger valve orifice (equal to or greater than 30 mm mitral or 25 
mm aortic). Before 1978, most replacements were accomplished using cardio- 
pulmonary bypass with moderate systemic hypothermia (30? C), supplemented 
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Aortic Mitral 
BEENDEN 
Operative survivors (n) 240 270 

Male/female ratio 6:1 2:3 
"^ Mean age (yr) 57.8 54.6 
uoc Mean valve size (mm) 25 | 30 
- Associated procedures (96) 
— Aortocoronary bypass 33 15 
^ . Valve reparative 2 9 
: "Total follow-up 515 613 
. . (patient-yr) 
Follow-up (yr) 
Mean — 2.0 2.3 
Maximal 7 6 


«FIGURE 1. The composite strut (track) mitral valve prosthesis. 


with continuous coronary perfusion for aortic valve replace- 
ment. Recently, systemic hypothermia (30° C) with cold po- 
tassium cardioplegia (4° C) has been used. 

Follow-up: The patients were followed up with yearly 
questionnaires; telephone contact was used when question- 
naires were not returned or when a complication was sus- 
pected. Seventy-four percent of patients with model 6400/10 
and 84 percent of patients with model 2400/10 were accounted 
for during the 18 month period ending in October 1979, re- 
flecting in part a highly mobile patient population from three 
disparate medical centers. The actuarial method was used to 
compute survival and embolism-free curves.! 


Results 


— Aortic valve replacement: Twenty-three (7 per- 
cent) of 350 patients died from events causally or tem- 


porally (less than 30 days) related to valve replacement 

with the model 2400/10 aortic prosthesis. Two hundred 

forty patients were discharged on continuous antico- 

X. agulant therapy. Four of 25 late deaths (16 percent) 

— were valve-related (Table ID. 'The survival tate at 5 

.. years (mean + standard error of the mean) is 84 + 3.3 
. v percent (Fig. 3). 


TABLE 1 


Clinical Features of Patients Undergoing Valve 
Replacement With the Track Valve Prosthesis 
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FIGURE $. The composite strut (track) aortic valve prosthesis. 


Five aortic valve prostheses required replacement 
during the follow-up period, all during the Ist year. _ 
Three prostheses were removed for prosthetic infection _ 
and two for perivalvular leak. The removal-free rate was __ 
98 + 1 percent at 5 years. ud 

There were 17 instances of embolism (3 fatal, 10 with 
residual neurologic deficit, 4 transient) in 14 patients. — 
The rates of embolism were 3.3 +0.8 percent per pa- P 
tient-year for all emboli and 2.5 + 0.7 percent per pa- s 
tient-year for serious emboli (Fig. 4). Hemorrhagic 
complications (gastrointestinal, cerebral or hemar- . 
throsis) occurred at a rate of 2.1 + 0.6 percent per pa- 
tient-vear; there were three deaths. 

Mitral valve replacement: Twelve (4 percent) of | 
282 patients undergoing mitral valve replacement died 
from events causally or temporally (less than 30 days) 
related to surgery. One (7 percent) of 15 late deaths was 
valve-related (Table II). The late survival rate at 5 years 
is 91 + 3 percent (Fig. 3). 

Four mitral valve prostheses required replacement, — 
two for prosthetic infection, one for thrombotic stenosis 
and one for recurrent embolism. The removal-free rate 
at 5 years is 94 + 3 percent. : 

There were 28 thromboembolic events (none fatal, . 
13 residual, 15 transient) in 26 patients for a rate of — 
embolism of 4.6 & 0.9 percent per patient-year forall- 
emboli and 2.1 + 0.6 percent per patient-year for serious 


TABLE il mne 
Causes of Late Death in Patients With a Track 
Valve Prosthesis 


Aortic Mitral 


4 (1696) 
5 (2096) 
5 (2096) 
4 (1696) 
12 (48%) 
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__ FIGURE 3. Actuarial late survival curves for mitral and aortic composite 
Strut prostheses; operative survivors only. N = number; S.E. = standard 
=: error of the mean. | 
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_ emboli, The actuarial embolus-free rate at 5 years is 88 
. & 2 percent (Fig. 4). All patients were on continuous 
.. anticoagulant therapy. Significant bleeding complica- 
«tions occurred at a rate of 1.0 + 0.2 percent per pa- 
_ tient-year; there were no deaths. 


Discussion 


^. The first clinically successful cardiac valve prostheses 
-Were of caged ball design. The efficacy and durability 
of these prostheses have been documented up to 15 
. years after implantation.? The major drawback to these 
-and all other valve prostheses developed to date has 
. been the formation of thrombus on the valve, with a 
. significant incidence of peripheral embolization. 
. Modifications of the original ball valve prosthesis, as 
... well as the introduction of other prostheses of different 
. design, have not been totally successful in eliminating 
.. the problem. The introduction of cloth covering of the 
.. orifice and struts effected a significant decrease in the 
. incidence of thromboembolism.?4 However, cloth tear 
. leading to hemolysis or embolism dampened enthusi- 
. asm for this innovation, particularly when the prosthesis 
_ was in the aortic position where the cloth was subjected 
. to greater shear forces. 

Role of anticoagulant therapy: The Starr-Edwards 
. composite strut (track) prostheses were designed to 
. retain the proved effectiveness and durability of the 
.. caged ball prosthesis while minimizing problems related 
__ to thromboembolism and cloth wear. We had initially 


- hoped that this design modification would also elimi- - 


- nate the necessity for continuous anticoagulant therapy. 
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FIGURE 5. Actuarial embolus-free curves for two models of mitral ball 
, valve prosthesis. $ e 










90 Oro e mee 0 C72 Éoccc-À 
88% 


co 
e 


O Mitral 6400/10 (N= 270) 
9 Aortic 2400/10 (N= 240) 


rst 


| 2 3 4 5 
Years 
FIGURE 4. Actuarial embolus-free curves for mitral and aortic com- 
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However, this latter goal was not realized, because it 
soon became obvious that patients who did not receive 
anticoagulant therapy experienced greater morbidity 
and mortality. We therefore recommend that all pa- 
tients with ball valve prostheses, regardless of design, 
receive continuous anticoagulant therapy in the absence 
of an overriding contraindication. Anticoagulation can 
be stopped with low risk for brief periods of time in the 
event of major trauma or surgery. 


Incidence of thromboembolism: Has the composite - 


strut prosthesis maintained the thromboembolic pro- 
tection of cloth covering while eliminating the risk of 
cloth wear? Embolus-free curves of patients undergoing 
mitral and aortic valve replacement at this institution 
with totally cloth-covered (models 6310/20 and 2310/20) 
and composite strut valve prostheses are presented in 
Figures 5 and 6. Although occupying different time 


* 


frames, the groups are roughly comparable in malol. 
n that 


clinical variables. From these data, it can be see 

the rate of embolism with the track valve prosthesis is 
nearly identical to that of the totally cloth-covered 
prosthesis. Moreover, hemolysis and cloth wear have not 
been a problem to date with the track valve. 

Role of track valve prosthesis versus xenograft 
valve: What should be the current role of the track valve 
prosthesis? Randomized studies of current cardiac 
prostheses have not been performed, and the hazards 
of interinstitutional comparisons are well known. These 
include differences in patient populations and patient 
selection and nonuniform long-term postoperative 


management of anticoagulant therapy by a variety of 
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(Lj FIGURE T. Actuarial embolus-free curves for the mitral Hancock 


: -xenograft and the composite strut valves. 


_ clinicians. However, comparison with the data of Oyer 
- et al$ at Stanford, who used Hancock porcine xeno- 


grafts exclusively in a clinically comparable group of 


... patients during the same period of time, shows no sig- 
“nificant difference in thromboembolic performance 
(Fig. 7 and 8). One third of their mitral xenograft re- 
-. cipients received long-term anticoagulant therapy. 

` Sudden catastrophic thrombosis in patients on anti- 


- coagulant therapy, which is a major problem with the 
tilting disc valve and could conceivably have accounted 
for sudden death of unknown cause in their series, has 


: mot been seen by us nor previously reported. 


~ Role of valve size: In our selection of the proper 
valve for a particular patient, some consideration is 
given to valve size. Although the mean gradient across 
the 23 mm size valve is in the range of 20 mm Hg, higher 
gradients are occasionally seen, perhaps related to the 
accumulation of fibrin on the cloth-covered orifice. 
+temodynamic studies in patients with large valves have 
been more uniformly satisfactory. We therefore cur- 
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FIGURE 8. Actuarial embolus-free curves for the aortic Hancock 
xenograft and the composite strut valves. E 


rently prefer track valves in sizes 30 mm (mitral) and . 
25 mm (aortic) or larger. In addition, patients who are __ 
thought unable to comply with a regimen of long-term 





mechanical valves. The sound of the track valve is. 5 
variable, but may be disturbing to some patients. A re- __ 


cent review of experience with the Silastic ballvalvein | 
the 1970’s described elsewhere? demonstrates no sig- 


nificant difference in the 5 year rates of thromboem- __ 
bolism in comparison with other contemporary pros- 
theses, including the track valve. Therefore, we choose __ 


the noncloth-covered valve, even in larger sizes, for _ 


patients who, in their judgment or that of the clinician, E 
might be unduly bothered by prosthetic noise. M 
In summary, the composite strut valve offers satis- 
factory thromboembolic performance and a durable . 
alternative to the glutaraldehyde-preserved porcine . : 
xenograft valve in patients who are able to tolerate 
anticoagulant therapy. We continue to use both the 
noncloth-covered and track prostheses. 
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Genesis of Pericardial Knock in Constrictive Pericarditis 





A pericardial knock is a common finding in constrictive pericarditis. 
However, its origin has been uncertain. One hypothesis suggests that it 
is due to sudden deceleration of ventricular filling. To validate this hye 
pothesis, left ventriculograms, phonocardiograms and external pulse 
recordings were obtained in seven patients with hemodynamic and 
pathologic findings of constrictive pericarditis and in seven normal 
subjects. Left ventriculographic silhouettes were digitized and left ven- 
tricular volumes were calculated by computer at 16 ms intervals. Curves 
of left ventricular volume versus diastolic filling time were constructed 
for each patient. Pericardial knock was recognized as an early high fre- 
quency sound recorded between 90 to 120 ms after the aortic closing 
sound and occurring at the trough of the Y descent of the jugular venous 
pressure tracing. The timing of the pericardial knock in five patients with 
constrictive pericarditis corresponded to a sudden and premature plateau 
of the diastolic left ventricular volume curve representing 85 + 4 percent 
(mean + standard deviation) of ventricular filling. The diastolic plateau 
was missing in two patients with constrictive pericarditis who had no 
pericardial knock. In these cases, the rate of ventricular filling was faster 
than normal in the first 20 percent of diastole. 

Thus, this study related pericardial knock to an abrupt plateau in the 
diastolic left ventricular volume curve, supporting the view that sudderr 
cessation of ventricular filling generates the pericardial knock of con- 


Strictive pericarditis. Two mechanisms are proposed by which the filling 


plateau may produce the knock, and it is postulated that both ventricles 
may participate in the knock phenomenon. 


Since the first case of constrictive pericarditis was described by Chevers! 
of Guy's Hospital in 1842, the pathophysiologic basis of a high frequency 
early diastolic sound in this disease has intrigued investigators and 
clinicians alike.? This extra sound has been termed a pericardial pro- 
todiastolic sound to distinguish it from the third heart sound or pro- 
todiastolic gallop; lately it has been called the “pericardial knock." This 


sound usually occurs about 90 to 120 ms after the aortic component of = 


the second heart sound, whereas the third heart sound occurs somewhat 
later (130 to 160 ms). Furthermore, the pericardial knock has a higher 
acoustic frequency and intensity than the third heart sound.? 

It has been assumed that the knock is related to sudden cessation of 
diastolic ventricular filling when the expanding ventricles achieve the 
limits imposed by a nondistensible, thickened, fibrous or calcified peri- 
cardium. This assumption was based primarily on indirect experimental 
evidence, that is, radiology,t-9 roentgenkymography,’ apexcardiography? 
and interpretations of simultaneous right atrial and right ventricular 
pressure recordings and phonocardiographic studies.? In more recent 
and sophisticated studies, several investigators!9-1? constructed pres- 
sure-volume curves for patients with constrictive pericarditis and showed 
a steep sudden increase in pressure-volume ratios early in diastole, 
However, these authors did not correlate their pressure-volume findings 
with phonocardiographic data. 
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al alternative explanations have been proposed, 
ding the theory that the knock is equivalent to an 
arly third sound gallop in the presence of rapid ven- 
ricular filling.!? This study was therefore undertaken 
to validate further the hypothesis that a pericardial 


pv knock corresponds to a rapid and sudden deceleration 


-of ventricular filling by the constricting pericardium. 
Methods | 


Seven patients with proved constrictive pericarditis and 
seven normal subjects who had phonocardiograms, external 
pulse recordings and electrocardiograms taken just before 
routine cardiac catheterization were studied. | 

Noninvasive studies. Phonocardiograms, external pulse 
recordings and electrocardiograms were simultaneously ob- 


ut tained. All patients had their cardiac medications discontin- 
ued at least 12 hours before the study. Graphic recordings were 


^ obtained with a multichannel fluid-jet recorder (Mingograf 


"d 


34, Elema-Schoenander, Siemans Company, Iselin, New 
Jersey) with the patients in the supine position in a noise- 
insulated room. Phonocardiograms were recorded using 
standard 50, 100 and 200 hertz filters, and a high impedance 
microphone (EMT 25C), External pulse recordings were 
performed using an Elema-Schoenander EMT 510C pulse 
recorder and a Marey transducer. This system was able to 
record frequencies as low as 0.2 hertz. Electrocardiographic 
lead II or III was simultaneously recorded for timing purposes, 
and all graphic tracings were inscribed on paper at 100 mm/s. 
Therefore, it was possible to measure accurately time intervals 
as short as 10 ms. 

a «4 pericardial knock was recognized as a high frequency 
diastolic sound recorded between 90 to 120 ms after the aortic 
closing sound, and occurring at the trough of the Y descent 
in the jugular venous pulse tracings. 

Cardiac catheterization: This procedure was performed 
with the patients in the postabsorptive state after mild 
sedation with orally administered diazepam (5 to 10 mg). 
Right and left heart pressures were measured through fluid- 
filled catheters connected to Statham P23Db transducers and 
recorded on an Electronies for Medicine DR-8 recorder. 


^. Cardiac output was determined with the Fick method. Left 


^ TABLE ii | E 
5 . ..Hemodynamic Findings in Seven Patients With Constrictive Pericarditis 





ventricular cineangiography was then performed in the 30° 


. right anterior oblique protection using a conventional 9 inch 


(22.8 cm) image intensifier and filmed at 60 frames/s. 


















(n). |  (beats/min) (mean) (8/D) 
psc, 24 55/28 
2 76 14 32/12 
3 80 18 38/20 
4 78 17 36/20 
5 76 17 28/18 
6 84 18 40/18 
7 82 21 39/21 


Pressures (mm Hg 
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TABLE | 
Clinical Features of Seven Patients With 
Constrictive Pericarditis 





Patients (n) 





Origin of pericarditis 
_Postviral 

- Tuberculosis 
:Degos' disease 

_ idiopathic 
Symptoms 

< Dyspnea 

Chest pain 

_ Peripheral edema 
Signs | 
Jugular venous distension 
Pleural effusion 

5. Pericardial knock 

*. Ascites 

Pericardium on fluoroscopy 
= Calcific 

^. Noncalcific 





wed sh m d 
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Silhouettes of the left ventriculogram were traced from à. : 
Vangard projector (Vangard Instrument Corporation, Mel- | 
ville, New York) at 16 ms intervals between end-systole and _ 
end-diastole. These silhouettes included papillary muscles _ 
and trabeculations. The coordinates of these left ventricular . 
silhouette outlines were digitized and volumes were calculated | 
by direct integration, using a Varian 620-i minicomputer - a 
(Varian 620-i, Varian Data Machines, Irvine, California). This 
method divides the left ventricle into cylindrical slices, 1 mm . 
thick. that are summed to give total volume using a modifi- _ 
cation of Simpson’s rule.!4 No correction for rotation or dis- 
tortion was used, but a correction factor for angiographic _ 
magnification was included in the computation. Left ven- x 
tricular volumes calculated by this angiographic method were ud 
reproducible within 4 + 1 percent in consecutive sinus beats. _ a 
The left ventricular ejection fraction was also calculated by _ 
this method and has been shown to correlate well with ejection _ 
fraction calculated with nuclear angiography.!° AGE 

Left ventricular filling volumes were expressed as percents _ 
of total filling volume (defined as end-diastolic minus end- . 
systolic volume). The left ventricular end-diastolic silhouette — 
was the largest silhouette preceding the onset of contraction _ 
(mitral valve closure). The left ventricular end-systolic sil- . 
houette was the smallest silhouette during contraction; this 
usually coincided with aortic valve closure. Left ventricular. 
diastole was defined as the time from the smallest to the |. 
zest left ventricular cavity size before the onset of con- ' 


la: re 










PWP LV CO 
(S/D) (liters/min) 


26 100/28 4.0 
14 140/14 2.6 
16 142/21 5.2 
22 140/24 6.0 
18 125/20 3.0 
140/20 5.3 

3.8 
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TABLE iii 
.. Left Ventricular Angiographic Findings in Seven Patients 


.. With Constrictive Pericarditis and in Seven Normal 







Control Subjects 


M Normal 
e Constrictive Control 
BU Pericarditis Subjects 
y (n = 7) (n = 7) 


Wall motion 


Normal 6 7 

Anterior hypokinesia 1 0 

Akinesia 0 0 
End-diastolic volume (cc) 102 + 8 138 + 12 
Ejection fraction (%) 58+ 3 63 + 6 


.. traction, and expressed as percent duration of diastole. Left 
- ventricular filling curves were constructed for all patients 
included in this study. 
| Noninvasive and invasive studies: The purpose of this 
_ study would have best been served by simultaneous graphic 
. recordings and left ventriculograms. However, the noise 
< generated by the radiologic equipment made simultaneous 
recordings impossible. Fortunately, the heart rates of each 
- patient were similar at the times when the phonocardiogram 
. and left ventriculogram were obtained. To minimize further 
_ any error induced by this methodologic problem, all phono- 
. cardiographic and angiographic data were also expressed in 
_ percent of total duration of left ventricular diastole. 
. . Patients: Constrictive pericarditis: Of the seven patients 
_ with constrictive pericarditis, four were men and three women. 
_ The mean age was 45 + 7 years (mean + standard deviation). 
. The cause of the pericarditis, symptoms, signs and fluo- 
_ roscopic findings in these seven patients are presented in 
Table I. Only five patients had an audible and recorded 
pericardial knock. 
< Cardiac catheterization data from these seven patients 

with constrictive pericarditis are displayed in Table II. All 
seven patients had sinus rhythm and a prominent X and Y 
_ descent in the right atrial pressure tracings; all had diastolic 
. pressure equilibration in all intracardiac chambers and a 
"square root" sign in both the right and the left ventricular 
pressure tracing. Left ventricular angiography (Table HI) 
revealed that six patients had totally normal left ventricular 

wall motion, and one patient had a hypokinetic anterior wall. 
. End-diastolic left ventricular volumes in the seven patients 


TABLE iV 
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pographic-Angiographic-Pathologic Correlations in Seven Patients With Constrictive Pericarditis 


LV Volume | 


| . HR Peri- Phonocardiographic Curve 
^. (beats/ cardial Timing* (sudden 
min) Knock ms % Diastole plateau) 









averaged 102 + 8 cc and the ejection fraction averaged 58 + 
3 percent. 

All seven patients with constrictive pericarditis underwent 
pericardial stripping. Operative and pathologic notes were 
reviewed for the degree and location of pericardial fibrosis and 
for calcium deposition (Table IV). 

Normal subjects: Seven patients underwent cardiac cath- 
eterization for evaluation of atypical chest pain. They served 
as a control group, having demonstrated normal findings on 
physical examination, electrocardiography, hemodynamic 
study, left ventriculography and coronary arteriography. 
End-diastolic volume in this control group averaged 138 + 12 
cc (Table IIT). 

Statistical analysis: The two-tailed t test for unpaired 
samples was used to test the significance of observed changes. 


A probability (p) value of less than 0.05 was considered sta-e 


tistically significant. 
Results | 


Left ventricular diastolic filling curves: In the 
seven normal subjects (Fig. 1) the composite diastolic 
filling curve had a rapid slope during the first 10 percent 
of diastole and a more gradual slope during the re- 
maining 90 percent. At 30 percent of left ventricular 
diastole, 35 + 4 percent of left ventricular filling had 
occurred. 

Figure 2 compares the left ventricular diastolic filling 
curves of the five patients with constrictive pericarditis 
who had a pericardial knock with the composite filling 
curve of the normal patients. In constrictive pericarditis 
there was very rapid early diastolic filling, which 
reached a plateau at 30 to 40 percent of the duration of 
diastole. At that point, 85 + 4 percent (63 to 98 percent) 
of diastolic filling was achieved as opposed to 35 percent 


in the control group. Figure 3 compares the diastelie- 


filling curves of two additional patients with proved 
constrictive pericarditis who did not have a pericardial 
knock with the composite curve of the normal patients. 
These two patients had a slightly faster rate of early 
filling than that of normal subjects, but there was no 
plateau in the left ventricular filling curve. End-diastolic 
volume in the patients with constrictive pericarditis was 
significantly smaller than that in the normal control 
group (102 + 8 versus 138 + 12 cc, p <0.05) (Table 
IIT). 





Angiogram 
Operative 
Findings 
Timing* . (fibrosis and/or 
ms % Diastole calcium) 






A-V sulcus - anterior wall 


* 


b. 








76 No -— A No "Nu v" Anterior wall + lateral wall 

80 Yes 95 40 Yes 112 40 Anterior + lateral + A-V sulcus 

78 Yes 100 38 Yes 112 40 Lateral wall + A-V sulcus 

76 Yes 120 30 Yes 128 30 A-V sulcus 

84 No "TM JE No Rex oe Epicardium not adherent to pericardium 
82 Yes 110 30 Yes 112 30 _ Anterior wall 





E Mi differences in the phonocardiographic and angiographic timing of the pericardial knock were due to the use of 16 ms angiographic framing 
antervals. ; 


A-V = atrioventricular; HR = heart rate; LV = left ventricle. 
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PERCENT LV-DIASTOLIC FILLING VOLUME — 


UAR | 20 40 60 80  !00 
D UN PERCENT DURATION OF LV DIASTOLE 

FIGURE 1. Left ventricular (LV) diastolic filling curve in seven normal 
control subjects, expressed as mean + standard deviation of the 


. .. Correlation of pericardial knock and left ven- 
tricular filling curve: Figure 4 presents the electro- 
|... eardiogram, phonocardiogram, jugular venous pulse 
tracing and left ventricular filling curve in a typical 
- patient with constrictive pericarditis and a knock. The 
— - beginning of left ventricular diastole corresponds to the 
second heart sound (aortic component) and the end of 
diastole to the first heart sound. The pericardial knock 
corresponds to the trough of the Y descent in the jugular 
venous tracing and to the beginning of the left ventric- 
ular filling curve plateau. Figure 5 presents the elec- 
trocardiogram, phonocardiogram, carotid pulse tracing 
and left ventricular filling curve in a patient with con- 


* 


* 


^ strictive pericarditis who had no pericardial knock. No 
plateau in the left ventricular filling curve is evident. 

-o Table IV correlates the phonocardiographic, angi- 

.: egraphic and pathologic data in the seven patients 

with constrictive pericarditis. All patients had sinus 

rhythm at the time of the study, and their heart rates 

-were similar during the graphic and angiographic 
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eee PE MG © 
eso Pt M 








|. 20 40 60 80 . 100 
eS s. PERCENT DURATION OF LV DIASTOLE 
FIGURE 3. Left ventricular (LV) diastolic filling curves in two patients 


|. PERCENT LV-DIASTOLIC: FILLING VOLUME 


5o 7 (Pt) with constrictive pericarditis and without a pericardial knock (Pa- 
¿< tients 2 and 6) (solid circles and broken lines) compared with the left 

- ventricular diastolic filling curve in seven normal control subjects ex- 

. pressed as mean + standard deviation (solid circles and solid 
lines). i 
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DIASTOLIC FILLING VOLUME 
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20 40 60 80  !00 
8 .PERCENT DURATION OF LV DIASTOLE E. 
FIGURE 2. Left ventricular (LV) diastolic filling curves in five patie 
with constrictive pericarditis and a pericardial knock (open circles and 
broken lines) and left ventricular diastolic filling curve in seven norme 
control subjects, expressed as mean + standard deviation (solid circles 
and solid lines). | 2m 


studies. The five patients with a pericardial knock 
demonstrated a sudden plateau in the left ventricular 
filling curve. The timing of the pericardial knock in the 
phonocardiogram coincided with the initiation of the 
left ventricular filling curve plateau in all five patients. 
The two patients without a pericardial knock man 
fested no plateau in the left ventricular filling curv 
However, they had typical hemodynamic and pathologi 


PHONO. 
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FILLING VOLUME 
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` FIGURE 4. Electrocardiogram (ECG), phonocardiogram (PH 
; a 100 hertz filter, jugular (J} venous pulse tracing and le 
_ (LV) diastolic filling curve (expressed as percent of left ven 
< astolic filling volume and percent duration of left ventric 
in Patient 1 with constrictive pericarditis and pericardi: 
A = A wave; C = C wave; $4 = first heart sound; S5 

sound; V = V wave; X = X«eegent; Y = Y descent 

planation. E 
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50 100 
ES % DURATION LV DIASTOLE 
_ FIGURE 5. Electrocardiogram, phonocardiogram, carotid (CAR.) pulse 
*.. tracing and left ventricular diastolic filling curve in Patient 2 with con- 
.Strictive pericarditis but no pericardial knock. Abbreviations as Figure 
:::.4. See text for explanation. 


- findings of constrictive pericarditis, and their clinical 
. condition improved after pericardiectomy. 


Discussion 


^. The seven normal control subjects demonstrated a 
_ typical pattern of left ventricular diastolic filling that 
__is initially (first 10 percent of diastole) fast and then 
. more gradual and uniform (Fig. 1). This angiographic 
- finding is in agreement with previously reported 
. studies. 16.17 

- .. Pattern of sudden limitation of ventricular fill- 
_ ing: The seven patients with constrictive pericarditis 
. revealed two completely different patterns of left ven- 
- tricular diastolic filling. Filling pattern A was charac- 
- terized by a rapid filling period that lasted 30 to 40 
percent of the total diastolic filling period, followed by 
. a sudden and abrupt plateau. This plateau persisted 
. until the end of diastole, except for a minimal increase 
in left ventricular filling near end-diastole, related to 
e atrig? contribution to left ventricular end-diastolic 
pine (Fig. 2). Filling pattern B was characterized by 
ghtly faster than normal filling in the early diastolic 
ling period (30 percent of diastole), but the curve had 
in overall shape similar to that of normal subjects (Fig. 
)). Table IV discloses that all five patients with con- 
ictive pericarditis and a pericardial knock demon- 
trated filling pattern A. Furthermore, the beginning 
_ of the left ventricular filling curve plateau corresponded 
_ temporally to the pericardial knock in each patient. The 
plateau in the left ventricular filling curve is a graphic 
representation of an abrupt pathologic cessation of di- 
astolic filling. However, élentwo patients without a 
-pericardial knock demonstrated filling pattern B. These 
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patients, nevertheless, had the typical hemodynamics 


of pericardial constriction: elevated diastolic cardiac 


pressures and square root sign in the right and left 
ventricular pressure tracings. The angiograms were also 
characteristic of pericardial constriction: small left 
ventricular end-diastolic volume, normal left ventricular 
wall motion and normal left ventricular ejection frac- 
tion. They had operatively proved constrictive peri- 
carditis (Table IV) and clinical improvement after 
pericardiectomy. 

Causes for lack of abnormal filling pattern in two 
patients: Similar pattern B type findings have been 
reported by Mounsey!? correlating phonocardiographic 


(pericardial knock) and hemodynamic measurements . 


in the right side of the heart in patients with constrictive 
pericarditis. He described two patients who had no 
pericardial knock and a less abrupt and smoothly 
merging upstroke of the diastolic pressure dip in the 
right ventricular pressure recording. Pattern B could 
be explained by vascular volume depletion or by less 
severe constriction. Our two patients (Patient 2 and 6, 
Table II) had elevated right atrial, pulmonary wedge 
and ventricular diastolic filling pressures at the time of 
the cardiac catheterization, suggesting that they did not 
have significant volume depletion. One of these two 
patients (Patient 6, Table IV) had a thick fibrous peri- 
cardium, which was not adherent to the visceral peri- 
cardium (epicardium), suggesting that there was less 
severe constriction than in the pattern A patients, de- 
spite the typical hemodynamic findings. Another ex- 
planation for the lack of sudden limitation of left ven- 
tricular filling is that the right ventricle, which was not 
evaluated by angiography in this study, was less con- 
stricted than the left. The septum could then have 
provided continuing diastolic displacement at the ex- 
pense of less impeded right ventricular filling. Alter- 
natively, if the right ventricle was more constricted than 
the left, the left ventricle would have exhibited no 
sudden limitation of filling. 

Mechanisms of the pericardial knock: The precise 
mechanism by which the sudden limitation of ventric- 
ular filling in constrictive pericarditis is converted to the 
sound of the pericardial knock is not clarified by our 
study, but two possibilities are suggested: (1) A 
"water-hammer" effect may be induced by abrupt de- 
celeration of blood filling the ventricles, and the knock 
is produced by closely coupled secondary vibrations of 
chamber blood, ventricular walls, valves and pericar- 
dium, a mechanism similar to that proposed for the 
ventricular gallop sound. (2) A “sail-flop” phenomenon 
occurs, as in the cases of the opening snap of mitral 
stenosis or the ejection click of congenital aortic or 
pulmonary stenosis by which sudden tautening of a 
containing membrane (the pericardium in the current 
case) directly creates vibrations at audible frequencies 
which then are transferred to adjacent structures, such 
as the ventricular walls, chamber blood and chest wall 
tissues, Because both ventricles are usually involved by 
constriction, it is likely that they are involved in these 
phenomena, and that filling curves of the right ventricle 
would closely resemble those that have been demon- 
strated for the left ventricle in our study. 
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In 7 of 43 patients in whom a sustained ventricular tachycardia could be 
induced during programmed electrical stimulation by a single ventricular 
premature stimulus, an identical tachycardia could also be initiated by 
a single atrial premature stimulus. This phenomenon was observed only 
in those patients in whom the ventricular tachycardia could be induced 
by a single ventricular extrastimulus having a prematurity index (ratio 
between the longest ventricular premature stimulus interval resulting in 
tachycardia and the duration of the basic cycle length of the paced ven- 
tricular rhythm) above 54 percent. No single instance of initiation of 
ventricular tachycardia by atrial premature stimuli was observed in pa- 
tients with a ventricular prematurity index below 54 percent or requiring 
more than one consecutive ventricular extrastimulus to have tachycardia 
initiated. Other features of patients showing initiation of ventricular 
tachycardia by atrial premature stimuli were a right bundle branch block 
configuration of the QRS complex during tachycardia in all seven patients 
and a relatively slow rate during tachycardia. In one patient ventricular. 
tachycardia was terminated by a conducted atrial premature stimulus. 


Instances of ventricular tachycardia initiated by a supraventricular 
stimulus have been reported in human beings.1-8 However, no study has 
been reported of the incidence of this phenomenon or of its electro- 
physiologic determinants in a large series of patients with ventricular 
tachycardia. In this article these aspects are analyzed and their possible 
therapeutic implications discussed iri a series of 54 patients with clini- 
cally documented recurrent episodes of sustained ventricular tachycardia 
in whom an identical arrhythmia was induced during a stimulation 
study. 


Methods 


. Patients: Data on 54 patients having recurrent sustained ventricular tachy- 
cardia in whom the arrhythmia could reproducibly be initiated and terminated 
by programmed electrical stimulation of the heart were reviewed. In all patients 
the tachycardia initiated during the stimulation study was similar to the one 
clinically documented. In none of the patients was the tachycardia initiated 
during exercise or after a spontaneous atrial extrasystole. In all patients ad- 
ministration of drugs was discontinued at least five half-lives before the 
study. |—. : | OESE gu 
Protocol: Methods of stimulation and recording used in our laboratory have 
previously been described. All patients had an A-H interval during sinus rhythm 
(measured on the His bundle electrogram from the first fast deflection of the 
atrial electrogram to the beginning of the fast deflection of the His potential) 


_ of more than 60 ms and showed normal prolongation of the A-H interval after P 


administration of atrial test stimuli and during atrial pacing at increasing rates. 
Anterograde conduction over an accessory atrioventricular (A-V) pathway was 
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: FIGURE 1. Initiation of ventricular tachycardia by 
(A) critically timed right atrial premature stimulus 
(atri al extr during atrial pacing, (B) rapid atrial 
a pacing rate of 150 beats/min, 

| med right ventricular prema- 
ire eat (ventricular extra-st) during ventricular 
- pacing. Simultaneous recordings of leads V4, Ve, 
a high right atrial lead (HRA), a coronary sinus lead 
(CS) and a His bundle lead (His) are shown; in A, 
lead Il is shown as well. 





| vdd { by observing no change or an increase in the H-V 
terval after A-V conduction of atrial premature stimuli 

g atrial. pacing at a regular paced rhythm and atrial 
t increasing rates. The diagnosis of a ventricular origin 
ichycardia was based on the presence of a widened 
mplex (0.12 second or more) not preceded by a His 
dle deflection or an H-V interval that was less than the 
erval recorded during sinus rhythm. After informed. 
as obtained, single test stimulation during a regular paced 
hythm as well as pacing at increasing rates was. 
from the atrium and ventricle in all patients. Atri; 
tricular extrastimulus: testing was performed at 
ng ths of 600 and 500 ms in all patients; if possil 
d length between 600 ms and the sinus cycle length was also 
utilized. If no tachycardia could be initiated using this EUM 


















All data were e A kien using Student's t test si 
efinition of terms: The following terms are us 

hout the study: — .— p 
^» during atrial extrastimulus testing: interval hick 
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formed the ventricular complex resulting from the last complex 
id ven- basic atrial rhythm and the ventricular complex that f 
€ cycle the atrial test stimulus. i 


"9 during ventricular extrastimilus testing: pies ii 
us interval of the ventricular extrastimulus deliv 
‘a regular ventricular paced rhythm. 
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Prematurity index: ratio between the longest V-V» interval 
resulting in tachycardia during a ventricular paced rhythm 
and the basic cycle length (V,-V;) of the latter. 


Results 
: Initiation of ventricular tachycardia: Ventricular 
_. tachycardia could reproducibly be initiated during 
©: programmed electrical stimulation of the heart in 54 





FIGURE 2. Upper panel, no initiation of ventricular tachycardia by an 
atrial premature stimulus of 400 ms during atrial pacing. Middle panel, 
ventricular tachycardia is initiated when an atrial premature stimulus 
given after an interval of 380 ms reaches the ventricle 420 ms after the 
ventricular complex resulting from the last stimulus of the basic atrial 
. paced rhythm. Lower panel, further shortening of the atrial premature 
. Stimulus interval to 340 ms results in arrival of the impulse in the ven- 
_ tricle 400 ms after the last ventricular complex of the basic paced atrial 
- rhythm and initiation of tachycangimmass 
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patients. In all patients the induced tachycardia had the 
same configuration as that documented outside the 
cardiac laboratory. In 43 patients initiation of tachy- 
cardia could be accomplished by a single ventricular 
premature stimulus during ventricular pacing. In seven 
of these 43 patients a tachycardia with the same con- 
figuration and rate could also be initiated by a single 
atrial premature stimulus during atrial pacing. In all 
seven patients the QRS complex following the atrial 
premature stimulus was similar to the QRS complexes 
of the basic paced atrial rhythm. In two of the seven 
patients ventricular tachycardia could also be initiated 
by regular atrial pacing at increasing rates ( Fig. 1). Be- 
cause of the conduction characteristics of the A-V node, 
two patients had two zones of atrial premature stimulus' 
intervals leading to ventricular tachycardia (Fig. 2 and 
3). In none of the patients requiring two or more con- 
secutive ventricular premature stimuli to initiate the 
ventricular tachycardia was the arrhythmia induced 
during atrial stimulation. 

Data from the seven patients in whom the tachycar- 
dia could be initiated by single atrial and ventricular 
premature stimuli (group A) were compared with those 
obtained in the 36 patients in whom ventricular 
tachycardia could be induced only by a single ventric- 
ular premature stimulus during ventricular pacing 
(group B). In three patients in group B, the longest 
V;i-V» interval leading to tachycardia during ventricular 
pacing was longer than the shortest V;-V» interval at- 
tainable during atrial pacing at the same basic cycle 
length. In the remaining 33 patients of group B the 
shortest possible V;-V» interval during atrial extra- 
stimulus testing was longer than the longest V,-V.in- 
terval required to initiate tachycardia during ventricular 
pacing. 

In four patients in group A the longest V;-V; interval 
leading to tachycardia during atrial extrastimulus 
testing was 20 to 40 ms shorter than the longest V,-V. 
interval initiating tachycardia during a ventricular 
paced rhythm at the same basic cycle length. In the re- 
maining three patients in group A the longest Vi-Vo 
interval able to initiate tachycardia during atrial ex- 
trastimulus testing was similar (within a range of 10 ms) 
to the longest ventricular premature stimulus interval 
initiating tachycardia during ventricular pacing at the 
same basic cycle length. 

Age, sex and cause of tachycardia: The age in 
group A ranged from 19 to 76 years (mean 45) and in 
group B from 19 to 81 years (mean 48). In group A 5 
patients were male and 2 were female, whereas in group 
B 28 were male and 8 female. Four patients in group A 
and 25 in group B had an old myocardial infarction. 
Idiopathic ventricular tachycardia was present in 3 
patients in group A and in 11 patients in group B. There 
were no statistical differences between groups A and B 
in age, sex or underlying heart disease. 

QRS configuration during tachycardia, rate of 
tachycardia, tachycardia zone and prematurity 
index: All seven patients in group A had a right bundle 
branch block configuration during tachycardia and two 
had a complete right bundle branch block pattern 
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during sinus rhythm (Fig. 2 and 3). All patients in group 
A had a normal H-V interval during sinus rhythm. In 
16 of the 36 patients in group B, the QRS complex 
during tachycardia had a left bundle branch block 
configuration (probability [p] «0.05). 

Heart rates during ventricular tachycardia ranged 
from 120 to 180 beats/min (mean + standard error of 
the mean 143 + 20) in group A and from 110 to 220 
beats/min (mean 172 + 29) in group B. The widest zone 
of premature stimulus intervals resulting in tachycardia 
during ventricular extrastimulus testing with any of the 
basic cycle lengths that were used ranged from 80 to 500 
ms (mean 134 + 41) in group A and from 20 to 170 ms 
(mean 47 + 21) in group B. | 
* In assessing the ability to initiate ventricular 
tachycardia by ventricular premature stimuli, we also 
determined the ratio between the longest V -V» interval 
leading to tachycardia during ventricular extrastimulus 
testing and the basic cycle length of the ventricular 
paced rhythm (V;-V,). This ratio was called the ven- 
tricular prematurity index and in patients in group A 
it ranged from 55 to 85 (mean 71 + 11) percent and in 
group B from 32 to 52 (mean 41 + 8) percent. These 
differences between groups A and B in QRS configu- 
ration and rate during tachycardia, the zone of prema- 
ture stimulus intervals resulting in tachycardia and 
ventricular prematurity index of the longest Vi-Vsin- 
terval leading to tachycardia during ventricular extra- 
stimulus testing were statistically significant (p 
« 0.01). 

Termination of ventricular tachycardia by an 
atrial premature stimulus: In 10 patients atrial pre- 
mature stimuli given during tachycardia were con- 
ducted to the ventricles. This resulted in fusion com- 
plexes in four patients and complete "captures" in six. 
In only one patient (in group B) could the tachycardia 
be terminated by a conducted supraventricular impulse. 
As shown in Figure 4, the tachycardia that had a rate of 
only 110 beats/min could be terminated by both a single 
ventricular premature stimulus and a conducted single 
atrial extrastimulus. The maximal rate of this tachy- 
cardia observed during the stimulation study was 120 
beats/min (Fig. 5). 


Discussion 


Isolated examples of ventricular tachycardia induced 
after supraventricular impulses have previously been 
reported.-^78 In the largest series of ventricular 
tachycardia induced by programmed electrical stimu- 
lation of the heart so far reported, ?9? the characteristics 
and implications of the initiation of this arrhythmia by 
supraventricular stimuli were not analyzed.5 6? 

Incidence: Initiation of ventricular tachycardia by 
supraventricular impulses is not rare. In this series of 
43 patients in whom a ventricular tachycardia could 
reproducibly be initiated during programmed electrical 
stimulation of the heart by a single timed ventricular 
premature impulse, an identical tachycardia could also 
be induced by atrial premature stimuli in 7 patients. 
This represents an incidence rate of 16 percent. In 
contrast, termination of a ventricular tachycardia by 


\ 


NTRICULAR Tj 


October 1980 The American Journal of CARDIOLOGY Volume 46 5 



















supraventricular extrastimuli is a very rare observatio 
and was found in only one patient in our series. 


Electrophysiologic Determinants 


Initiation of ventricular tachycardia by supra 
ventricular stimuli: This phenomenon seemed to be 
determined in our patients by the ease of initiation of 


FIGURE 3. Same patient as in Figure 2. Upper panel, further shorteni 
of the atrial premature stimulus interval to 330 ms results in prolongati 
of atrioventricular (A-V) nodal conduction time leading to delayed arrival 
of the impulse in the ventricle. Now the interval between this ventricular 
complex and the preceding ventricular complex measures 430 m 
which exceeds the upper limit of the tachycardia zone (420 ms, middi 
panel Fig. 2) and no tachycardia is initiated. Middle panel, when t 

atrial premature stimulus is given 10 ms earlier, the interval at 

ventricular level lengthens again to 420 ms with initiation of tachycard 
Lower panel, further shortening of the atrial premature stimulus int 
results in arrival at the ventricular level outside the upper limit of t 
tachycardia zone. — 
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the tachycardia. First, initiation of ventricular tachy- 
cardia by atrial premature stimuli was observed only in 
patients in whom no more than a single ventricular 
premature stimulus was required to induce the ar- 
rhythmia. Second, in the latter group of 43 patients, 


atrial premature stimuli were able to initiate ventricular 
tachycardia only in those patients in whom the pre- 
maturity index of the longest V;-V» interval resulting 
in tachycardia during ventricular extrastimulus testing 
was above 54 percent. 
- No overlap in prematurity index existed between 
group A (patients in whom ventricular tachycardia was 
inducible by both one ventricular and one atrial pre- 
mature stimulus) and group B (tachycardia induced by 
nly one ventricular extrastimulus during ventricular 
pacing). Thus, when a ventricular tachycardia can be 
induced by a ventricular extrastimulus with a prema- 
turity index above 54 percent, it seems likely that the 
me tachycardia will be initiated by atrial premature 
impulses. 
The time of arrival of the initiating impulse to the 
triclgs is not the only factor determining the in- 
fön of a ventricular tachycardia by a supraven- 








ar stimulus. This is illustrated in three of our pa- 
n whom tachycardia could be initiated only by 
tricular premature stimulus even though the 
iycardia zone during ventricular extrastimulus 
sting occurred at longer V,-V>2 intervals than the 
ortest V,-V» interval attainable during atrial extra- 
imulus testing at the same basic cycle length. In ad- 
tion, four patients in group A the longest V,-V» in- 
rval resulting in the initiation of ventricular tachy- 
rdia during atrial extrastimulus testing was shorter 
han the longest V;-V» dmbaxyal required to induce 
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FIGURE 4. Termination of a ventricular tachycardia 
with a slow rate (110 beats/min) by an electrically 
induced ventricular (upper panel) and atrial (lower 
panel) premature stimulus. Upper panel, 3: 2 ventri- 
culoatrial (V-A) Wenckebach conduction is present. 
Lower panel, termination of tachycardia by the con- 
ducted atrial premature impuise is possible because, 
of the low rate during tachycardia, permitting arrival 
of the atrial impulse in the ventricle (in spite of delay 
in the atrioventricular (A-V) node) early enough to 
enter the ventricular reentry circuit to terminate 
tachycardia. The slow rate of the tachycardia might 
Suggest this arrhythmia to be an example of an ac- 
celerated idioventricular rhythm. However, the ar- 
rhythmia could reproducibly be initiated by premature 
ventricular stimuli during ventricular pacing. We have 
never observed this phenomenon during stimulation 
Studies in patients with documented accelerated idi- 
oventricular rhythm. 


tachycardia during ventricular stimulation at the same 
basic driving rate. These observations suggest that the 
site of stimulation and the direction and spread of the 
excitatory wave also play important roles in the initia- 
tion of ventricular tachycardia.9.19 

Although it is understandable that patients with 
ventricular tachycardia whose arrhythmia can be ini- 
tiated by a supraventricular stimulus have a wide 
tachycardia zone and a longer prematurity index during 
testing by the ventricular extrastimulus technique, the 
lower mean ventricular rate during tachycardia in pa- 
tients in group A than in those in group B is more dif- 
ficult to explain. As demonstrated by Josephson et al," 
the reentry circuit underlying most instances of chronic 
recurrent sustained ventricular tachycardia is very 
likely of small size, suggesting that slow conduction is 
the main electrophysiologic determinant of the heart 
rate during ventricular tachycardia. If in a region of 
impaired conduction a certain value of refractoriness 
exists, the slower the conduction velocity within a 
reentry circuit, the easier it will be to reexcite the ini- 
tially blocked region and to initiate tachycardia. This 
is probably why a statistically significant relation was 
found between the ease of initiation of tachycardia (as 
defined by the prematurity index) and the ventricular 
rate during the arrhythmia in those patients in whom 
a single conducted atrial premature stimulus was the 
only requirement to create unidirectional block (re- 
fractoriness) within the circuit. 

Termination of ventricular tachycardia by su- 
praventricular stimuli: The rarity of this phenome- 
non (observed in only 1 of 43 patients) is not surprising. 
If reentry is the mechanism of the arrhythmia, termi- 
nation of the tachycardia by a premature stimulus re- 
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-the tachycardia is followed by an atrioventricular 


_ terminates tachycardia spontaneously. 





FIGURE 5. Same patient as in Figure 4. During CO A 
ventricular tachycardia 1:1 ventriculoatrial (V-A) pi 

conduction is present. The increase in V-A 
conduction time after the fifth QRS complex of 


(A-V) nodal echo impulse. This echo impulse 


a “quires invasion into the reentry circuit and creation of 
refractoriness ahead of the circulating impulse by the 
premature stimulus. Only when the rate of the ven- 
tricular tachycardia is relatively slow can a premature 
supraventricular impulse pass the delaying area of the 
A-V node and capture the ventricles with sufficient 

“prematurity as to enter the reentry circuit at the ap- 
propriate time to terminate the arrhythmia. Rates of 
110 to 120 beats/min are not frequent during ventricular 
tachycardia,?? although in a previous report from our 
group?? rates below 130 beats/min were found in 9 of 70 
different ventricular tachycardias observed in 62 pa- 

tients. 

In the patients in this study the rather slow ventric- 
ular tachycardia was observed to terminate not only 
after a conducted atrial premature stimulus but also 

-spontaneously by an A-V nodal echo impulse (Fig. 4 and 

5). This type of termination of ventricular tachycardia 
by a supraventricular impulse should be differentiated 
from the also rare observation of termination by a 
nonconducted supraventricular impulse of a tachycar- 
dia based on a reentrant mechanism using the bundle 
branch system.!? 

QRS configuration in ventricular tachycardia in- 
duced by atrial impulses: The association between the 
ability to induce a ventricular tachycardia by supra- 
ventricular impulses and a right bundle branch block 

configuration during tachycardia has been found in 

- other reported examples.:^95 We cannot offer an ex- 
-planation for our finding that all the ventricular 

“tachycardias that were induced by both single atrial and 
ventricular premature impulses had a right bundle 
branch block configuration. i 

. Comparison with previously reported electro- 

physiologic findings: The observations mentioned 


P previously are in accord with the electrophysiologic 
characteristics of the patient reported on by Denes et 


al? in whom a ventricular tachycardia could be induced 
by an atrial extrastimulus. Ventricular tachycardia in 
their patient had a right bundle branch block configu- 
— ration and a rate between 130 and 180 beats/min. In 
- addition, this tachycardia could be induced by a single 






ventricular extrastimulus within a wide zone of pre- 


mature impulse intervals (180 ms), the ventricular 
prematurity index being 67 percent. In another patient 
in their series, ventricular tachycardia could be induced 
after cessation of atrial pacing as well as by a single 
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ventricular premature stimulus. Data to assess whethe 
this patient did or did not have the other characteris 
found in our patients are not given in the study. . 
Josephson et al.? described a patient in whom ver 
tricular tachycardia was induced by rapid atrial pacin 
and by single ventricular extrastimuli. No addition: 
information was given to allow comparison with our 
patients. Finally, Zipes et al. described three patients 
in whom a ventricular tachycardia was initiated by su- 
praventricular impulses. In the only patient in whom 
the ventricular tachycardia could be initiated by single 
atrial premature stimuli, the arrhythmia was not in- 
duced by ventricular premature stimuli. The number 
of basic cycle lengths used during ventricular extra- 
stimulus testing and data on whether this technique was 
applied at one or more ventricular endocardial sites a 
not given. As discussed elsewhere,® both features (bas 


cycle length and site of stimulation) are important d 
terminants of the ease of initiation of ventricul 
tachycardia. These factors might account for the a 
parent discrepancies between the patient of Zipes et : 
and our patients. ; - 


Clinical implications ; 


The observation that ventricular tachycardia can be 
initiated by an atrial premature stimulus is of clinic 
importance. In fact, clinical examples of initiation. 
both ventricular tachycardia and ventricular fibrillatic 
after supraventricular conducted impulses have b 
reported. ^^:!4 One of the main practical implication 
our study may be related to the possible modificati 
in the ease of initiation of ventricular tachycardia a 
administration of antiarrhythmic drugs. These mig 
occur when the drug does not significantly affec 
A-V nodal properties but induces in the vert 
reentry circuit a reduction in conduction veloci 
is greater than the prolongation of refractoriness. 
previously reported on the effect of procainamide 
ients with recurrent sustained ventricular t 









eight patients in whom the arrhythmia was still i 
ible, ventricular premature stimuli given at loi 
premature stimulus intervals were able to initiat 
tricular tachycardia. In three of these eight patien 
prematurity index increased from a value be 
percent to one above 56 percent after administrat 
antiarrhythmic drugs.<freebservation of initiatio 
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muli after the administration of procainamide was 
io made by Horowitz et a].16 This finding suggets that, 
der these circumstances, an atrial premature stimulus 
ght have been able to induce ventricular tachycardia. 
fortunately, we did not test in our patients the effect 
atrial premature stimuli on the initiation of tachy- 
rdia after the administration of procainamide. 
jwever, our findings suggest that in some patients 
ntricular tachycardia may not be prevented by giving 
lrug that can abolish ventricular premature com- 
xes unless it also simultaneously eliminates atrial 
xtrasystoles or significantly prolongs conduction time 
nd refractoriness in the A-V node, or both. 

Our study indicates that formation of an abnormal 
mpulse at the supraventricular level may play a more 
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important role in the initiation of ventricular tachy- 
cardia than previously realized. Although all our pa- 
tients had normal A-V nodal function, such a mecha- 
nism would theoretically be further facilitated by ab- 
breviation of the refractory period and acceleration of 
the conduction velocity of the A-V node by sympatho- 
mimetic or parasympatholytic influences. In all our 
patients the conducted supraventricular stimulus had 
a ventricular activation pattern that was similar to the 
one seen after the basic paced atrial rhythm. In view of 
the role of spread of ventricular excitation in the initi- 
ation of a ventricular reentrant mechanism,®"° it can 
be suspected that in some patients initiation of ven- 
tricular tachycardia by a conducted supraventricular, 
impulse will only occur if the premature impulse is ab- 
errantly conducted through the ventricle. 
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failure; therefore, at first sign or 
and closely observe response, 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 

'persensitivity to catecholamines has been observed in patients withdrawn from 
blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 

lave occurred after abrupt discontinuation of such therapy, When discontinuing chronic 
use of nadolol, particularly in patients with ischemic heart disease, gradually reduce 
osage over a 1- to 2-week period and carefully monitor the patient, Reinstitute 
iadolol promptly (at least temporarily) and take other measures appropriate for 
management of unstable angina if angina markedly worsens or acute coronary in- 
sufficiency develops. Warn patients not to interrupt or discontinue therapy without 
hysician’s advice. Because coronary artery disease is common and may be 
nrecognized, it may be prudent not to discontinue nadolol therapy abruptly even 
ients treated only for hypertension. 


ic Bronch (e.g., chronic bronchi 


SERS. Administer nadolol with caution since it may block bronchodilation pro- 


days prior to surgery. Recognition 
recently withdrawn from beta- 


rgic blockade may mask certain clinical sigris (e.g., 
o avoid abrupt withdrawal of beta-adrenergic 
tate a thyroid storm, carefully manage patients suspected 


lation for Patients — Warn patients, especially those with evidence of coronary 
sufficiency, against interruption or discontinuation of nadolol without physician's 
though cardiac failure rarely occurs in properly selected patients, advise 
reated with beta-adrenergic blocking agents to consult physician at first 
om of impending failure. : 
~~ Catecholamine-depleting drugs (e.g., reserpine) may have an 
given with beta-blocking agents, When treating patients with 
olamine-depleting agent, carefully Observe for evidence of hypoten- 
bradycardia which may produce vertigo, syncope, or postural 


» Mutagenesis, Impairment of Fertility — In 1 to 2 years’ oral 
udies in mice, rats, and dogs, nadolol did not produce significant toxic 
year oral carcinogenic studies in rats and mice, nadolol did not produce 
eneoplastic, or nonneoplastic pathologic lesions. 
n animal reproduction studies with nadolol, evidence of embryo- and 
found in rabbits (but not in rats or hamsters) at doses 5 to 10 times 
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_ Nonalle ospasm tis, emphysema) — PATIENTS WITH. 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA- <. 
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greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic poten- 
tial was seen in any of these species. There are no well-controlled studies in pregnant 


. women; therefore, use nadolol in pregnant women only if potential benefit justifies 


potential risk to the fetus. 

Nursing Mothers — It is not known whether this drug is excreted in human milk, Because 
many drugs ate excreted in human milk, exercise caution when nadolol is administered to a 
nursing woman. Animal studies showed that nadolol is found in the milk of lactating rat 

Pediatric Use — Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovasculur — Bradycardia with heart rates of less than 60 beats per minute occurs 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia 
were seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually 
of the Raynaud type, have occurred in approximately 2 of 100 patients. Cardiac failure, 
hypotension, and rhythm/conduction disturbances have each occurred in about | of 100 
patients. Single instances of first degree and third degree heart block have been reported; 
intensification of AV block is a known effect of beta-blockers (see also CONTRAIN- 
DICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous System — 
Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, sedation, 
and change in behavior reported in approximately 6 of 1000 patients. Respiratory — 
Bronchospasin reported in approximately 1 of 1000 patients (see CONTRAINDICA- 
TIONS and WARNINGS). Gastroin ~~ Nausea, diarrhea, abdominal discom- 
fort, constipation, vomiting, indigestion, anorexia, bloating, and flatulence each 
reported in 1 to 5 of 1000 patients. Miscellaneous — Each of the following reported in ! 
to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 
decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision. Although relationship to drug usage is not clear, sleep 
disturbances have been reported. The oculomucocutaneous syndrome associated with 


z practolol has not been reported with nadolol, 


Potential Adverse Effects: Although other adverse effects reported with other beta- 


sion progressing to catatonia; visual disturbances; hallucinations; an acute reversible 
syndrome characterized by disorientation for time and place; short-term memory loss, 
emotional lability with slightly clouded sensorium; decreased performance on neuro- 
psychometrics. Gastrointestinal — mesenteric arterial thrombosis; ischemic colitis. . 
Hematologic — agranulocytosis: thrombocytopenic or nonthrombocytopenic purpura. 
Allergic — fever combined with aching and sore throat; laryngospasm; respiratory distress. 
~~ reversible alopecia; Peyronie's disease; erythematous rash. 

OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, employ the following measures as appropriate. In deter- 
mining duration of corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is no response 
to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been reported 
that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. (There is 
evidence that epinephrine may be the drug of choice.) 
F Bronchospasm — Administer a beta; stimulating agent and/or a theophylline 

erivative, 


DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED. 
For angina pectoris, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 


increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing 


of the heart rate; usual maintenance dose is 80 to 240 mg q.d. (most patients respond to 16 
mg or less daily). If treatment is to be discontinued, reduce dosage gradually over a 
period of 1 to 2 weeks (see WARNINGS). 

For hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg. 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 80 to 320 mg q.d. (rarely, doses up to 640 mg may be needed). 

Patients with renal failure require adjustment in dosing interval — see package insert 
for dosage in these patients. 

For full prescribing information, consult package insert. —— : 

HOW SUPPLIED: in scored tablets containing 40, 80, or 120 mg nadolol per tablet in 
bottles of 100 and 1000 tablets and in Unimatic® single-dose packs of 100 tablets. 








Reference: 
L Dataon file, Squibb Institute for Medical Research. 
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Now with the new series of Dynavit equipme 
graded exercise is possible on an ergometer wi 
own built-in. calibrating dynamometer. Controlle 
pulses of current are fed through electrical windin 
of the braking system and a magnetic field 
duced which becomes the braking torque to opp 
the fiywheel's rotation. The braking system is floa 
mounted such that it responds in a counter tors 
movement, and this is mechanically transmitted ii 
a precision strain gauge. | Y 
And a phototachometer accurately counts tr 
flywheel revolutions per minute. Therefore, the true 
and effective cranking effort (work rate — watts 
power expended) is dynamometrically. controle 
Constant, calibrated and controlled work rat 
dependent of pedal speed! — Md : 
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6750 Kaisersia 


world’s first 

digital camera 
designed 
for the cardiologist . 


Apex 215M: lightweight mobile cardiological gamma image 












































ipex 215M is a fully integrated nuclear system 
designed specifically for the cardiologist. 

Apex 215M fulfills all the requirements of modern 
nuclear cardiology. Compact, exceptionally 


maneuverable, easy to position and extremely D - 7 wd Image shows 
versatile, it combines superb single-crystal image : 8 : Regional Ejector, 
quality with the ultra-high count rates previously T |.) : Fraction. à] 


obtainable only with low-resolution multicrystal 
cameras. 


ISCINt Inc. 


138-160 Johnson Avenue, 
Hackensack, N.J. 076502, U.S.A. 


Call toll Free: 800-631-1694 


Universal Cardiological Capability 


Crystal Clear First-Pass Examinations at count rates 
high as 500,000 CPS and resolutions as fine as 
1.8 mm (bar phantom). Unobstructed RAO dynamic 

views of distinct clarity 

Ultra-Fast Equilibrium Gated Dynamics at 

unprecedented combinations of frame rate and 

resolution (64 frames per heart cycle for 642 matrices), 

at rest or during exercise. 

Superior Quality Static Myocardial imaging with | 
either Tc pyrophosphate or ??' TI. Images acquired 

and displayed on 5122 matrices with 256 gray levels 


A Set of Dedicated Cardiological Programs, 
ontinuously Enriched 


Touch a functional pushbutton, and Apex 215M 

provides: 

s Up to three simultaneous cine-views. 

e Wall motion visualization and quantification. 

æ Ejection Fraction and Ejection Rate calculation. 

e Remaining Fraction calculation. 

a Static or dynamic Regional Ejection Fraction Imaging. 

a End Diastole/Systole Volumes. 

e Shunt quantification. 

Programs unique to the Apex Line include special 
algorithms for diagnosing ventricular-atrial 

regurgitation and ventricular aneurysms. A whole new 

series of Apex clinical programs is now being tested. 


or better 
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25% lower in cost 


KLOTRIX® (potassium chloride), the |. bo X Arca tat 
economical slow-release KCl supplement, r | 

can save your patients as is much as 25%. 
KLOTRIX is priced to please in this world of 


soaring prices. 
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* Please see following page for summary of prescribing information. 
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ed release of potassium from the matrix to minimize the likelihood of producing high 
oncentrations of potassium within the gastrointestinal tract. 

(TIONS — BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 
ING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, THESE DRUGS 
ESERVED FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE 
ERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE 
OF COMPLIANCE WITH THESE PREPARATIONS. 
peutic use in patients with hypokalemia with or without metabolic alkalosis; in 
oxication and in patients with hypokalemic familial periodic paralysis. 
ntion of potassium depletion when the dietary intake of potassium is inadequate in the 
nditions: Patients receiving digitalis and diuretics for congestive heart failure; 
ith ascites: states of aldosterone excess with normal renal function; 
opathy, and certain diarrheal states. 
salts in patients receiving diuretics for uncomplicated essential hyper- 
Sary when such patients have a normal dietary pattern. Serum potassium 
y, however, and, if hypokalemia occurs, dietary supplementation 
foods may be adequate to control milder cases. In more severe cases 
assum salts may be indicated. - 
n patients with hyperkalemia, since a further increase in serum potassium 
atients can produce cardiac arrest. Hyperkalemia may complicate any of 
chronic renal failure, systemic acidosis such as diabetic acidosis. acute 
ssue breakdown as in severe burns, adrenal insufficiency, or the adminis- 
-sparing diuretic (eg, spironolactone, triamterene). ..- 
lassium chloride preparations have produced esophageal ulceration in certain 
patients with esophageal compression due to enlarged left atrium. | 
age forms of potassium supplements are contraindicated in any patient in whom there 
of arrest or delay in tablet passage through the G.I. tract. In these instances, potassium 
tentation should be with a liquid preparation. 
perkalemia: in patients with impaired mechanisms for excreting potassium, 
stration of potassium salts can produce hyperkalemia and cardiac arrest. This occurs most 
ly in patients given potassium intravenously but may also occur when given orally. Poten- 
atal hyperkalemia can develop rapidly and be asymptomatic. Use of potassium salts in 
nts with chronic renal disease, or any other condition which impairs potassium excretion 
65 particularly careful monitoring of the serum potassium concentration and appropriate 
ape adiustment. 
nteraction with potassium-sparing diuretics: Hypokalemia should not be treated by the 
tant administration of potassium salts and a potassium-sparing diuretic (eg, spironolac- 
riamterene), since the simultaneous administration of these agents can produce 
hyperkalemia. 

intestinal lesions: Potassium chloride tablets have produced stenotic and/or ulcerative 
eSions of the small bowel and deaths. These lesions are caused by a high localized concentration 
sium ion in the region of a rapidly dissolving tablet, which injures the bowel wall and 
produces obstruction, hemorrhage, or perforation. KLOTRIX is a wax-matrix tablet formy- 
provide a controlled rate of release of potassium chloride and thus to minimize the possi- 
a high local concentration of potassium ion near the bowel wall. While the reported 

juency of small-bowel lesions is much less with wax-matrix tablets (less than one per 
| patient-years) than with enteric-coated potassium chloride tablets (40-50 per 100,000 
ars) Cases associated with wax -matrix tablets have been reported both in foreign coun- 
-in-the United States. In addition, perhaps because the wax-matrix preparations are not 
“ated and release potassium in the stomach, there have been reports of upper gastroin- 
Meeding associated with these products. The total number of gastrointestinal lesions 
than one per 100.000 patient-years. KLOTRIX should be discontinued immediately 
sibility of bowel obstruction or perforation considered if severe vomiting, abdominal 
ition, or gastrointestinal bleeding occurs. 
acidosis: Hypokalemia in patients with metabolic acidosis should be treated with an 
ssium salt such as potassium bicarbonate, potassium citrate, or potassium acetate. 
ONS Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in à 
ical history suggesting some cause for potassium depletion. In interpreting the 
evel, the physician should bear in mind that acute alkalosis per se can produce 
1 the absence of a deficit in total body potassium, while acute acidosis per se can 
erum potassium concentration into the normal range even in the presence of a 
potassium. Treatment of potassium depletion particularly in presence of cardiac 
ase, or acidosis, requires careful attention to acid-base balance and appropri- 
erum electrolytes, electrocardiogram and clinical status of patient. 

TIONS Most common to oral potassium salts: nausea, vomiting, abdominal 
diarrhea. These symptoms are due to irritation of the gastrointestinal tract and are 
d by diluting the preparation further, taking the dose with meals, or reducing the dose. 
ost severe adverse effects is hyperkalemia (see Contraindications and Warnings). 
à have been reports of upper and lower gastrointestinal conditions including obstruction, 
ulceration and perforation (see Contraindications and Warnings): other factors known to 
ated with such conditions were present in many of these patients. Skin rash has been 
arely. 
| dietary intake potassium by the average adult is 40 to.80 mEq per day. Potassium 
flicient to cause hypokalemia usually requires loss of 200 or more mEq of potassium 
al body store. | 
ust be adjusted to the individual needs of each patient but is typically in the range of 
1 day for prevention of hypokalemia to 40-100 mEq per day or more for treatment of 
i depletion. oe er ee 
OTRIX slow-release tablets must be swallowed whole and never crushed or chewed. 
UPPLIED Bottles of 100. T S fan 
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(nitroglycerin tablets, USP) 


INDICATIONS =. 
Nitrostat is indicated for the prophylaxis, treat- 
ment and management of patients with an- 
gina pectoris. 


CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is contraindi- 
cated in patients with early myocardial infarc- 
tion, severe anemia, increased intracranial 
pressure, and those with a known hypersensi- 
tivity to nitroglycerin. 


PRECAUTIONS 

Only the smallest dose required for effective 

relief of the acute anginal attack should be , 
used. Excessive use may lead to the develop- 

ment of tolerance. Nitrostat tablets are in- 

tended for sublingual or buccal administration 

and should not be swallowed. The drug 

should be discontinued if blurring of vision or 

drying of the mouth occurs. Excessive dosage 

of nitroglycerin may produce severe headaches. 


ADVERSE REACTIONS 

Transient headache may occur immediately 
after use. Vertigo, weakness, palpitation, and 
other manifestations of postural hypotension 
may develop occasionally, particularly in 
erect, immobile patients. Syncope due to ni- 
trate vasodilation has been reported. Alcohol 
may accentuate the cerebral ischemia 
symptoms. 


METHOD OF ADMINISTRATION 

One tablet should be dissolved under the 
tongue or in the buccal pouch at the first sign of 
an acute anginal attack. The dose may be re- 
peated approximately every five minutes until 
relief is obtained. Nitrostat may be used pro- 
phylactically five to ten minutes prior to engag- 
ing in activities which might precipitate an 
acute attack. 


HOW SUPPLIED 
Nitrostat is supplied in four strengths in bottles 
containing 100 tablets each, with color-coded 
labels, and in color-coded Patient Conven- 
ience Packages of four bottles of 25 tablets each. 
0.15 mg (1/400 grain): N 0071-0568-24 [06]— 
bottle of 100 tablets; 
N 0071-0568-13— Convenience Package. 
0.3 mg (1/200 grain): N 0071-0569-24 [06]— 
bottle of 100 tablets; 
N 0071-0569-13— Convenience Package. 
0.4 mg (1/150 grain): N 0071-0570-24 [06]— 
bottle of 100 tablets; | 
N 0071-0570-13— Convenience Package. 
0.6 mg (1/100 grain): N 0071-0571-24 [06]— 
bottle of 100 tablets; — 
N 007-0571-I3— Convenience Package. YF 
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THE ECG OF THE 80s... 


It Sets The Standard For Years To Come 








The Standard For Cost Efficiency Total time 
from patient set-up through record mounting can 
be reduced by half, enabling labor cost Savings 
in the competitively priced VS-550. The Savings 
are due to the total system concept of the in- 
strument...from automatic lead switching to the 
unique PERFform™ perforated paper and mount- 
ing system. 


The Standard For Reliability New technology 
and over 60 years of experience...the VS-550 
combines the best of both to give you high 
performance and reliability. The unit features 

a rugged high impact molded case, 
microprocessor-controlled circuitry, and a touch 
control panel that far surpasses in reliability, the 
Standard mechanical lead selector switch. 


The Standard For Operating Ease Simplicity of 
operation is achieved in the VS-550. from its in- 
stant paper loading through its automatic lead 
and calibration marking. And, at just the touch of 
a Switch...an optional AC Eliminator removes 


line power interference without distorting the ECG. 


SENSITIVITY 
mim/mV 








The Standard For Serviceability The VS-550 
has been designed for simplicity of service and 
has the ability to instantly analyze instrument 
performance, on demand, through the 
AUTOTEST™ program. Most service adjustments 
can be made without disassembly. Downtime is 
reduced to a minimum, because of plug-in 
modular construction and the backup you get 
from our nationwide service organization. 


For demonstration or ordering information, please * 
write or call collect: 73 Spring St., Ossining, N.Y. 
10562, Tel: (914) 941-8100, Ext. 550. 


Cambridge 
Instrument 


Company, Inc. 
first in electrocardiography 





The VS-550: The New Standard 
In Single Channel Electrocardiography... 
From The Company Who Developed The First 
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An antihypertensive 


Lopressor’ beta-blocking agent 


metoprolol tartrate 
Brief Summary of Prescribing information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt Cardiac fail- 


ure (see Warnings). 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure. and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. in hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 
tiously. Both digitalis and metoprolol slow AV 
conduction. 

in Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-biocking agents over a period of time can, in 
some Cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 


should be fully digitalized and/or be given a diuretic. 


and the response observed closely. If cardiac fail- 
ure Continues, despite adequate digitalization and 
diuretic, Lopressor therapy should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, Myocardial infarction have been reported. 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
toned against interruption of therapy without the 
physician's advice. 

Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta, -stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
dosing interval. (See Dosage and Administra- 
tion.) 

Major Surgery: The necessity or desirability of 
withdrawal of oeta-blocking therapy prior to major 
surgery is controversial It Should be noted. how- 
ever, that the impaired ability of the hean to respond 
to reflex adrenergic stimuli may augment the risks 





Still the most 
advanced concept 
in beta blockers 


of general anesthesia and surgical procedures. 
Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its el- 
fects can be reversed by administration of such 
agents, e.g.. dobutamine or isoproterenol. How- 
ever. such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
Maintaining the heart beat has also been reported 
with beta blockers. 

Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia {eq tact ycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
Caution in diabetic patients. especially those with 
abile diabetes. 

Thyrotoxicosis: Deta-adrenergic blockade may 
Mask certain clinical signs (e.g . tachycardia} of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta bi crade which 
might precipitate a thyroid storm. 

Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug Interactions: Catecholamine-depleting 
drugs (e.g.. reserpine) may have an additive effect 
when given with beta-biocking agents. Patients 
treated with Lopressor plus a Catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or marked oradycar- 
dia which may produce vertigo, syncope. or 
postural hypotension 

Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In one-year 
study in dogs, there was no evidence of drug- 
induced toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneousty occuring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence ol generaly mild local accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slightincrease in Diary hyperplasia. Neither 
finding represents Symptoms of a known disease 
entity in man. In a 21-month Study in mice at three 
Oral dose levels of up to 750 mg/kg per day, benign 
lung tumors {small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals There Was noin- 
crease in malignant tung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration 

Usage in Pregnancy: Reproduction Studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential There was evi- 
dence in the rat of increased postmplantation loss 
and decreased neonatal survival (threshold be. 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprotol 
iS administered to the pregnant animal. There are 
no well-controlled studies in pregnant women. 
Lopressor should be used in pregnant women only 
when clearly needed. 

Nursing Mothers: it is not known whether this drug 
i5 excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 
Usage in Children: safety and effectiveness in 
children have not been established: 

Adverse Reactions Most adverse ellects have 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares. and insomnia have also 
been reported but drug reiationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities: arterial insufficiency, 
usuaily of the Raynaud type: palpitations and con. 


LOPRESSOR 


metoprolol tartrate  ...... 


i?rBO: 326-2?27.A 


[ov 


gestive heart failure have been reported. See Co 
traindications, Warnings, and Precautions. 
Respiratory: Wheezing ( bronchospasm) has be: 
reported in less than 1 of 100 patients. See Warn. 
ings. 

Gastrointestinal: Diarrhea has occurred in abou 
of 100 patients. Nausea, gastric pain, constipatio 
tlatulence. and heartburn have been reported in^ 
100 or less. 

Allergic: Pruritus has occurred in less than 1 Of 
panents. 

Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100.000 patients 

The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not Deen re- 
ported with Lopressor during investigational use 
and foreign marketing experience 

Potential Adverse Effects: in addition a vanety c 
adverse effects not listed above have been re. 
ported with other beta-adrenergic blocking agent: 
and should be considered potential adverse effec 
of metoprolol. - 
Central Nervous System Reversible mental de- 
Pression progressing to catatonia: visual distur- 
Dances: hnallucinations; an acute reversible syn- 
Groome characterized by disorientation for time anc 
place, short-term memory loss. emotional lability. 
sightly Clouded sensonum and decreased per- 
'Oormance on neuropsychometncs 

Cardiovascular: intensification of AV block (see 
Contraindications) 

Hematologic: Agranulocytosis. nonthrombo- 
Cylopenic purpura. thrombocytopenic purpura 
Allergic: Erythematous rash, fever combined with 
aching and sore throat. laryngospasm and respira. 
tory distress 

Miscellaneous. Reversible alopecia 

Clinical Laboratory Test Findings Elevated blood 
urea levels in patients with severe heart disease. 
elevated serum transaminase alkaline phos- 
phatase. lactate dehydrogenase 


Dosage and Administration Dosage of Lopressor 
should be individualized The usual initial dose is 
90 mg twice daily whether used alone or added tog 
Giuretic. The dosage may be increased at weekly 
(or longer) mtervals until optimum bined pressure 
reduction is achieved. in general. the maximum ef. 
fect of any given dosage level will be apparent alter 
one week of therapy Usua! maintenance dosage is 
approximately 100 mg twice a day, with d range of 
100 to 450 mg per day Dosages above 450 mag per 
day have not been studied. While twice-daily dos- 
Ing Is effective and can maintain a reduction in 
biood pressure throughout the day, some patients, 
especially when lower dosages are used. will expe- 
Hence a Modest nse in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained throughout 
the day If control is not adequate. a larger dose, or 
three times daily therapy. may achieve better con. 
iro. Beta, selectivity diminishes as dosage of 
Lopressor is increased. 

This drug should be stored at controlled room tem- 
perature and protected from moisture. 

How Supplied Tablets of 50 mg (capsule-shaped. 
scored. ight red. film-coated) and 100 mg 
(Capsule-shaped. scored, ight blue. film-coated) 
are supplied in bottles of 100 and 1.000 and Unit 
Dose Packages of 100 


Store at controlled room lernperature and protect 
from moisture. 


Dispense in tight, ight-resistant container (USF) 


667292 C79-22 (879) 


Por Complete details. including description, cim 
pharmacology and overdosage. please see iul 
prescribing information 
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To determine the kinetics of the antifibrillatory effects of bretyilum. we ( 
and to assess the relative importance of myocardial versus serum d 
concentrations, studies were performed in 32 dogs after they received 
bolus injections of bretylium tosylate (6 mg/kg or 2 mg/kg body wei 
or saline solution. Parallel determinations were made of drug conce 
trations in serum and myocardium, together with antifibrillatory al 
electrophysiologic effects, both with and without 2 minutes of corona 
ischemia produced by temporary coronary ligation. Serum bretylium 
concentration decreased rapidly after intravenous injection, where. 
myocardial concentrations increased gradually, peaking at 1.510 6 hou 
in both open and closed chest dogs. The ratio of myocardial to serum í 1 
concentration increased to 6.4 to 12.6 at 12 hours. Parallel elimination 
of the drug in serum and myocardium occurred thereafter, with elimina i 
half-life of 10.5 hours (closed chest dogs). um 
Electrophysiologic and antifibrillatory effects paralleled myocardia 
rather than serum drug kinetics with peak effects at 3 to 6 hours. T 
ventricular effective refractory period was 24 to 26 ms greater at 3 hou 
in dogs treated with the drug than in those receiving saline solution. T 
ventricular fibrillation threshold increased 6 to 10-fold after 2 mg/kg o 
the drug was given at 3 to 6 hours in dogs both with and without ischemia 
in comparison with that in control animals treated with saline solutior 
The average increase in threshold exceeded 12-fold after administration 
of 6 mg/kg of the drug (2 minutes to 12 hours). The repetitive ventricula 
response threshold 3 hours after drug administration increased 5-fold aft e 
2 mg/kg and 18-fold after 6 mg/kg of the drug was administered in i og 
with or without ischemia. 
These studies elucidate canine serum and myocardial drug kinetics 
of bretylium, quantify the prolonged antifibrillatory effect of this drug W 
its delayed maximal effect and emphasize the importance or tissue le i 
of bretylium in determining drug action. 2 


Rational therapy ri nce dr drugs i is s predicated o on Lan 
| "Anil à ofaction b? 














drug concentrations in E ima 
response or adverse e pets. Howes, ee correlations n may Da be: 
in drugs heavily concentrated in myocardial tissue, particularly du 
short- term administration when conditions of equilibrium do. 
apply. Y 

Bretylium. tosylate is an antiarrhythmic drug recently approved 
general use in therapy of refractory ventricular tachyarrhythm 
Initially introduced # nore than 20 years ago as an antihypertensive: 
It] ecause of rapid development of tolerance : 
wi 1 h oral dosing. Bacaner? first discovered its 
| ( ore than 10 years ago, and championed its à 
cation as an antiarr nythmic agent. 
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uring 


Juring short-term administration, bretylium displays 
biphasic effect on the cardiovascular system.9? An 
ial increase in blood pressure accompanied by 
iycardia is a manifestation of local catecholamine 
ase at adrenergic nerve endings.9? This is followed 
a decrease in blood pressure and relative bradycar- 
.a manifestation of the drug’s antiadrenergic effect. 
latter is usually the predominant effect. The elec- 
Physiologie effects of bretylium are complex and 

relation to antiarrhythmic effects is as yet un- 

549 The direct antiadrenergic as well as early 

'athomimetic effects during administration have 

en mentioned as potential contributing mecha- 

ms. An increase in the ventricular fibrillation 
shold was described more than a decade ago in dogs 
:d with bretyllium on a short-term basis,® but more 
ntly questions concerning the drugs antifibrillatory 
vell as its antiarrhythmic effects have again been 
ised. - 
he chemical and pharmacologic effects of bretylium 
ice it in a class separate from other currently available 
tiarrhythmic drugs.!!:!2 Studies to date have inade- 
ately elucidated the disposition and mechanism of 
ction of bretylium. Similarly, the onset and time course 











tudies has heretofore not been available, and a thera- 
eutic range for drug concentrations has not been es- 


defined. A reliable assay for bretylium to allow such 


. Recently, a sensitive and reliable gas chromato- 
raphic assay for bretylium was developed in our labo- 
itory,!? which has allowed us to examine several of 
lese questions about the drug's action. Specifically, our 
purpose was to investigate the time course of antifi- 
rillatory effects of bretylium after bolus injection in 
7s, and to correlate the drug's antiarrhythmic effects 
h both serum and myocardial concentrations. The 
ults confirm the marked antifibrillatory effect of this 
it and emphasize the importance of tissue kinetics 
etermining this behavior. - 


Methods 


Serum and tissue pharmacokinetic studies in open 
hest dogs: Ten male mongrel dogs weighing 10 to 20 kg were 
nesthetized with sodium pentobarbital, 30 mg/kg bodyweight 
itravenously. The left common carotid artery was exposed 
cannulated for continuous monitoring of blood pressure. 
e left external jugular vein was cannulated as an access 
te for administration of bretylium tosylate. The right 
10ral vein was also cannulated, and a catheter placed into 
inferior vena cava above the level of the renal veins and 
ow the level of the hepatic veins. Percutaneous electrode 
ds were attached to generate an electrocardiogram for 
intinuous monitoring. The chest was opened with cautery 
| the fourth left intercostal space and the heart was sus- 
ended in a pericardial cradle. 
Bretylium tosylate was administered intravenously over 
60 seconds in doses of 6 mg/kg (seven dogs) or 2 mg/kg (three 
gs). Blood samples (3 ml) were taken for serum bretylium 
determinations at the following times after injection: 0, 1, 2, 
4, 8, 15 and 30 minutes and 1, 2, 4, 8 and 12 hours. Full thick- 
ness myocardial tissue samples (50 to 100 mg) were taken with 
a cylindrical biopsy punch (4 mm in diameter) from the left 








< ventricular free wall at 


antiarrhythmic effect, blood distribution and elimi- 
ation kinetics and tissue kinetics have not been well 








: l at 30 minutes, 90 minutes, 6 hours and. 
12 hours after drug injection. The dogs were killed at 12-hours, 
and tissue samples from the left and right ventricles, inter- 
ventricular septum, anteromedial papillary muscle, mitral 
valve and atria were taken immediately post mortem for 
analysis of cardiac distribution of bretylium. Tissue samples 
were carefully blotted dry, weighed and dissolved in 500 uliters 
of 16 normal sodium hydroxide. Solutions were neutralized 
with 800 uliters of 7 normal hydrochloric acid. Solubilized 
tissue and serum were analyzed for bretylium concentrations 
using a high resolution gas chromatographic assay recently 
developed in this laboratory, and sensitive to 1 ng/ml bretyl- 
ium. ?? Samples were analyzed in duplicate or triplicate and 
results expressed as ug/ml or ug/g of bretylium free base in 
serum or tissue, respectively. _ 

Long-term single dose drug kinetics in closed ches 
dogs: To determine pharmacokinetics in tissue and serum of 
single dose bretylium in intact animals, six male mongrel dogs 
weighing 10 to 20 kg were given a single dose of 6 mg/kg of 
bretylium tosylate intravenously and observed for 48 to 96 
hours (median 72 hours). Using a clean surgical technique, we 
exposed and cannulated the right internal jugular vein with 
a 9 French catheter introduced while the animal was sedated 
with sodium pentobarbital (30 mg/kg). Continuous electro- 
cardiographic monitoring (lead II) was used during drug ad- 
ministration and sampling. 

The drug was next administered over 60 seconds. Cardiac 
tissue samples were taken from the right interventricular 
septum using the Stanford right ventricular bioptome as de- 
scribed by Mason! and adapted to dogs. Three to five indi- 
vidual biopsy specimens were taken at each time point, to 
yield at least 5 mg of myocardial tissue per sample time. Si- 
multaneously, venous blood (3 to 4 ml) was withdrawn for 
drug assay. After drug injection, tissue and blood samplings 
were performed at 30 minutes and 3, 6, 12, 24, 36, 48 and 72 
hours. 

After initial sampling, the dogs were allowed to recover 
from pentobarbital anesthesia, then reanesthetized lightly 
each 12 to 24 hours to provide sufficient sedation for subse- 
quent biopsy samplings. Between sampling times, dogs were 
fed and watered, and allowed free activity in their cages. After 
the final sampling point, they were killed and tissue samples 
from the representative myocardial sites earlier noted were 
taken for confirmation of final myocardial drug concentration 
and intracardiac distribution of drug. Samples were processed 
and analyzed as previously described. 

Ventricular fibrillation threshold determination: To 
determine the effect of bretylium on the ventricular fibrilla- 
tion threshold, 17 male mongrel dogs weighing 10 to 20 kg were 
given bretylium intravenously in doses of 2 mg/kg (6 dogs) or 
6 mg/kg (4 dogs) of the tosylate salt or normal saline solution 
(7 dogs) over 60 seconds. Serial determinations of the ven- 
tricular fibrillation threshold were made.!^!6 Dogs were pre- 
pared while sedated with sodium pentobarbital (30 mg/kg). 
The common carotid artery was isolated and cannulated for 
constant arterial pressure monitoring using a Statham pres- 
sure transducer. The left external jugular vein was cannulated 
as a venous access site for drug administration. With use of 
cautery, a left thoracotomy was performed in the fourth in- 
tercostal space and the heart was suspended in a pericardial 
cradle. 

A biopolar electrode, consisting of silver-silver chloride 
electrodes 1 mm in diameter and imbedded in an acrylic 
plaque, was sewn onto the anterior right ventricle. Electrodes 
were cleaned daily with emery paper. A pacing electrode was 
attached to the left atrium using an alligator clip to allow for 
pacing with a Grass model SD5 stimulator. A plunge bipolar 
electrode (1 cm in length) was sewn into the surface of the left 
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sed t determine the effective refractory pétiod. 
ectrocardiogram was monitored continuously 
ix oscilloscope. 'The left anterior descending 
y: was dissected free in its mid ine A double 












is beet fit 9 ni as ot ates Venteiculis ef- 
fractory periods, ventricular fibrillation thresholds 
jou nok with: sechemia) and deside ventricular re- 
















rr 7 tion: “of one fibrillation firesi was 
with a modification of the method of Kroll and 
“Animals were paced from the atrium at 175 
in. Four ms fibrillation pulses of 60 hertz frequency 
200 : ) ms total duration were synchronized to the pacing 
nulus with a 50 ms delay, so as to scan the T wave in. the 
fe vulnerable period of the heart. The current delivered was 

| ensured exactly by recording voltage drop across a precision 
1,000 ohm resistor in series with the electrodes. Current in- 
eu tensity was increased in 0.5 mA increments to 5 mA, then in 
p mA increments to 10 mA, 2 mA increments to 20 mA and 5 
























oped. Three attempts at each current level were made. The 
current intensity inducing sustained ventricular fibrillation 
was defined as the ventricular fibrillation threshold. When 
| fibrillation occurred, the heart was immediately defibrillated 
.. using a capacitor discharge direct current defibrillator charged 
.. to 10 to 15 joules. The heart was allowed to recover for a 
. minimum of 15 minutes after each determination. 

— The schedule for determination of ventricular fibrillation 
threshold was as follows: Before drug administration, a con- 
trol determination was made in the absence of ischemia. After 

— a 15 minute rest interval, the mid anterior descending coro- 
mary artery was ligated and control ischemia threshold de- 
terminations were begun after 2 minutes. The ligature was 
released after fibrillation was precipitated, and the heart was 
promptly defibrillated. A 30 minute recovery period was al- 
lowed and drug or saline solution was administered. 'Two 
.. minutes after injection the threshold was determined; 30 
. minutes after the drug was given, threshold measurements 
| were repeated; a 15 minute interval was allowed and ischemic 
: threshold. was determined. Similar threshold determinations 
without and with ischemia were made at 90 minutes and 3, 6 
| Yours after injection. Adequate hydration was provided 
pee pressure in the normal range over the 12 
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A increments to 50 mA until ventricular fibrillation devel- - 


' linear regression program. Differences in mean responses of 


. FIGURE 1. Concentrations of bretylium tosylate in serum and myocardial tissue after injection of 6 mg/kg (A) and 2 mg/kg (B) intravenously C 
60 Beconce in open chest dogs (seven and three dogs, respectively). Results given as mean + standard error of the mean. : 
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Ventri uis effective refractory period: and resp 
threshold: Ventricular response threshold was measur 
the beginning of each determination of ventricular fibril 
threshold. The ventricular response threshold was def 
the minimal current required to induce a ventricular | pr 
ture beat in one to three attempts. ; 

The left. entricular effective refractory period was de 
as the longest Q-Ss interval at which a premature i 
(Q-S2) consistently failed to cause ventricular depolar 
this refractory p eriod was assessed just before each d 
nation of ventricular fibrillation threshold. To make! 
, ventricular extrastimuli (89) were intro 
ight paced sinus beats at two to three tim 




























































stolic threshold through a plunge bipolar electrode i 
ventricle. Q-S» intervals. were reduced. by 5 5 to 10 ms 
ventricular capture failed. - | 

F e ventricular response threshold: Dur 
determinations of ventricular fibrillation threshold, th 
rent at which more than two premature complexes we! 


ited by the fibrillation pulse (during at least one of three 
at a given current level) was defined for purposes of this st 
as the repetitive ventricular response threshold. | 

Three to four ml of blood was withdrawn at the time of ec 
threshold determination, to enable comparisons to be mad 
between serum bretylium concentrations and drug effe 
Samples were obtained at 2, 30 and 90 minutes and 3, 6 an 
12 hours, and analyzed as previously described. Immediate 
after testing at 12 hours, the animal was killed and a 1 g tis 
sample obtained from the left ventricle. ‘Tissue analysis. 
bretylium was performed as previously noted. 

Analysis of data: Electrophysiologic variables and ser 
and tissue drug concentrations were plotted as mean + st. 
dard error of the mean versus time for each separate grou 
animals. Drug elimination constants were determined by 


two or three groups at-a given time were analyzed with St 
dent’s £ test or with analysis of variance for pairwise cor 
parisons.!^ When geometric response in the group receiving 
6 mg/ kg substantially violated the equal variance assumpt 

(that is, repetitive ventricular response threshold, nonischem 
dogs), treatment responses were analyzed independently W 
use of the i test. Paired t testing was used to compare respo 
of a given variable i in animals under two conditions. Simi 
in response. of different variables at a given time was sou 
using a correlation program. Significance was assumet 
probability (p) level of «0.05. For purposes of ana 
(minimal ventricular fibrillation threshold. of 5 50. 









Tissue 





erum and tissue bretylium in open chest dogs: 


intravenous injection of 6 mg/kg (n = 7) of 


ylium. tosylate, in seven open chest dogs. serum | 
ylium concentration decreased rapidly along a 


ilinear (biexponential) curve from a peak of 19.6 4- 
ml, at 1 minute after injection, to 6.5 + 0.4 ug/ml 
inutes and 2.5 + 0.3 ug/ml at 12 hours (Fig. 1A). 

on half-life (t 1/2) was approximately 3 min- 

terminal t 1/2 9.1 hours. Myocardial drug 
ation, in contrast, increased progressively with 

_to serum drug concentration over the 12 hour 

d. Tissue bretylium was similar to serum bretylium 

30 minutes (7.3 + 1.4 ug/g), increased rapidly by 90 

nutes (13.7 + 1.2 ug/g), peaked by 6 hours (15.1 + 1.5 

/g) and remained at a plateau elevation at 12 hours 

4.6 + 1.3 ug/g). The ratio of myocardial to serum 

retylium increased progressively throughout the study 
1.2 x 0.3 by 30 minutes and to 6.4 + 1.0 at 12 

Urs. 

The cardiac distribution of bretylium is shown in 

gure 2. At 12 hours significant correlations existed in 


'etylium concentrations in the left ventricle (14.6 + 
ug/g), right ventricle (14.3 + 1.5 ug/g), interven- 
icular septum (14.6 + 1.6 ug/g) and anteromedial 
ipillary muscle (14.0 + 1.6 ug/g; p «0.01 for all corre- 
tions). Atrial bretylium concentration was slightly 
though significantly lower (12.2 + 1.2 ug/g; correlation 
0.05). In contrast, the mitral valve leaflet, a relatively 
ascular tissue, accumulated bretylium to a concen- 
ation of only 2.0 + 0.3 ug/g. 
After injection of 2 mg/kg of bretylium tosylate 
hree dogs), serum bretylium concentration decreased 
ong a multiphasic curve similar to that for the larger 
se (Fig. 1B). Serum bretylium declined from 6.25 + 
| ug/ml at 1 minute after injection to 2.19 + 0.08 
ml at 30 minutes and to 0.87 + 0.10 ug/ml at 12 
rs. Myocardium concentrated bretylium heavily at 
lose as well, with tissue bretylium maintaining a 








ie 





= 





LV IVS PM Atria MV 


URE 2. Cardiac distribution of bretylium (4tQ/g) at 12 hours in the 
on dogs in Figure 1A. IVS = interventricular septum; LV = left 
tricle; MV = mitral valve leaflet tissue; PM = anteromedial papillary 

uscle; RV = right ventricle. Results given as mean + standard error 
e mean. 


* 





~~ hours. 
Long-term serum and tissue bretylium in closed _ 
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chest dogs: Serum and myocardial bretylium concen- 


trations measured in closed chest dogs allowed to re- 


cover consciousness are presented in Figure 3. Myo- 
cardial tissue was obtained by transvenous endomyo- 


cardial biopsy from the right interventricular septum. | 
in six dogs at various time points after 6 mg/kg of — 
bretylium was injected (see methods). The accuracy of © 
measurements obtained with endomyocardial biopsy. - 
samples. was confirmed by comparison with larger . 
samples obtained when the dogs were killed. Serum and 
cardiac bretylium concentrations were similar at 30 — 
minutes (7.15 + 0.59 and 7.85 + 0.68 ug/mg, respec: 
tively), with a mean tissue to serum ratio of 1.2 + 01: 5 
These measurements were also similar to those at30 


minutes in closed chest dogs (Fig. 1A). Serum bretylium 
then continued to decrease in a nonlinear exponential 
fashion to 1.35 + 0.07 ug/ml at 12 hours. This somewhat 
smaller concentration, when compared with the 12 hour 
value in open chest given bretylium on a short-term 
basis, may reflect improved renal excretion in these 
lightly anesthetized intact animals. Between 12 to 24 
and 72 hours, elimination followed a log-linear course, 
with an elimination rate constant (A1-s) by linear re- 
gression analysis of 0.0663 + 0.008 hour^!, and an 
elimination half-life from serum (t 1/2-s) of 10.4 hours 
(harmonic mean). 

Myocardial bretylium concentration increased after 
30 minutes to peak levels at 3 and 6 hours of 11.3 + 0.7 
and 13.0 + 2.3 ug/g, respectively. Myocardial concen- 
tration of the drug persisted at this high level until 12 
hours (11.2 + 1.6 ug/g), then decreased in parallel with 
serum bretylium concentration between 24 and 72 hours 
from 6.25 + 0.91 to 0.37 + 0.05 ug/g. Tissue elimination 
rate constant (Al-m) between 24 and 72 hours was 
0.0662 + 0.009 hour-!, virtually identical to that for 
serum (A1-s). Myocardial elimination half-life (t 1/2-m) 
was 10.5 hours. T'he ratio of myocardial to serum 
bretylium in this interval averaged 12.6 + 1.9 ug/g per 
ug/ml in the six dogs. These data indicate, in the intact 
animal, marked myocardial concentration of bretylium, 
with pseudoequilibrium (parallel elimination) being 
first established between 12 and 24 hours after single 
dose injection. Myocardial bretylium was still easily 
detectable by our assay at 72 hours. ! 

Effects on effective refractory period and re- 
sponse threshold: Bretylium injections caused a 
time-dependent increase in the left ventricular effective 
refractory period (Fig. 4). The effective refractory pe- 
riod was unaffected by determination of the ventricular 
fibrillation threshold, including cardioversion, as shown 
by the comparability of refractory periods before and 
after control fibrillation threshold measurement in each 
group (p = difference not significant). Each of the two 
control refractory period measurements were also 
comparable among the three groups. However, after 
injection of bretylium, significant divergence in re- 
sponse among treated and control groups developed by 
90 minutes (p = 0.007) and persisted through 12 hours 
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in the ratio was 8.5 + 









concentrations in in serum n (ug/mi) and = ( 
/g) in closed chest dogs after bolus — 

6 mg/ the drug. Tissue samples obtained = 
nous endomyocardial biopsy. All six dogs were ^. 
ae three for 72 hours and one for 96. 0.02 
REN ) Values Spit as mean + standard |. — 
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At 2 Lminutés after injection. of 6 mg/kg of the 
(nonischemic conditions), ventricular fibrillation 
ed in two dogs (at 35 mA and 40 mA, es 
but not in another two dogs (greater | than 


(ps 0. 046, dinalysis of variance). Response after injec- 

tion of saline solution was flat over time, with mean 

effective refractory periods of 151 to 153 ms. In contrast, be el 
after administration of 6 mg/kg of the drug (four dogs), | 

-the refractor y period increased from 156 + 3 at 0 minute 

1 d 158 x 1 at 30 minutes to 171 + 4 ms at 90 minutes. 

| ive e refractory period obtained at 3 hours 

yersisted at Su ia t4ms and de- 






























bn greeter s oon min to 6 
1 those after administration of saline solution 





ntrol E T response threshold average 
^ € 0.01 mA (16 dogs), and varied in a fashion s rallar to 
.. effective refractory period. The response thres old was 
invariant after fibrillation threshold determinations and 
over the 12 hour study period after injection of saline 
solution, but tended to increase after adminis ation of 
retylium. The peak: response threshold occurred at 6 
averaging 0.17 + 0.02 mA after 2 mg/kg and 0.18 
J after 6 mg/kg of the drug was given. These 
wes were not quite significant (p = 0.05 to 0.10). 
fects on ventricular fibrillation threshold: 
ases in ventricular fibrillation threshold 
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developed after injection of bretylium tosylate (Fig. 5). FIGURE 4. Effective refractory period (ERP) plotted in ms + s 
| Differences ir response among the groups treated with err f the mean versus time. Control time C is before drug a 
| bretylium and the control group treated with saline tration and initial ventricular fibrillation threshold determination 
Tation were obviously highly significant fróm vine ti is after initial determination of fibrillation threshold | A 
so ghiy SIE before drug administration. Other times are 2, 30 and 90 mi 
utes to 12 hours (p «0.001, analysis of variance) (Table 3, 6 and 12 hours. Groups include four dogs receiving 6: 


bretylium, Six receiving 2 mg/kg and six receiving saline soluti 
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JRE 5. Ventricular fibrillation threshold (VFT) response in mA with time after acute injection of 6 mg/kg (four dogs) or 2 mg/kg (six dogs) of 

(lium or of saline solution (six dogs). Open syrnbols represent nonischemic and closed symbols represent ischemic (2 minutes) conditions 

xt). Values are plotted as mean + standard error of the mean. The control measurement is before drug administration; first measurement 

fter drug administration is at 2 minutes (nonischemic). The mean ventricular fibrillation threshold for the group receiving bretylium is greater than 
mA, which is above the range of determination. See text for individual variations. | 
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petitive ventricular response (RVR) threshold 
ersus time before (control) and after administration 
ug or saline solution. Times and number are similar to 
those i in Figure 5. Results are plotted as mean + standard 
error of the mean. Open symbols indicate nonischemic, 
slosed. symbols ischemic (2 minutes) conditions. The first 
ey measurement after drug administration is at 2 minutes 
um tnonischomic). 






























-. dogs could be fibrillated at 30 minutes (at 18 mA); (p = 
0.002, control time versus 2 minutes) and that of two of 
four at 12 hours (at 35 mA and 40 mA). For ali other 

_ determinations, protection from fibrillation despite 
< ischemia was provided to the maximal level, 50 mA 

impulses. . j 

. .. [ncreases in ventricular fibrillation thresholi also 

A occurred after injection of 2 mg/kg of bretylium salt (six 
| ogs) but these changes fell within the range of deter- 

l "ig. 5). By 2 minutes after- injection, fibril- 

'eshol increased from 3.6 + 0.5 to ' 7.5 X 


el iw 


Jnd ts by y 30 ) minutes to 10. 3 + 2.7 mA, I gif 



























“continued to rise ina eee manner PA peak at 31 
23.5 + 5.4 mA) and 6 hours (25.0 + 8.2 mA; bu 
ed somewhat by 12 hours (to 16.0 € 2.1 mA). 
rences bet roups 1 | and 
the gr up treated. with saline solution were apparent 
from 90 minutes through 12 hours (Scheffe). |. 
- The ventricular fibrillation threshold response was 
imi lar after ischemia at each time point in the g group 
eiving 2 mg/ kg, but thresholds were lower than for 
shemic conditions. (Fig. 5). As noted in Methods, 
|. each animal served as its own control for ischemic versus 
s mic conditions. The mean threshold during 
letermination was 2.1 + 0.4 mA, increased to 
‘+ 1.7 mA at 30 minutes after drug administration 
p- 0.03) and further increased to maximal levels at 3 
d 6 hours (18.6 + 5.8 mA, 21.3 + 8.3 mA, respectively). 
ome decrease occurred by 12 hours (to 12.0 + 1.8 mA). 
Differences between the bretylium-treated and sä- 
- line-treated groups were significant from 30 minutes to 
12 hours (p < < 0. 01, Scheffe). 
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No change dea. in the fibrillation threshole 
the seven control animals receiving saline solution. w 
time in either the ischemic or nonischemic state. ' 
response in control animals verifies the stabili 
ventricular fibrillation threshold over at least 12 he 
in these open chest preparations. The threshold w 

hemia (1.7 to 1.9 mA, range of the mean): wa 
proximately half of that without ischemia (3.5 to 






















range of the mean): and differed significantl 
timed determination ! ). This finding cor 
delet us effect. of tachemia on ventricular fi 







lar response threshold as defined 


in Figure 6. After injection ( 6 mg/l k 
ium tosylate in four dogs, the mean response 
began to increase by 2 minutes (from 1.3 € 0.3 


, peaked at 3. hours (21.4 € 10.0 mA), tł 
but remained elevated above control va 
s (8.8 + 3.2 mA). Significant: geometric 
tween the bretylium-treated and saline- 
were present between 30 minutes and 1 
J8, t test). After 2 minutes of coronary isch 
6 mg/kg of the drug also raised the response thre 
so that at 90 minutes it had increased from 1.3 + 
3.7 mA (p = 0.01). The bretylium-treate 
reated groups showed differences betwe 
minutes and 12 hours (t test). As expected, the ab: 
n during ischemia was generally low 
nonischemic conditions. 
Elevation in repetitive ventricular res, 
hold of a lower magnitude developed aft 
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GURE 7. Serum (ug/ml) and final myocardial tissue (ug/g) concen- 
tions of bretylium in animals subjected to electrophysiologic testing 
ig. 4 to 6). Results are presented as mean + standard error of the 
ean. Compare also with Fig. 1, A and B. 








g/kg of bretylium tosylate. In this group (n = 6) the 
reshold increased from 1.2 + 0.2 mA in the control 
iod to 4.0 + 1.1 mA at 90 minutes (p = 0.03), and to 
maximum of 5.4 + 1.9 mA at 3 hours. Persistent ele- 
tion of 4.3 + 1.0 mA was present at 12 hours. The 
etylium-treated and saline-treated groups showed 
ignificant differences between 90 minutes and 12 hours 
t test). Similarly, augmentation in the response 
hreshold occurred in animals treated with 2 mg/kg of 
he drug after coronary ischemia, with control threshold 
f 0.8 + 0.2 mA rising significantly to 2.0 £ 0.6 at 30 
ninutes (p = 0.03), and further to 4.9 + 2.0 mA at 3 
ours. Elevation persisted at 12 hours (3.0 + 0.6 mA). 
‘he mean values in the saline- and bretylium-treated 
ups were significantly different from 90 minutes to 
hours. 

The repetitive ventricular response threshold was 
le for 12 hours in the control animals in Jected with 
ze solution. Repetitive response was elicited at 
ver current with ischemia (raean 0.7 + 0.1 mA) than 
out ischemia (1.5 + 0.1 mA) (p = 0.03, t = 0) (Fig. 




























viously proposed as a subfibrillatory measure of 
ricular fibrillation threshold, repetitive ventricular 
onse threshold followed the general temporal con- 
on of fibrillation threshold, although at ap- 
ately one fourth the current level. T'he repetitive 
e data also suggest a proportionate three- to 
d greater effect of the three-fold greater dose of 
ium salt (6 mg/kg versus 2 mg/kg). However, in 
rast to mean results, the relation of repetitive 
ricular response and ventricular fibrillation 
sholds in individual animals was too variable to be 
uch predictive value. Only at 30 and 90 minutes 





individual correlation of these two thresholds (p = 





erum and tissue bretylium in animals tested for 
tricular fibrillation threshold: Serial serum 
centrations of bretylium measured at the time of 





h ischemia (in animals receiving 2 mg/kg) was there 
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hours) are shown. There is no significant difference 
between these serum concentration curves and those 
presented in Figure 1 for the tissue pharmacokinetic — 
study. Tissue levels at 12 hours were likewise similar. . 
Once again, the mean final (12 hour) tissue to serum. 





ratio was greater for the group receiving 2 mg/kg than 


for the group receiving 6 mg/kg (17.9 + 39 versus6.9 + 
1.8). It may thus be presumed that the detailed tissue 
kinetics determined as in Figure 1 apply to the group 
subjected to ventricular fibrillation threshold detere 
minations.. | | 2009 

~ As expected, a variable (usually modest) increase in. 3 
blood pressure and heart rate occurred seconds to. 
minutes after drug administration. In all cases, these 
changes had returned to baseline within 30 minutes. 
The kinetics of ventricular fibrillation threshold ele- 
vation were thus distinct from those of the catechol- 
amine release reaction. 

Discussion 
Role of myocardial drug concentration in de- 

termining therapeutie effects: These kinetic studies 
emphasize the importance of drug concentrations at 
tissue sites of action in myocardium in determining 
therapeutic effects. Whereas serum bretylium concen- 
tration decreased rapidly after intravenous injection, 
both myocardial bretylium concentration and antifi- 
brillatory and electrophysiologic effects. increased 
gradually, peaking at approximately 3 hours. These 
kinetic results were similar with or without myocardial 
ischemia and for both doses of bretylium. Bretylium was 
heavily concentrated in myocardial tissue (6 to 18-fold), 
suggesting that small changes in serum bretylium at 
equilibrium might be associated with wide and variable 
swings in tissue concentration. In addition, conditions 
of pseudoequilibrium (parallel elimination) in tissue 
and serum compartments were not obtained until 12to 
24 hours after short-term dosing, as demonstrated in the 
72 hour dog model with subsequent elimination half-life 
in tissue and serum of 10.5 hours. In summary, serum E 
bretylium concentrations after short-term dosing are 
not predictive of drug effects, whereas an understanding |. . 
of tissue drug kinetics and concentrations appears to be _ v 
very useful. i, ESER 
Effect of bretylium on ventricular fibrillation 
threshold: Bretylium caused marked increases in 
ventricular fibrillation threshold, confirming its re- 
ported efficacy as an antifibrillatory agent.!^18-20 The — 
canine model used confirms the deleterious effect of - 
ischemia on fibrillation threshold2! and documents a 
relatively equipotent therapeutic effect in the ischemic 
and the nonischemic heart. The responses observed 
suggest incremental effects on fibrillation threshold of 


increasing doses of bretylium, in the range tested. Our 


canine preparation proved to be a highly stable model 
for threshold determinations over the 12 hour period of 
observation. ! P 














ful predictor of group response of ventricular fi- 
reshold to drug. However, in the individual 
correlation was too variable to be useful. In 
at least a proportionate rise in antiarrhythmic 
redicted by the repetitive ventricular response 
ie dose is increased from 2 to 6 mg/kg. The data on 
tive ventricular response also suggest that peak 
ter 6 mg/kg, similar to that of a smaller 



















rs at approximately 3 hours. 4 
me course of change in effective refractory 
was similar to that for ventricular fibrillation and 
ve response thresholds. However, increases in 
ractory period were not proportionate to increases 
drug concentration. The parallel temporal change of 
ective refractory period and fibrillation threshold 
uggests a correlation between drug effect on effective 
sfractory period and on fibrillation threshold. On the 
hand, incremental change in refractory period 
using 6 mg/kg in comparison with 2 mg/kg was much 
.. less than that for fibrillation threshold. These obser- 
vations suggest a nonlinear relation between these two 
.. measures of drug effect or the importance of factors in 
.. addition to changes in refractory period in determining 
.. ventricular fibrillation threshold. 
These studies demonstrate the utility of endomyo- 
-cardial biopsy in allowing long-term observations of 
... drug kinetics in myocardial tissue. Information derived 
may be particularly useful for clinical comparisons. Our 
~ observations confirmed the long persistence of drug in 
-myocardium after single dosing, with detectable drug 
`- persisting for more than 72 to 96 hours. 

Mechanism of bretylium's cardiac effects: Con- 
troversy continues to exist as to whether bretylium has 
important direct effects on the human heart indepen- 
dent of its action on the adrenergic neuron.?^ Experi- 

mental work suggests that both direct electrophysiologic 
. -effects and myocardial concentration of drug are inde- 
.. pendent of cardiac nerves.522? Cardinal and Sasyniuk? 
showed that bretylium increases action potential and 

: refractory period duration in isolated Purkinje fibers, 
| reduces the disparity in local action potential du- 
ition between normal and infarct preparations. Namm 
et al.,?? using immunosympathectomized rats, showed 
the marked myocardial concentrations of bretylium to 
be independent of cardiac sympathetic nerve uptake. 
 Electrophysiologic effects, including lengthening of 
-.— effective refractory period and action potential dura- 
— - tion, were also similar in both normal and immu- 

< nosympathectomized animals. Bretylium was found to 


id to cell plasma membranes in a tight but reversible 
fashion. Our observations lend support to those of these 
workers, and suggest that the kinetics of electrophysi- 


| ologic ind antifibrillatory effects of bretylium parallel 
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ie. repetitive ventricular response threshold was 
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tive. However, clinical implications might include 1 
need for repeated acute drug dosing and allowance 
greater time after acute bretylium administration bef 
assuming drug failure. Current package insert reco 
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| : response similar to that seen with ou 
dose (Fig. 5). This study confirms the utility a 
sitivity of a new drug assay for bretylium ust 
recently described chromatographic method.!? A 
rational approach to administration of bretyli 
ts should result from clinical application. 
| further testing of the inferences suggests 
y. 
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Effects of Long-Term Cigarette Smoking: E 
ei oles of Carbon Monoxide and Nicotine — 









In a prior 



















rettes of low nicotine c 
carboxyhemoglobin lev: 
cigarettes; and group 3 ;otine | imus: 
an amount equivalent to seven cigarettes/day. In the intact anestheti: 


peak rate of rise of left ventr 
+ 0.3 versus 2.15 + 0.18 muscle lengths/s per cm) at similar level 
aortic pressure, but the index was significantly lower (1.28 t 0.1 
«0.01) in group 3. Thus, the effects of long-term cigarette use on 
myocardium appear to be predominantly dependent on nicotine ra 
than on carbon monoxide. n OPE C. 


Although several epidemiologic and pathologic studies!” have suggest 
an increased incidence of cardiovascular disease among person 
smoke, a direct causal relation between long-term smoking and ci 
disease has not been established. In a previous study of an animal m 
the effects of long-term smoking and nicotine administration w 
served to produce functional and morphologic abnormalities of 
ventricle consistent with the view that habitual smoking has a 
on the myocardium independent of coronary artery disease. T 


effects of smoking were considered largely dependent on the 1 


content of cigarettes. IN eS Ae x 
-< Carboxyhemoglobin levels similar to those found in heavy s 
have been reported to accelerate atherosclerotic changes and 
myocardial damage in animals. Carbon monoxide, and not nicot 
therefore considered the major toxic component responsible fo 
creased risk of cardi vascular disease.* To test the latter assump 
study was undertaken to determine the relative alterations of my 
function and composition in an animal model as a response tolon 


carbon monoxide or nicotine use. 












Methods 


. Experimental pr paration: To assess the relative roles of nico 
carbon monoxide as the major pathogenetic agent in the developmt 
muscle disease due to long-term cigarette smoking, 18 month old littern 
beagles were prepared with a permanent tracheostomy. 'They were al 
placed into three groups of six dogs each: group 1, a control group; group 
















aily seven cigare 





































ty 
ine previously shown to mimic the left ventricular re- 
ses to cigarette smoking. s : 
moking in group 2 was performed by the method of Cahan 
Kirnan.? The cigarettes were a commercial brand (Sano) 
out filters and contained only 0.2 mg nicotine/cigarette. 
smoking was done in two sessions each day. In group 3 
'otine users), 210 ug/kg of nicotine was injected intra- 
larly twice a day. This dose was considered approxi- 
ly equivalent to that observed in beagles that have 


de 


ked seven cigarettes containing 1.35 mg of nicotine/ciga- 





dy weight, hematocrit, serum proteins and electrolytes 
monitored throughout. At the end of the 18 month study, 
ogs were anesthetized with morphine sulfate (3 mg/kg 
weight) and sodium pentobarbital (15 to 20 mg/ kg) 18 
rs after eating and were placed in the right lateral position. 
ter insertion of a cuffed endotracheal tube, respiration was 
lated with a Harvard respiratory pump. This procedure 
itated the maintenance of arterial pH and partial pres- 
res of oxygen and carbon dioxide in the normal range." 

emodynamic. measurements: For pressure measure- 
ts an 80 cm 8F National Institutes of Health catheter was 
ed through the right carotid artery into the left ventricular 
amber. From the left carotid artery, a 55 cm 8F National 
titutes of Health catheter was placed in the aortic root, 1 
2 cm above the aortic valve. A 50 cm 7F Swan-Ganz catheter 
s passed through the jugular vein into the pulmonary artery 
d a small polyethylene catheter (PE) into the femoral vein. 
tatham transducers were used for the measurement of left 
ntricular (P23Gb) and aortic (P23Db) pressures. These were 
aced at the mid thoracic level and balanced for equal sen- 
tivity. The maximal rate of rise of left ventricular pressure 
P/dt) was obtained using the resistance-capacitance dif- 
rentiating circuit. Systolic ejection period was measured 
m superimposed aortic and left ventricular pressure pulse 


acings. The frequency response of this system is linear from 
to 30 cycles/s. End-diastolic pressure was measured over at 

t two respiratory cycles and averaged. This measurement 
as been found to correlate to a high degree with the pressure 
surement obtained using a micromanometer tip (Millar) 
ter in accord with previous studies.9^ Cardiac output was 
ured from the indicator-dilution curves sampled from 
ulmonary artery after right atrial injection.?? Three 
ssive curves were used to calculate the forward flow. 
e volume and stroke work were obtained as previously 





















entricular ejection fraction was measured by indi- 
ilution technique using cold saline solution rapidly 
ed into the left ventricle.!9 The thermistor for the ejec- 
ction was placed into the National Institutes of Health 
.1 to 2 em above the aortic valve. Three or four such 
ere obtained and end-diastolic volume was calculated 
of mean stroke volume to mean ejection fraction.!! 
ricular ejection fraction obtained with this technique 
wn good reproducibility in a model under nearly ideal. 
ons of mixing and sampling (mean coefficient of vari- 
percent).!! Whereas the injection artifact appears to 
gligible with the indicator-dilution method, angiographic - 
n produce sustained depression of ventricular function, 
ly in the abnormal heart.!? Despite a systematic dif. 
between the two techniques, there is a good correlation 
jection fraction that is derived from the indicator- 
n and angiographic techniques (correlation coefficient 
n 





angiographic technique has yielded systematically 
'alues for end-diastolic volume than has the indica- 


seven cigarettes with negligible nicotine con- — 
p 3, dogs receiving intramuscularly doses of. 
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an absolute test of accuracy in vivo is not available, two ad- 
ditional studies!4.15 comparing the indicator-dilution tech- 
nique with independent methods have shown good agreement. 
The latter study represents a revision of a previous conclusion 
that the indicator-dilution technique differs substantially 
from angiographic data.!® For these reasons the indicator- 
dilution method was the primary technique used in this study. 
The dilution curves, pressures, left ventricular maximal dP/dt 
and electrocardiogram were recorded on an Electronics for 
Medicine DR-8 recorder. 

Left ventricular function and contractility were estimated 
in several ways. Contractility was assessed in the intact animal 
from an index expressing the end-isometric force-velocity g 
relation normalized for initial fiber length. This contractility 
index exhibits a relatively narrow range in normal ventricles, 
increases in a predictable fashion with positive inotropic in- 
terventions and is depressed in the presence of left ventricular 
disease.'’ The formulation includes (dP/dt max/MIP)/2zr, 
where dP/dt max is the maximal rate of rise and left ventric- 
ular pressures in mm Hg/s, MIP the maximal isovolumetric 
pressure in mm Hg, and 2r the end-diastolic left ventricular 
circumference in cm.!? The units of contractility are muscle 
length/s per cm of initial circumferential fiber length. The left 
ventricular radius was calculated from end-diastolic volume 
on the assumption that the ventricle was a sphere at the end 
of the isovolumetric period, and circumferential fiber length 
was calculated as 27r, Another index expressing the myo- 
cardial contractility used in this study was velocity of con- 
tractile element (Vee) at peak dP/dt, calculated as the ratio 
of maximal dP/dt for simultaneous left ventricular pressure 
in accord with the method of Levine and Brittman.!? 

Left ventricular function was further assessed during 
volume expansion.® A second catheter was introduced into 
the left ventricle, and saline solution at the temperature of 
blood was infused at 48 ml/min for 3 to 5 minutes. During the 
saline infusion, end-diastolic pressure was continuously re- 
corded at high sensitivity and the cardiac output and ejection 
fraction were determined immediately after 3 minutes of 
infusion when the animals were in a steady state as judged 
from heart rate, aortic pressure and ventricular end-diastolic 
pressure. 

To determine if ventricular pressure increments during 
volume expansion are at least partially affected by enhanced 
intrapericardial pressure, !? three normal dogs were assessed 
in the intact anesthetized state. A catheter was introduced 

into the pericardial space by a modification of the transseptal 
technique utilizing a small Odman-Ledin catheter and a 
Brockenbrough needle (infant size).?? By this technique the 


catheter is advanced over the needle into the pericardial space 3 l : 
after the latter penetrates the free wall of the right ventricle. — 


To determine ventricular end-diastolic transm ural pressures, 
catheter tips were located within the chest using the pos- 
teroanterior chest X-ray films taken at each stage of the study 
with correction made as necessary for magnification. Statham 
pressure transducers (P23Db)-were placed at the level of the 
spine and circulatory and pericardial pressures were corrected 
to this reference level by subtraction or addition of 1 em water 
for each centimeter of height; the respective catheter tip was. 
above or below this level. Ventricular end-diastolic and peri- 
cardial pressures were recorded at high sensitivity (1 mm Hg 
equal to 4 mm paper) and were measured at end-expiration 
and by using averaged pressure levels throughout three res- 
piratory cycles, 

After infusion of normal saline solution at 50 ml/min into 
the left ventricular chamber for 4 minutes, intrapericardial 
end-diastolic pressure was —1 + 0.6 mm Hg (mean + standard 





tor-dilution method (averaging 13 percent lower in the study 
of Hugenholtz et al.!? [correlation coefficient 0.96). Although | 
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error of the mean) compared with the control value of —2 + 
.. 0.7 mm Hg, a nonsignificant change. Moreover, sampling of 
. right heart blood before and after 4 minutes of saline infusion 
. revealed no decrease. in hematocrit or serum albumin, 
-. implying that much of the solution diffused out of the vascular 
|. system without recirculation in this time span. Thus, the 
- filling pressure responses in the beagle during infusion of a 
-proportionate amount of saline solution into the left ventricle 
are considered to be largely independent of intrapericardial 











yocardium of long-term smoking eagles has 
accumulate collagen,” the presence of collagen 
antified by measuring the myocardial content of hy- 
_ Statistical analyses: These were performed using con- 
= ventional methods for small samples and variation reported 


< -asstandard error. Differences between groups were evaluated 
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h Student's unpaired t test. The t test for paired samples 
used to evaluate the response to saline infusion within 
roup. Values are expressed as mean t standard error 





, Results | 

ritional state and blood chemical values: The 
ogs in group 1 (control group) and group 3 (nicotine 
users) behaved similarly to those reported on in our 
. prior study. In contrast to the control dogs, dogs in the 
`. two experimental groups did not gain weight during the 
observation period, but there was no statistical differ- 
ence in weight among the three groups at the conclusion 
f the study. (Table I). The final indexes of nutritional 











roups of Dogs at Rest (mean + standard error the mean) 





Group3 p Values 
(nicotine > 
users) ` 












































state were comparable to initial values in the thre 
groups. The final hematocrit levels were 39 + 2, 38 + 
and 42 + 1 percent, respectively, in groups 1, 2 and 
Serum albumin levels were 3.8 + 0.2, 3.6 + 0.1 and. 
+ 0.8 g/100 ml in the respective groups. Serum pota 
sium and sodium values (in mEg/liter) were 3.3 + 0.3 
and 3.2 + 0.2, 4.8 + 0.8 and 145 + 1, and 140 + 4 and 137 
+ 6, respectively. No group exhibited changes in plasma 
levels of triglycerides, free fatty acids, phospholipids or 
cholesterol. The final values for serum triglycerides 
(mol/liter) and free fatty acids (uEq/liter) were 0.344 
0.08 and 0.34 + 0.08, 0.35 + 0,12 and 300 + 35, and 292 
+ 36 and 296 + 40 in the three groups. Serum pho 
pholipids and cholesterol values (mmol/liter) were 2.4 
+ 0.31 and 2.54 + 0.60, 1.86 + 0.18 and 3.16 + 0.31, an 
3.59 + 0.96 and 2.16 + 0.96. | m 
Carboxyhemoglobin: In group 2 (smokers) smok 
three cigarettes, either of low nicotine content suc 
that in Sano or of high nicotine content as in a regi 
cigarette, over 30 minutes resulted in similar am 
of carboxyhemoglobin in the dogs in both the imm 
he late periods (Fig. 1). The carboxyhemo 
s in g/100 ml after smoking three cigare 
ir or low nicotine content were, respecti 
and 4.9 + 0.9 at 5 minutes, and 1.1 + 0.1 an 
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modynamics and left ventricular contrac 
esting hemodynamic values in the three groups 
yn in Table I. Compared with groups 1 and : 

gs receiving nicotine became hypertensive and. 
ignificantly higher values for systolic and diast 
sures as well as peripheral resistance. 'There v 
ignificant differences in pressure between gre 
and 2. Heart rate, stroke volume, left ventric 
d-diastolic volume, end-diastolic and pulmi 

rial pressures did not differ significantly ar 

egroups 00 0 0000 v 
he ejection fraction in the dogs receivir 
up 3) was reduced to 24 percent compare 
1 38 percent, respectively, in groups 1 and 2 
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URE 1. Carboxyhemoglobin (COHb) levels in dogs after smoking 

cigarettes of regular or low (SANO) nicotine content in 30 minutes. 
Se levels are similar in the two groups both during and 18 hours after 
king. 
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001). Similar to the reduction in systolic perfor- 
ance characteristics, only the dogs receiving nicotine 
chibited a deficit in the contractile function of the left 
ntricular muscle. This function was preserved in 
zroup 2, smoking low nicotine cigarettes. The contrac- 
Ality index in group 3 was 1.28 muscle length/s per cm 
compared with 2.18 in the control group and 2.15 in the 
moking dogs (p «0.001). The more readily measured 
dex of contractility (namely, the velocity of contractile 
lement of peak isometric stress (V..), which is not 
orrected for end-diastolic fiber length) also showed a 
similar reduction, 17.7 muscle lengths/s versus 30 and 
8, respectively, in groups 1 and 2 (p «0.001); no dif- 
erence was noted between groups 1 and 2 (Fig. 2, 
p. | 

There was no correlation of the aortic pressure level 
d the indexes of left ventricular contractility. This 
videnced in three dogs from each group with sim- 
levels of aortic diastolic pressure. The contractile 
cit was still evident in the dogs receiving nicotine, 






















evel as in the other two groups (Fig. 2, bottom). 
s appears that the contractile deficit is indepen- 
of increased afterload. To assess relative wall 
ss, saline solution was infused into the left ven- 
ar chamber. A significantly higher end-diastolic 
ure and tension was elicited in the dogs receiving 
ine, suggesting a decrease in left ventricular com- 
ce; no such change was observed in either group 1 
racardiac conduction: To determine whether 
duced contractility may have been at least in part 
ated to a delay in spread of excitation to the con- 
ion fascicles and myocardium, His bundle elec- 
rams were performed on the left side. All the in- 
ardiac times in all dogs were essentially similar, 
icating no gross delay of conduction through the 
cardium of those receiving nicotine. The P-H times 
in groups 1 to 3 were, respectively, 71 + 5, 66 + 4 
| 63 + 5. The respective H-Q times (ms) were 27.6 + 
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hough the pressure was at approximately the 
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FIGURE 2. Effect of long-term iow nicotine cigarette smoking (group 
2 [S] hatched bars) and nicotine administration (group 3, dotted bars) 
on the indexes of left ventricular contractility and data in control dogs 
(group 1 [C] open bars) (top) and in three dogs from the two experi- 
mental groups with aortic pressure matching those in three control dogs: 
(bottom). C = control group; dP/dt = rate of rise of left ventricular 
pressure, MIP = maximal isovolumic pressure (mm Hg); ML = muscle 
length; NS = not significant: P = probability; 27rED = end-diastolic 
circumference (cm). 


2.9, 26.8 + 1.5, 30 + 2.5; and the values for QRS duration | 
(ms) were 57 + 3,60 + 5 and 50 4 5. 

Myocardial pathology: At the conclusion of this 
study, the weight of the left ventricle and septum in g/kg 
of total body weight was 4.4 + 0.4, 4.7 + 0.4 and 5.4 + 0.8 
in groups 1, 2 and 3, respectively. On gross examination, 
the coronary arteries were normal, no visible intimal —— 
lesions were noted in any group. — 0 

The sole consistent morphologic abnormality on 
light microscopy consisted of collagen accumulation _ 
seen in the trichrome stain in group 3; there was no 
hypertrophy or inflammation. "The presence of this 

«T 














collagen was confirmed by chemical analysis in t 
ventricular wall. The hydroxyproline level was si : 
cantly increased in the left ventricular myocardium in 





the group receiving nicotine (6.61 + 0.31 ug/mg dry v 
weight versus 5.51 + 0.11 and 5.8 + 0.17 in groupsland _ 
2, respectively) (Fig. 4). The myocardial composition 
of the lipid classes and major cations did not differ sig 
nificantly in the three groups (Table II). = 





. Discussion 
Role of carbon monoxide: Carboxyhemoglobin 
levels similar to those found in heavy smokers have been |. . 
reported to cause atherosclerotic changes and myocar- | 
dial damage in animals.?* Carbon monoxide is therefore 
considered a toxic component and has been postulated 





NS «0.006 
«0.01 

changes from preinfusion 
-.. value) in ension (EDT) after saline 
-.. infusion, indicating a decrease | 
^. receiving nicotine. Open bars = control dogs (group 1); hatched bars 
-= low nicotine cigarette smokers (group 2); dotted bars = dogs re- 
.'.ceiving nicotine (group 3). : 


to have a major role in the cardiovascular disease due 
... to long-term cigarette use.* An important basis for this 
current study is the observation that similar levels of 
-. carboxyhemoglobin result after smoking cigarettes with 
high, low or no nicotine content." Because increases in 
. systolic blood pressure and heart rate occur only after 
|. smoking nicotine-containing cigarettes, the acute he- 
modynamic responses appear to be independent of 
carbon monoxide.?? 
.. In.this study we found that carboxyhemoglobin did 
. not differ among beagles smoking three cigarettes of low 


A 


or high nicotine content, either in the immediate 


-. postsmoking or late period (Fig. 1). In dogs smoking low 


. nicotine cigarettes for 18 months there were no abnor- 

. malities of myocardial performance or composition. 

-. Role of nicotine: In contrast, the group receiving 
.. nicotine exhibited a significant decrease in diastolic 
compliance during volume expansion compared with 
| control animals. The decrease in left ventricular dia- 

stolic compliance appears to be related to the increased 
ontent of the myocardium in the animals re- 
otine. On the basis of separate studies of 
pressure during saline infusion, the peri- 


du n i TES 
- NS «00038 > 
«001. | 
Collagen content of left ventricular myocardium expres 
xyproline in three groups. Significantly increased levels 
ily in the dogs receiving nicotine (group 3). Bars as in Fig 


cardium was not considered to contribute to the de 
crease in ventricular distensibility, a finding supporte 
by a recent study"? P 
The nicotine users were also characterized by a de 
crease in the contractility indexes in the basal sta 
Aortic pressure was elevated in this group and can 
duce ventricular performance. However, there was 
correlation between the level of aortic pressure in th 
dogs receiving nicotine and depression of indexes of le 
ventricular contractility. This was most evident in thre 
dogs from each of the three groups, with similar levels 
of diastolic pressure (Fig. 2, bottom). Moreover, in a 
prior study aortic pressure was increased with angi 
tensin in the normal animal to the same levels as note 
in animals receiving nicotine by infusion of angiotensin 
No reduction in the variables characterizing myocardi 
function was noted. Furthermore, in the early stage 
chronic hypertension in man, ventricular perform 
is not uniformly diminished." This would indicate 
the reduction in ventricular performance by nic 
was not dependent on afterload. Ischemia does no 


pear to contribute to these abnormalities, bec: 
coronary arteries were free of intimal disease 
cardial cation content did not differ from 
rol animals. T £2 


Lipids and Cations at 18 Months in Three Groups of Dogs (mean i standard error of the mean) 


Group 1 
(control) 


sight); FFA = free 


“weight g); Na = sodium (uEq/ 


rig = 


Group 2 (smok: sof | | 
icoti igé ettes) | (nicotine users) 


Group 3 


= water (percent); K = potassium (Egg wet v 
not significant; p = probability; Phospho = phosphol 

















Myocardi i dy. inci 
Hagen on chemical analysis were present only in ` 
oup receiving nicotine. This may be a result of in- 
eased synthetic activity of the fibroblasts in the in- 
titium as a result of long-term exposure to a suffi- 
quantity of nicotine. A limitation to velocity of 
raction produced by associated changes in the 
ac properties of myocar dium may be responsible for 
ontractile deficit.5 Although a direct effect of 
tine on the contractile mechanism by means of al- 
calcium mobilization has not been observed in 
term studies? calcium fluxes have not been 
ated in long-term experiments. = 

Serum and myocardial lipids: Serum lipids were 


































the group receiving nicotine, a finding that might 
ave been altered by a high lipid diet. However, incre- 
ents in serum cholesterol are reported to occur after 
dministration of nicotine at higher dose levels than 
iat of our study.?? The normal myocardial lipid levels 
trast with those of experimental alcoholism? and 
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| Tn these states, interstitial collagen accu- 
is associated with enhanced triglyceride levels 
c cells. Altered myocardial composition after 
cigarette use has previously been inferred 
morphologic study. 3 

Implications: The cardiovascular responses of 
long-term nicotine administration in the beagle closely 
paralleled previous observations? in animals smoking 
regular cigarettes for many months but were in contrast. _ 
to findings in the dogs in this study smoking low nico- E 
tine cigarettes. Thus it appears likely that the long-term 
effects of cigarette smoking on the myocardium are 
predominantly dependent on nicotine rather than on. 

























carbon monoxide. Ew 
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-related to the plasma concentration of. the drug and occurred be 
-A-V node in the H 
à reported that the! 
-depressed patient 
e ET intervals. It. as been noted? t that ns Pre í 









preexisting heart disease rte 
doxepin, another tricyclic antidepeensant 1d: ‘In this study, the 

trophysiologic effects of these two drugs on normal and depressed ca 
Purkinje fibers were examined. Fiber depression. was achieved by 
vating potassium concentration [K*]i in the. perfusate to 10 mM. In no 
Purkinje fibers both imipramine and doxepin were tested in concentratic 
of 50, 250, 500 and 1,000 ng/ml. Both drugs had no effect on vestir 
membrane potential but caused similar, dose-related reductions in actio 
potential amplitude, maximal velocity of phase 0 depolarization (Vin 
action potential duration, conduction velocity and effective and function: 
refractory periods. Depressed fibers were exposed to only 250 ng/m 
imipramine and doxepin. Both drugs reduced conduction velocity an 
failed to alter the refractory periods of the depressed fibers whereas 
the same concentration in normal fibers they caused no change in coi 
duction velocity but shortened the refractory periods. The other electro 
physiologic effects of the two drugs on depressed fibers were simila 

those on normal fibers. These observations indicate that depressed fib e 
are more sensitive than normal fibers to certain electrophysiologic effects 
of both imipramine and doxepin, and that the different incidence rate 
arrhythmias and conduction disturbances associated with the clinical us 
of these drugs is probably not due to differences in their direct elec! 
physiologic effects on the ventricular specialized conduction system 





Hlectrocardiographie bnc ee and éardiac rhythm disturb I 
are frequently observed in patients who have ingested toxic d 
tricyclic antidepres ant drugs. Although intraventriculai cond 
disturbances occur most frequently, atrioventricular (/ 

ventricular tachyarrhythmias are also common.! There is e 
even in therapeutic doses these drugs have significan! effe 
electrophysiologic operties. of the heart. Reversible T wa 
malities are commonly observed in patients taking such doses 
agents,'~4 and sporadic cases of reversible right and left bundl 
block and of complete heart block have been reported.??-7 In 
spective study Vohra et al.5 showed that prolongation of the H-V i 
in the His bundle electrogram ‘occurred in 5 of 12 patients given 
peutic doses of no iptyline. Kantor et al.’ carefully studied a pe 
who manifested 2:1 heart block while receiving a therapeutic : 
‘imipramine (Tofr nil®) and showed that the heart block was « 









































-Purkinje system. These. investigators? subset 
peutic doses of imipramine administered 
regularly caused prolongation of the P 
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when patients have ingested toxic doses or have 


igs such as imipramine, such effects are rare in pa- 
without heart disease when plasma levels of the 
re within the therapeutic range but they are vir- 
iversal when plasma levels exceed 1,000 ng/ 
t has been suggested that disturbances of in- 
lar conduction, such as widening of the QRS 
rolongation of the H-V interval and heart 
more likely to occur at therapeutic blood 
of imipramine in patients who are elderly or who 
reexisting heart disease, particularly disease of 
ntricular specialized conduction system. 
evidence indicates that among the tricyclic an- 
pressant drugs, some agents such as imipramine 
/ cause cardiac arrhythmias, exert important effects 
'ardiac conduction (particularly in the His-Purkinje 
em) and manifest antiarrhythmic activity in pa- 
ts with established ventricular arrhythmias, whereas 
her agents such as doxepin may not have these effects. 
his study was undertaken to determine if these dif- 
rences could be explained on the basis of the direct 
sctrophysiologic actions of these drugs on Purkinje 

































Methods 


Experimental preparation: The hearts of healthy adult 
i'ongrel dogs weighing 10 to 20 kg were rapidly excised under 
ieral anesthesia with intravenous sodium pentobarbital (30 
/kg body weight) and immediately dissected while im- 





eO 29 -83.1 + 1.3 
g/ml. —843 + 14 
a 12 |—849 123 
/mi 7 —86.8x 1.6 
13 — —82.8 1.5 
—83.3 + 0.8 

21  —B4.5 + 17 
—827 X13. 

18 - (00-795 41.1 

: 781.4 + 1.6 








<0.05; t p « 0.01 (statistical si 


disease.®1213 With other tricyclic antidepressant | 


esting and Action Potentials of Normal Purkinje Fibers 
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117.7+ 1.8 
110.3 + 2.6! 


| (stai gnificance of the difference between control values and ! j | 
values are expressed as mean + standard error of the mean. The potassium concentration was 4.0 mM in all experiments. Amp = action 
ial amplitude; APD5o and APD 199 = action potential duration at re 


e | ! polarization to 50 and 100 percent, respectively, of the amplitude of depo- = 
ation; RMP = resting membrane potential: Vmax = maximal velocity of phase 0 depolarization. uo A C o M 







sed at a flow rate of 20 ml/min with the Tyrode's so- 


lution equilibrated with 95 percent oxygen and 5 percent | 
carbon dioxide at a temperature of 36 + 1° C. 

Stimulation and recording: All preparations were stim- ie 
ulated extracellularly at a cycle ength of 800 ms with use of 
Teflon®-insulated bipolar silver electrodes located near one oe 
end of the preparation designated the proximal end. Basic: 
drive stimuli were rectangular pulses 2 to: n duration an 
approximately twice diastolic: threshold mplitude. Fo 




















experiments in which refractory periods were measured, 


premature impulses were delivered through the same elec- x 





trode pair at selected intervals. after the basic drive stimuli... 
The premature stimuli were rectangular pulses 2 to3msin — 
duration and greater than 5 times diastolic threshold. A — 
stimuli were isolated from ground. Transmembrane potentials 
were recorded through glass microelectrodes filled with 3M 
potassium chloride and with tip resistances of 10 to 20 meg- 
ohms. The microelectrodes were coupled by means of a sil- 
ver-silver chloride electrode to a preamplifier with high input 
impedance (1.5 X 10!2 ohms) and capacitance neutralization 
(constructed by S. Ross, Department of Pharmacology, Co- 
lumbia University, New York; New York). The output of this 
preamplifier was displayed on a Tektronix model 5444 oscil- 
loscope and photographed with à Grass model C4 oscilloscopic 
camera. The maximal rate of depolarization of action poten- 
tials was determined by electronic differentiation.!? 
Experimental protocols: Transmembrane resting and 
action potentials were initially recorded from all preparations 
after a minimum of 1 hour of perfusion with the modified 
Tyrode’s solution described. Experiments were carried out 
only on preparations with Purkinje fibers exhibiting a resting 
membrane potential of —80 mV or more under these condi- 
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and those obtained during drug exposure). 











of twod ferent experimental protocols was: then 





tissues: Perhidion with Tyrode's salutia was 
le two Purkinje fibers of the false tendon were 
1icroelectrodes, the proximal one lying within 
e stimulating electrode pair and the distal one 
8 mm further toward the distal end of the prepara- 
e resting membrane potential, action potential am- 

axim ipstroke handed: of a 0 ( Vmax) ) anda ac- 

















| tween. re point of the roka of the & tive si- 
ly displayed action potentials recorded at a rapid 
; ep speed. ‘Then, with the transmembrane potentials « of the 

o cells being recorded. continuously on moving film, pre- 
~ mature stimuli were introduced at progressively shorter 
Vs coupling intervals after every eighth basic drive stimulus. The 
"un etween the responses to the basic drive and pre- 
e stimuli at the proximal site (Pi-Po) and the distal site 
: (D,-D3) ere determined until excitation at the proximal site 
failed because of absolute refractoriness of those cells. The 
_ effective refractory period (ERP) was defined as the shortest 
CC Pi-Po interval at which conduction to the distal site was suc- 

cessful; the functional refractory period (FRP) was defined 
as the shortest D 1-Do interval achieved. After these recordings 
|j were made, imipramine or doxepin was added to the perfusate 
- in a concentration of 50, 250, 500 or 1,000 ng/ml and obser- 

-vations were repeated after exposure to the drug for 40 min- 

utes. WES 
Sg Depressed tissues: In these experiments depression of 
the Purkinje fiber action potentials was achieved by the ad- 
dition of potassium chloride to the perfusing Tyrode’s solution 
to give a final concentration of 10 mmol/liter. After 20 minutes 
of equilibration in this solution an experimental protocol 
identical to that outlined in (1) was followed except that the 
~ only concentration of imipramine and doxepin studied was 
250 ng/ml . 

-C Transmembrane resting and action potential data from an 
^. individual cell were not subjected to statistical analysis unless 
continuous impalement of the cell was maintained throughout 
5 p the experimental. protocol. If a microelectrode became dis- 
Shy lodged i in the course of an experiment it was replaced in the 
“game oran adjacent cell by a small movement of the micro- 
manipulator holding the electrode in the vertical plane only; 
the recordings obtained under such circumstances were used 
y for the determination of conduction times and refractory 










































alysis of data: Statistical analysis was performed using 
. "Student's t test for comparing means of nonindependent 
.. samples to assess the significance of any change caused by a 
. given concent ation of either drug in a given type of tissue 
preparation (normal or depressed). To compare the magni- 
ide of change in an electrophysiologic variable caused in a 
type of tissue preparation by the same concentration of 
ifferent drugs, the t test for comparing means of in- 
t samples was used.!9 In the latter case the change 
xpressed as a percent of the control value for each 
Di ent; the mean percent change was then determined 
or eac] wo conditions being compared, and these two 
nean values were tested. A probability (p) value of <0. 05 was 
sidered significant. 
Drugs: Pure drugs were obtained in powder ben Bán their 
manufacturers: imipramine hydrochloride (Tofranil®, mo- 
lecular weight 316. 8) from Ciba- Geigy Canada Lita. à , Dorval, 
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Quebec, Canada ana. doves hydrochloride (S inequ 
molecular weight 315.8) from. Pfizer Canada Inc., Kirl 

Quebec, Canada. Fresh stock solutions were prepared each 
by dissolving these drugs in double distilled water to. 

final concentration of 100 mg/liter, and an approp: 
amount of stock solution was then added to the Tyr 
reservoir to give the desire d« concentration. All doses of t 
Pee as s concentrations of the salt. | 


Results 





















, potentis of oual il Purkinje P à at 
ations of 50, 250, 500 or 1 ,000 ng/ml. Howi 


























of action piata recorded from such fibers. The: 
sensitive. variable was the action potential durat 
(APD), which was significantly. shortened by both dr 
in a dose-related manner. A significant. effect. 
APDso) was apparent with doxepin at a concentrat 
of 50 ng/ml; with imipramine, significant effects did 
appear until a concentration of 250 ng/ml was tes 
Shortening of APD5 was always more marked than th 
of APDioo, indicating that these drugs also caused 
decrease in the slope of phase 3 of the action poten 
(Fig. 1 h | 


CONTROL IMIPRAMINE 1000 ng/ml 


FIGUR E 1. Effects of imipramine and doxepin c on transmembrane 
and action potential characteristics of normal Purkinje fibers 

panel the upper tracing is a zero reference potential, the middie 
is a recording of the transmembrane potential, and the low 
is ari electronic differentiation of the action potential upstrok 
by a 200 V/s calibration square: wave. The left panels were 
under control conditions; the right panels were obtained 

3 of exposure to imipramine, 1, 000 ng/ml {upper} or do 
ng/ i (lower). See text. x 
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maxs 
the. 

n of action potential duration, This effect was expected effects of exposing Purkinje fibers to an in. 
pparent with each drug at a concentration of 250 creased extracellular potassium concentration. _ UM 
l. The magnitude of the shortening of the func- These depressed fibers were exposed only to asinge ~ 
refractory period was always very similar to that concentration (250 ng/ml) of imipramine and doxepin. . 
e effective refractory period, indicating that the As in normal tissue, there was no detectable effect of 

ction velocity of early premature impulses was either drug on resting membrane potential or action. - 
r to that of the basic drive impulses. Conduction potential amplitude. Maximal upstroke velocity was 
lock of premature impulses between the proximal and reduced significantly only by imipramine; in normal - 
l recording electrodes was not observed. However, tissues it had been reduced only by doxepin at this 
onduction velocity of basic drive impulses was re- concentration. The APD; and APDjp of the depressed 
d by both imipramine and doxepin at concentra- fibers were further reduced by this concentration of 
s of 1000 ng/ml, as indicated by the significant in- imipramine and doxepin, as had been the case in normal 
ses in conduction time that occurred (Fig. 2). The fibers (Fig. 3). Despite these reductions, the effective 
percent increase that occurred with imipramine was and functional refractory periods of thesé depressed 
iot significantly different from the 25 percent increase Purkinje fiber bundles were not shortened (Fig. 4). 
th doxepin. I. However, conduction time was increased significantly 
In fact, the effects of equivalent concentrations of by both drugs at this concentration-—a level that had _ 
mipramine and doxepin on the electrophysiologic not affected conduction time in normal preparations 
operties of normal Purkinje fibers were generally (Fig. 4). eH | 
ite similar. Although effects on certain variables such Statistical comparison of the effects of imipramine 
APDso and Vmax achieved statistical significance with those of doxepin at this concentration on the 
hen compared with control values at lower levels of electrophysiologic properties of depressed Purkinje fi- 
xepin than of imipramine (Table I), the mean percent bers revealed no significant difference in any measured 
hanges produced by impramine were not significantly variables. 























al Properties of Normal Purkinje Fiber Preparations 
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] p. S0.01 1 sig | difference between control values anc hose obtained during drug exposure). - zi 
values are expressed as mean t standard error of the mean. The potassium concentr: ion was 4.0 mM in all experiments. CT = conduction Rs 
rom the proximal to the distal site; ERP — effective refractory period; FRP = functional 1 efractory period. E I CAMCN E 
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panel the uppi peck is az ero reterenc » potential, ‘the middle 
is a recording f the transmembrane potential, and the lowe 
D roc A RE Es | is an electronic differentiation of the action potential upstroke pr 

pu LM Le | | by a 200 V/s calibration square wave. The left panels were rec 
vU | under contro! conditions with the: fibers being perfused. with. ne 
Tyrode's solution. The middle panels were obtained after the. fibe 



















































EUR vu been perfused for 20 minutes with Tyrode's solution containing a 
add. tassium concentration of 10 mmol/liter. The right panels were recor 
d 40 minutes after the addition of 250 ng/ml ‘of imipramine (upper 

NES doxepin (lower) to the potassium-enriched Tyrode' s solution. 
text. | | 
"0" 568 som] 

a HIGURE 2. Effects of imipramine and doxepin on. conduction and re- 3 

fractoriness. in Purkinje fiber bundles perfused with Tyrode's solution E Di cussio 

having a potassium concentration of 4 mmol/liter. Each panel shows : " us ion | | 

Pa gie ma manoi om < eae ee within An attempt was made to study concentrations 

5 stimulating electrodes and a distal one located approxi- imipramine and doxepin that might occur in patie 


E mately 4 mm farther along the bundle: The left panels illustrate the ; 
effects of these drugs on conduction time. Action potential upstrokes receiving these drugs. For imipramine the therap: 


j| the two cells are displayed atarapid sweep speed. After 40 minutes range of plasma concentrations has been reported. l 
) imipramine, 1,000 ng/ml, conduction time increased as low as 95. to as highs as i 020 Dorm 18. : for doxep 
S (upper pat eds on to an identical concen- | : 5 fre x 1 ml. 19-2. These fig 
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| : nce eof the difference between control values. nd those obtained dur g drug exposure): 
/alues. xpi : ean t "standard error of the mean. The potassium concentration was: 10 mM in all experiments. Amp 
amplitude: APDso and APD169 = action potential duration at repolarization to 50 and 1 00 percent, respectively, of the amplitu j 
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epin has not been reported. With these qualifica- Comparative drug effects on normal Purkinfe 
is, and others to be discussed, it may be surmised fibers: This study revealed that both drugs had similar 
at in our study the effects of imipramine or doxepin effects on transmembrane resting and action potentials 
a concentration of 250 ng/ml probably correspond of normal Purkinje fibers. Neither imipramine nor 
h, or slightly exceed, the effects of a therapeutic doxepin affected resting membrane potential but each 
asma level in patients. drug caused dose-related reductions of both action 
Uer | S potential amplitude and V max, indicating a depressant 

| effect on the rapid inward sodium current. Both drugs 

| " NBI ETON UE also shortened the action potential duration, an effect 
TIME REFRACTORY that cannot be explained on the basis of altered kinetics 
PERIOD of the rapid inward sodium current and that implies 


D \ either a reduction in slow inward current or an increase 





»-* 


in outward current. The reduction of conduction ve- 
locity in normal Purkinje fibers observed at high drug 
concentrations could be due to the reductions of action. 
potential amplitude and V max because these are major 
determinants of conduction velocity,?? whereas the 
p | | drug-induced shortening of the effective and functional 
| \ M refractory periods could be explained by the reduction ~ 
sea Sa d iue: of action potential duration, because reactivation of the - 
rapid inward sodium current is a highly voltage-de- 
pendent process.24:25 
Comparative drug effects on depressed Purkinje 
fibers: The resting membrane potential was reduced 
to approximately —63 mV in some experiments by ele- 
vating the extracellular potassium concentration. This - 
represented an attempt to alter the electrophysiologie .. 
properties of Purkinje fibers to simulate certain ~ 
pathologic conditions, because reduction of the resting 
membrane potential is commonly observed in the cells 
of diseased hearts.?9-?? Such cells uniformly exhibit 
action potentials with reduced amplitudes and V max: 
Under the conditions used to depress Purkinje fibi 
in our study (potassium concentration 10 mM) the 
duction in action potential amplitude and Vmax was due ~ 
to partial inactivation of the rapid inward sodium cur- 
rent.?4?559 The study did not examine the effects of 
imipramine and doxepin on severely depressed fibers ^ 
exhibiting action potentials due entirely to the slow... 







inward current. 
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oressed Preparations 





mine and doxepin, that is, they were less in- 
ian those of normal tissues by this concen- 
1of the drugs. 
mparative drug effects on conduction velocity: 
aps the most important finding in this study was 
ffect of imipramine and doxepin on conduction 
though both drugs slowed conduction in 
| i fibers only at a concentration of 1,000 ng/ml, a 
milar effect was apparent in depressed fibers at 250 
ng/ml. In normal tissues this effect would be explained 
-. by reductions in action potential amplitude and Vinax 
ut in depressed tissues there was no clear relation be- 
. tween these variables and conduction velocity: V max of 
- depressed fibers was significantly reduced by 250 ng/ ml 
of imipramine but not by doxepin, and action potential 
mplitude was not influenced by either drug. These 
|. findings imply that the drugs also affected one or more 
-of the other determinants of conduction velocity such 
..as membrane resistance, membrane capacitance or 
threshold for excitation.?? 
In previous studies?'?? of the actions of imipramine 
on normal Purkinje fibers, it was found, as in this study, 

_ that the drug did not affect resting membrane potential 
E but reduced V mak: and action potential duration. In 
-. addition, Weld et al.?! noted that imipramine increased 
the voltage threshold for excitation but did not affect 
. the slope of spontaneous phase 4 depolarization. Asin 
this study, Rawling and Fozzard?? noted that imipra- 
. mine caused slowing of conduction at a concentration 
of 1,000 ng/ml. They also found that it reduced mem- 
— brane responsiveness, reduced the lowest transmem- 
_ brane potential from which the cell could be stimulated 
. and delayed the recovery of the rapid inward sodium 
- current: Neither the effects of i imipramine on depressed 
_ fibers nor the effects of doxepin on either normal or 
aoe depressed fibers have previously been reported. 
- . Clinical correlations: With respect to imipramine, 
a the results of this study correlate with certain clinical 
| )bservations. Slowing of conduction in normal Purkinje 
fibers at a high drug concentration (1,000 ng/ml) could 
xplain the occurrence of intraventricular conduction 
disturbances and heart block in patients without heart 
disease who have ingested toxic doses of the drug. 
x Ventricular tachyarrhythmias in such patients could 
= be due to unidirectional block and reentry in the ven- 
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which were already considerat ly. (| tricular s ecialized conduction system as a resu 


gh rter than those of normal preparations (compare 
o m with Table I), were unaffected by 250 ng/ml. 
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drug-induced depression of conduction.?? The ob 
vation in this study that depressed. fibers are mot 
sensitive than normal fibers to imipramine-indu 
slowing of conduction may explain the developme 
intraventricular conduction disturbances even. 
therapeutic doses of the drug in patients with 
disease. Finally, therapeutic doses of imipramin 
been noted to decrease the. frequency of ventrk 
premature complexes. Such complexes might bed 


slow cond ction, uni ce ick and reentr 
ventricular K ion system.” I 
mine, by fur 

might ak direct 

abolish t b remálure s coleen. 


[n contrast, doxepin has not been Bonet toc ca 
conduction disturbances or arrhythmias. This sta 
suggests that this difference is probably not due to 
trinsic differences between the direct electrophysiolog 
effects of doxepin and imipramine on the ventricu 
specialized conduction system but may be due to 
generally lower plasma drug levels i in patients receiving 
doxepin than in those receiving imipramine. — . 

Other factors must also be considered. The 
sumption that the electrophysiologic effects of ir 
ipramine and doxepin on human and canine Purkinje 
fibers are similar in vivo and in vitro may or may not be 
valid. The metabolism of tricyclic antidepressant drug: 
in vivo produces metabolites that have antidepressan! 
activity? and that may affect cardiac electrophysiolog 
properties; such effects were not assessed in this stud 
Finally, imipramine and doxepin produce adrenerg 
and anticholinergic effects??? that probably influen 
the electrophysiologic properties of the heart. The 
present study did not examine the possible interactio 
of such indirect effects of these drugs with their di 
electrophysiologic effects. Thus, although this study 
shown that the direct electrophysiologic actions of 
ipramine and doxepin on isolated canine Purkinje fil 
are similar, and that moderately depressed fiber 
more sensitive than normal fibers to certain of 
effects, further investigation is required befor 
clinical significance of these observations. can b 
certained. 1 
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“Cutaneous administration of Nitroglycerin 
-ointment (NITRO-BID®) in patients with angina 
pectoris exhibits prolonged action with 
‘evidence of pharmacological activity evident 
up to eight hours after application?" 


“data indicate that nitroglycerin ointment 
(NITRO-BID®) exerts profound reduction of 
peripheral arteriolar and venous tone wil 
resultant alterations in left ventricular hemo- 
dynamic variables which afford enhancement 
of exercise tolerance and reduced ischemia: 
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Optimized refractory period/rate 
relationship simplifies programming 
and insures appropriate refractory 
period selection at all rates. 
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They're all about the same, aren t they? Until recently, that Peces to sum up. 
the prevalent attitude about the benzodiazepines. After all, they all work similarly 
and all are effective anxiolytics. With seven of these compounds now available, 
however, differences have begun to emerge. Foremost among them: | 
different metabolic pathways, which distinguish the relatively short-acting Ativan | 
(lorazepam) from long-acting diazepam, clorazepate and chlordiazepoxide. - : 
At the same time, your choice can be made with confidence in the clinical record ; 
of Ativan, which confirms its value in anxiety neuroses and in significant anxiety - | 
associated with functional or organic disorders, as well as in older patients. 


(25 


Consider the record of Ativan: 


Anxiety in Anxiety in Anxiety in 

cardiovascular disorders gastrointestinal disorders the aging patient 

Ativan (lorazepam) has been specifically So far, nine common protocol, double-blind Because its simple metabolism is not readily 
evaluated and found effective in seven studies of Ativan have focused on anxious impaired with advancing age, and 

common protocol, double-blind studies patients with functional or organic accumulation is not likely to present a 
involving 423 patients (211 on Ativan) gastrointestinal complaints (457 patients, problem, Ativan is a good choice for older 
whose anxiety was related to organic 234 on Ativan). Ativan was clearly effective patients. Those who have trouble swallowing 
and functional cardiovascular disorders. in reducing the anxiety of these patients. solid medication appreciate the small Ativan 
The cardiovascular component The gastrointestinal component has not, tablet, which is tasteless and disintegrates 
has not, of course, been shown to be of course, been shown to be significantly within seconds in water or fruit juice. 
significantly benefited by such therapy. benefited by such the 


Ativan. 


r (lorazepam) 


7? kK DMNEXE ru 


NUR E "E 


ndicat lons and Usa 3 e: Symptomatic elief of anxiety, tension, agitation, irritability and 
somnia associated with anxiety neuroses and transient Situational disturbances; anxiety 
Ciated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
s are a significant feature of functional or organic disorders, particularly gastrointestinal or 
iovascular 

ectiveness in long-term use, i.e., more than 4 months, has not been assessed by system- 
lic clinical studies. Reassess periodically usefulness of the drug for the individual patient. 


'ontraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


gs: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
cting drugs, warn patients on lorazepam not to operate machinery or motor vehicles, and of 
lished tolerance for alcohol and other CNS depressants. 





















































Wsical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
es and alcohol have occurred following abrupt discontinuance of benzodiazepines 
U ding convulsions, tremor, abdominal and muscle cramps, vomiting and sweating), Addic- 
prone individuals, e.g. drug addicts and alcoholics, should be under -careful surveillance 
n on benzodiazepines because of their predisposition to habituation and dependence. 
awal symptoms have also been reported following abrupt discontinuance of benzodi- 
ines taken continuously at therapeutic levels for several months. 


s: In depression accompanying anxiety, consider possibility for suicide. 
erly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 


$> 


Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
ym ims like those being treated: anxiety, agitation, irritability, tension, insomnia and occa- 
Sional convulsions. 

Observe usual precautions with impaired renal or hepatic function. 

Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 

Nas not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 


ophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
g ‘day. No effect dose was 1.25mg/kg/day (approximately 6 times the maximum human 
ic dose of 10mg/day). Effect was reversible only when treatment was withdrawn within 

is of first observation. Clinical significance is unknown; but use of lorazepam for pro- 

eriods and in geriatric patients requires caution and frequent monitoring for symptoms 

GI. disease. 

and effectiveness in children under 12 years have not been established. 


IAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 
k 5 of LDH. As with other benzodiazepines, periodic blood counts and liver function tests 
€ recommended during long-term therapy. | 

Ic ALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
when administered with such medications as barbiturates or alcohol. 


NOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 


7 


INg an 18-month study. No studies regarding mutagenesis have been performed. 


` 
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onal anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
ed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
. Although all these anomalies were not present in the concurrent control group, they 
en reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
Clinical significance of these findings is not known. However, increased risk of congeni- 
jalformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
amate) during first trimester of pregnancy has been Suggested in several studies. 
a use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
ilmost always be avoided. Possibility that a woman of child-bearing potential may be 
t at institution of therapy should be considered. Advise patients if they become preg- 
ant to communicate with their physician about desirability of discontinuing the drug. 
In hut ans, blood levels from umbilical cord blood indicate placental transfer of lorazepam 
ts glucuronide. 
IG MOTHERS: It IS not known if oral lorazepam is excreted in human milk like other 
azepines. As a general rule, nursing should not be undertaken while on a drug since 
ugs are excreted in milk. 


Reactions, if they occur, are usually observed at beginning of therapy and generally 
on continued medication or on decreasing dose. In a sample of about 3,500 anxious 


ness (4.2%) and unsteadiness (3.4%). Less frequent are disorientation, depression, nau- 
change in appetite. headache. sleep disturbance, agitation, dermatological symptoms, eye 
: n disturbance. various gastrointestinal symptoms and autonomic manifestations. Inci- 
ice Of sedation and unsteadiness increased with age. Small decreases in blood pressure 
ve been noted but are not clinically significant, probably being related to relief of anxiety. 


dosage: In management of overdosage with any drug, bear in mind that multiple agents 
> been taken. Manifestations of overdosage include somnolence, confusion and coma. 
omiting and/or undertake gastric lavage followed by general supportive care, monitor- 
il signs and close observation. Hypotension, though unlikely, usually may be controlled 
irterenol Bitartrate Injection U.S P Usefulness of dialysis has not been determined. 


Ativan’: 
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sage: Individualize for maximum beneficial effects. Increase dose 
luz ly when needed, giving higher evening dose before increasing 
me doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 
ay vary from 1 to 10mg/day in divided doses. For elderly or debili- 
ted, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
onal stress, 2-4mg h.s. 


w Supplied: 0.5, 1.0 and 2.0mg tablets. 
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ANCY: Reproductive studies were performed in mice, rats, and 2 Strains of rabbits. ` 





Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDICATIONS 


The indications for cardiac pacemaking are increasing as pacemakers become 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indications for long-term cardiac pacing 
include but are not limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
second-degree or third-degree A-V block: (4) recurrent Adams-Stokes syndrome; 
(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch 
block; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting with intractable, recurrent, congestive heart 
failure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
who have been shown to benefit from temporary cardiac pacing are considered 
candidates for permanent cardiac pacemaking. 

The indications for permanent pacing in the presence of acute myocardial 
infarction have not yet been rigorously defined. Factors to he considered include 
the location of the myocardial infarct, the presence or absence of symptoms, ven- 

‘tricular rate, mechanism of the arrhythmias, and response to therapy. In general, 
symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 
idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. 

There are no known contraindications to the use of pacemakers as a medical 
method for control of heart rate. However, body rejection phenomena such as 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have heen reported. 


CAUTION: Federal (U.S.A.) law restricts this device to sale 
by or on the order of a physician. 


NOTE: The CyberLith and the CyberLith Programmer are currently 


undergoing clinical evaluation. 
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CyberLith...the most sophisticated 
programming system ever. 


Reliable 
The CyberLith all electronic pro- 
gramming system assures reliability by 
>|iminating phantom or cross-program- 
ing. The use of accurate crystal oscilla- 
Ors ensures precision transmission of 
rogramming information. 
afe 
The CyberLith programming safety 
eatures help avoid unnecessary cardiac 
rhythm disturbances. Further, it is not 
necessary to place the pulse generator in 
the asynchronous mode during the pro- 
gramming session. The safety features 
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CyberLith I 


lntermedics inc. 
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also allow automatic error identifica- 
tion, preventing transmission of incom- 
patible programming commands. 
Convenient 

The CyberLith programming system 
is fast — all five parameters are pro- 
grammed within 40 milliseconds. 
Available 

CyberLith pacing systems are avail- 
able now! Pulse generators, program- 
mers, leads, telemetry equipment, and 
patient transmitters and receivers. 

As the pioneers of multi-parameter 
programmable pacing technology, 
Intermedics has maintained its role as 
the manufacturer of the most advanced 
systems. Our commitment is to keep in 
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pace with your desire for excellence in 
pacing therapy. 

The CyberLith system is today’s 
state-of-the-art. Get to know it. For 
more detailed information call or write 
the Intermedics marketing department, 
or contact your local Intermedics 
representative. 


Intermedics Inc. 


PO. Box 617 Freeport, Texas 77541 
Toll-free: (800) 231-2330 
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Our business is life. 


CyberLith is a registered trademark of Intermedics, In 
© September 1980, Intermedics, Inc. LAOI-CLAX 
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“There's no such thing as the perfect 
cineradiographic film... a single film tl 
will meet the diagnostic information re- 
ES quirements of every cardiologist. Indi- 

= vidual preferences are just too great to 
. Make any one film more than a com- 
promise. And as | see it, cineradiograp 
is no place for compromise. 

«That's why at llford we have two dit- 
ferent types of Cinegram film... eagh w 
different characteristics. And we have ti 
developers to let us zero in perfectly on 
the image that the cardiologist favors. 

“But getting the exact image the car- 
diologist wants involves more than just 
film and chemistry. Matching our produc 
to the unique characteristics of the facil 
ty s equipment is equally important. 

We've learned that the combination o 
-equipment used at a facility will pro- 
foundiy affect the film and chemistry 
choice... and also the exposure and pr 
cessing requirements. Even the pro- 
jector's optics must be taken into accour 
Knowing how to do this takes very ex 
perienced people ... and we have ther 
Our people are the best trained, most 
qualified and experienced cineradiolog 
specialists in the world. And their know- 
how is an important reason why our 
Cinegram images are usually so superic 

"Most cardiologists tell us that 
Cinegram lets them see things they've 
never seen before. And that's true whethe 
they had asked us to give them more 
black-and-white contrast... greater 
smoothness in the gray tones ... sharpe 
definition .. . or just overall detail. We're 
able to give them the type of image they 
prefer with the ILFORD Cinegram Systen 

“Keeping that image always on target 
is of course also essential. That's 
where our Cinegram Quality Control 
Program comes in. As far as | know. no 
one else in this business goes so far with 
their quality control program. But we do 
because it's important. Again, it's 
that attitude of never just settling for a 
compromise." 

To learn more about the ILFORD 
Cinegram System, call or write . . 
ILFORD inc., Medical Imaging Division, 
West 70 Century Road, Paramus, N.J. 
07652. (201) 265-6000. 


ILFOF 


who really care about quality. 


Frederick V. Naspo 
Cinegram Technical Specialist 
Medical Imaging Division 
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Artist's conception, based on changes in pulmonary angiography following Breokinase infusion! 
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NEW 
BREORINASE 


(urokinase) 


for injection 


Rapid and effective dissolution 
of pulmonary emboli. 








E Proven by controlled clinical studies: 


™ More rapid and effective than heparin 
alone during the first 24 hours after 
start of therapy? 


1. Sasahara AA, Hyers TM, Cole CM, et al: The urokinase pulmonary embolism trial. Circulation (Suppl II) 47:1-108, 1973. 
2. Fratantoni JC, Ness P, Simon TL: Thrombolytic therapy: Current status. N Eng J Med 293:1073-1078, 1975. 


Please see prescribing information on last page of this advertisement. It is important to pay close 
attention to WARNINGS and CONTRAINDICATIONS sections to minimize the risk of bleeding. 
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Cie Bslors | prescribing or administering. 


(urokinase for lector) please read the 
eina product information 


BREORINASE 


(urokinase) for injection 


Breokinase (urokinase for Infection) should be used 

only by physiolans with adequate experience in the 

management of thrombotic disease In hospitals where 

neceesary clinioal and taboratory monitoring oan be 

performed (see Warnings, Precautions and Dosage and 
Administration 


). 
The physica 
clinical status and history of the patient before 
beginning urokinase treatment. Urokinase produces 
more profound changes In hemostisis and a greater 
lrequency of bleeding than heparin or oral coumarin 
antiooaguiant therapy. Bleeding when It occurs is more 
severe and moro difficult to manage. Such factors ss 
patient's age, physical condition, and undertying blesd- 
ing tendenoy (as described under Warnings and Pre- 
bautions) should be taken Into consideration when the 
potential risk of serious hemorrhage is Wehe agana 
the potential benefits of urokinase treatmen 
indications 


men eokinase is indicated for the thrombolytic treat- 
nt 





of: 
e massive pulmonary embollam, defined as ob- 
| struction or significant filing defects Involving two or 


| more lobar pulmonary arteries or an equivalent , 


amount of emboli in other vessels, as Been on pub 

monary arteriography; 

pulmonary embolism accompanied by unstable 
i hemodynamica, Le., inability to maintain blood 
| pressure without supportive measures. 
| the diagnosis of pulmonary embolism should be 

firmed by oblectlve means, preferably pulmonary 
eriography. 

Urokinase treatment should be started as soon ae 

»ossible after diagnosis of pul emboiism, but 
+0 later than five days after onset. Urtder these circum- 
stances, angiographic and hemodynamic measure- 
nents and perfusion lung scans demonstrate, a more 
'apid improvement during the first 24 hours after initia- 
lon of therapy than with heparin therapy. However, 
t has not been established that urokinase treatment 
Jecroases morbidity or mortality compared to heparin 
herapy alone. 
Zontraindications 
fhrombolytic therapy increases the risk of bleeding. 
The risk of hemorrhage in the conditions listed below 
ihould be weighed carefully against the anticipated 
nefits of urokinase therapy In each patlent. The 
yanefita and risks associated with urokisase therapy 
ihould be compared to the benefits and risks assc- 
slated with other forms of treatment. 

1. Surgical procedures within preceding ten days (in- 
cluding liver or kidney biopsy, lumbar puncture, 
thoracentos!is, paracentesis, extensive or multiple 
cutdowns). 
intraarterial diagnostic procedure within ten days. 
Uicerative wound. 

Recent trauma with possibility óf Internal injuries. 

Visceral or intracranial malignancy. 

Pregnancy and the first ten days post-partum. 

Actlvely bleeding leston of the gastrointestinal or 

genitourlnary tract, or à n with significant 

potential for bleeding tinetuding ulcerative colitis, 
diverticulltis), 

8. Severe hypertension. 

9. Acute or chronic hepatic or renal insufficiency, 

0. Uncontrollad hypocoagulable state (including 
coagulation factor deficiency thrombocytopenia, 

| spontaneous fibrinolysis, any purpuric or hemor- 

| rhagic disorder). 

1. Chronic pulmonary disease with cavitation, 6.g.. 
tuberculosis. 

2. Subacute bacteríal endocarditis or rheumatic val- 
vular disease. 

3. Recent cerebral embolism, thrombosis or hemor- 
rhage (within at least two months) to avoid risk 
of bleeding into infarcted cerebral tlasue. 

4. Any other condition In which bleeding constitutes 
a significant hazard or would be particularty difficult 
to locate or control. 


nos . 


Ing: Activation of the fibrinolytio system with 
nese causes a more profound change in the hemo- 


ANOO0RGIN 


Cour. The possibility of 


n shoukd carefully assess the overall 


-- 


intramuscular injections should be avoided during 
urokinase therapy; as with heparin therapy, because 
of the high risk of hematoma formation. Bleeding may 


occur at sites of recent invasive procedures. Therefore, 


arterial punctures must be avoided before as well as 
during treatment with urokinase. If arterial puncture 
is absolutely n , the radial or brachial artery 
should be used and the femoral artery must be avoided. 
Arterial puncture should be performed with great care 
by an experienced physician and pressure should be 
applied for at least 15 minutes. This should be followed 
by the application of a pressure dressing, and the punc- 
ture i should ba checked frequently for evidence of 


ose 

onipuncturee should also be perfomed as carefully 
and infrequently as possible. tf bleeding from an inva- 
sive site occurs during urokinase Infusion, but is not 
severe, treatment may be continued with close clinical 
observation. Local pressure and other measures 
should be Initiated Immediately. 

Spontaneous internal bleeding that ts not accessible 
for the application of pressure may also occur. The 
risk of spontaneous bleeding Is greater in patients with 
pre-existing hemostatic abnormalities, including pa- 
tients whose histories are suggestive of prior bleeding 
problems whether or not there ara demonstrable ab- 
normalities in platelet count, prothrombin time, partial 


thromboplastin time, or bleeding time. The relative _ 


risks and benefits of urokinase treatment must be care- 
fully assessed in such patients before initiating 


: treatment. 


Plasmin degrades fibrinogen, Factor V, Factor VIII, 
and other proteins in addition to fibrin. The products 
of plasmin degradation of fibrinogen and fibrin 
(FDP/fdp) possess an anticoagulant effect which may 
make bleeding difficult to control. 

If serious spontaneous bleeding occurs, the infusion 
of urokinase should be terminated immediately, and 
treatment instituted as described under Adverse 
Reactions. 


Risk of Cerebral Embotism 


Urokinase treatment of patients with atrial fibrillation 
or other conditions which predispose to cerebral 
embolism may be hazardous because of the risk of 
bleeding into the infarcted cerebral area. 

Use of Anticoagulants 

Concurrent use of anticoagulants with urokinase may 
be hazardous and is not recommended. Before be- 
ginning urokinase Infusion in patients being treated 
with heparin, the effects of heparin should be allowed 
to decrease, as evidenced by a thrombin time of less 
than twice normal or an activated partial thrombo- 
plastin time (APTT) of less than one and one-half times 


—. normal. Similarly, heparin should be withheld for four 


hours following urokinase therapy unless the pro- 
thwombin time is in the normal range. 

Rethrombosis has been observed after completion 
of urokinase treatment, in order to minimize this risk, 
administration of intravenous heparin followed by oral 
anticoagulant therapy Is considered a necessary 
adjunct following urokinase therapy (see Dosage and 
Administration). 


Uso in Pregnancy 
See Contraindications. 
Uso in Children 


Safety and effectiveness of uroklnase therapy in 
children have not been established; therefore, treat- 
ment of such patients is not recommended. 


Precautions 
Drug Interactions 


Orugs that may alter platelet function, e.g., aspirin, 
indomethacin, and phenylbutazone, should be avoided 
during urokinase treatment. The interaction of 
BREOKINASE with other drugs has not been studied. 
Laboratory Monitoring 

in patients who have received heparin, the thrombin 
time or APTT should be measured prior to starting 
urokinase. (See Warnings.) Similarly, the prothrombin 
time should be monitored during and following uro- 
kinase therapy prior to instituting heparin. (See Dosage 
and Administration.) During urokinase administration, 
the levels of fibrinogen, plasminogen, Factor V, and 
Factor VIII are usually substantially decreased, and the 
level of fibrín and fibrinogen degradation products 
(FOP/tdp) is Increased. Reduced fibrinogen and In- 
creased FDP/fdp result im a prolongation of the 
prothrombin time. Changes in these testa serve as 
confirmation of the existence of a lytic state. There 
are no data to indicate that alteration of dosage Is 
required on the basis of these tests, although as a gen- 
eral rule the prothrombin time shouid not be allowed 
to increase above 30 seconds. 

Urokinese infusion shouid be terminated Immediately 
H serious bleeding occurs. . 

Adverse Reactions 

Careful observance of the contraindications, warminpa, 
and precautions to the use of urokinase is essential to 
minimize the Incidence and severity of adverse effects. 
Bleeding 

incidence 

in controlled clinical triais of streptokinase and 
urokinase, severe bleeding (requiring a transfusion of 


greater than two units of blood) was seen in 4% of 
streptokinase patients and 6% of patients receiving 
urokinase. Several fatalities due to cerebral hemor 
rhage have occurred during urokinase therapy. 
Spontaneous bleeding of a lass severe degree haa 
been observed during urokinase treatment at aboul 
twice the frequency as that occurring during heparin 
therapy. Oazing of blood from sites of skin puncture 
is frequent, therefore. all invasive procedures, espe- 
cially arterial punctures and intramuscular Injections, 
should be avoided and intravenous buhctures kept toa 
minimum before and during treatment with urokinase. 
A moderate decrease in hematocrit hot accompaniec 
by clinicalfy detectable bleeding was observed in abou! 
20% of patients treated with urokinase. 
Management of Severe Bleeding . 
Urokinase therapy must be discontinued ff serious 
bleeding occurs. Packed red coelis are indicated for 
large blood loss. Plasma volume expanders (other than 
Dextran) may be used to replace blood volume deficit. 
Whole blood may also be used if it alone Is available. 
The use of aminocaproic acid (ACA, AMICAR®) in 
humans as an antidote for urokinase has not been 
documented, but its use may be considered if the 
hemorrhage Is unresponsive to blood replacement 


(eee Warnings). 


Allergic Reactions: 


Urokinase is a protein of human origin and In vitro as 
well as intradermal tests in hurnans gave no evidence 
of Induced antibody formation. However, the possibility 
of serious allergic reactions (including anaphylaxis) 
occurring during Hs use cannot be excluded. There 
have been rare reports of relatively mild peu. reac- 
tions, e.g., bronchospasm and skin rash 


Fever: 


Febrile episodes occurred in about 2-3% of urokinase- 
treated patients. A causal relationship to urokinase 
has not been established. Symptomatic treatment with 
acetaminophen rather that aspirin is usually sufficient. 
Dosage and Administration 
Preperation i 
Reconstitute each vial of Brodidnasd by aseptically 
adding 8.0 mi of Sterlle Water for Injection, U.S.P (It is 
important that on one Water for Injection, U.S.P, 
without preservat be used. Bacteriostatic Water 
for injection or other difuents ahould not be used: 
Swirl gently to avold foaming. Do Not Shake. Because 
Breokinase contains no preservatives, tt should not be 
reconstituted until immediately before using. Any un- 
used portion of the reconstituted materla!l should be 
discarded 

Each mi of reconstituted Breokinase contains 
31,250 C.T.A. Units of urokinase activity. 


Dosing 
Breokinase bs Intended for Intravenous Infusion Only 


Urokinase treatment should be begun as soon as poe- 
sible after the occurrence of pulm embolism, and 
no later than flve days after onset. A priming or loading 
does of 2000 C.T.A. Units/Ib (4400 C.T.A. Units/kg) of 
reconstituted Breokinase is given over a period of 
ten minutes. This is followed by a continuous Infusion 
of 2000 C.T.A. Units/Ib/hr (4400 C.T.A. Units/kg/hr; 
for 12 hours. 

A constant Infusion pump independent of all other 
intravenous systems should be used. Do not.exposa 
reconstituted solution to excessive heat, such as high 
intensity lights, during administration. 

Anticoagulation Following Breokinase Treatment 

At the end of Breokinase infusion, treatment with 
heparin by continuous intravenous Infusion followed 
by oral anticoagulant therapy is recommended to mini- 
mize rethrombosis. Heparin treatmant should begin 
4 hours after Breokinase infusion, or sooner if the 
prothrombín time has returned to normal. See manu- 
facturer's prescribing rormaton for proper use ol 
heparin. 

How Supplied 

Breokinase is supplied as a storie lyophilized prepare 
tion. Each vial contains 250,000 C.T.A. Units ol 
urokinase activity and approximately 0.9 millimole 
sodium RE The vials should be stored at o! 
below 4 
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: i me M ethod of "— Dope Cardiac Output —l 


: therm dilution. To determine whether the velocity signals obtained 


Cardiac output values obtained by thermo dilution n lecti in 20 
and open chest dogs were compared with values obtained b multiplyin 
the integral of Doppler systolic velocity signals : of aortic flow in 1 m 
by the cross-sectional area of the aortic root. Dopp ler velocity signals we 
measured either from immediately outside the proximal aortic wall or from 
outside the chest wall during (1) the baseline. state, (2) after 500. mi 
hemorrhage, and (3) after reinfusion, (4) after administration of pro 
pranolol, and (5) during infusion of dopamine. In addition, Doppler “strok 
volume” waveforms were compared with those obtained by electro 
magnetic flowmeter. Results showed a close similarity between Dopple 
signals and electromagnetic waveforms, and a close correlation between 
Doppler and thermodilution values for cardiac output except at heart rate 
exceeding 160 beats/min. The studies showed the transcutaneous 
method of measuring cardiac output to be an accurate and reliable 
technique with application to clinical heart disease. 


The noninvasive measurerent of cardiac output has been of interest to 
clinicians for vears. Echocardiography i is a useful technique but is nol 
accurate in patients with large ventricular volumes or dyskinetic myo. 
cardial segments. Furthermore, an adequate left ventricular view is not 
obtainable in many patients. Radionuclide gated blood pool scanning 
appears to be an excelent noninvasive method for measuring cardiac 
output, ejection fraction and other indexes of ventricular performanc 
However, the expense of equipment and the safety procedures necessa 
for the preparation of isotopes may limit its availability in some hospital 
Aortic systolic velocity measurements have been obtained using 
transcutaneous continuous wave Doppler. velocity meter in hum: 
beings! and in laboratory animals.? Changes in the analog integral: 
systolic velocity curve ha: “shown a close correlation with change 
stroke volume extrapolated from cardiac output values obtainec 











transcutaneous Doppler probe were simila 


with tł se from an electr magnetic flow probe, we performed th 
lowing study in closed and open chest dogs under controlled condit 
asa prelude to studies in: human beings. 


Methods 


Experimental protocol: l'wenty mongrel dogs of either sex weighin 
18 to 30 kg were anesthetize with thiamylal sodium (30 mg/kg body w 
and morphine sulfate (3 mg g) subcutaneously, intubated and mechal 
ventilated. À heparin-filled catheter was placed in the left ventricle retri 
from the right femoral artery An electromagnetic catheter flow probe (C: 
Medical Electronics model EP 1008P) was positioned in the proximal aorte 
energized with an electromagnetic flowmeter (Carolina Medical Electr 
A balloon-tipped flotation catheter (Edwards Laboratories) was positio 
the pulmonary artery and thermodilution cardiac output was measure 
an Edwards cardiac output. puter (model 9510-A). 
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GURE 1. Representative tracing showing simultaneous electro- 

ignetic flow and Doppler velocity signals. The Doppler probe is 
side the thoracic cage. The 75 cm/s calibration applies to the peak 
city. The 30 cm? refers to the actual stroke volume of the elec- 
iagnetic flow signal depicted. Time lines are 0.04 second apart. 
arterial pressure; ECG = electrocardiogram; LVP = left ventricular 
ssure. 


Closed chest measurements: The transducer (diameter 
6.0 mm) of a 2.2 megahertz bidirectional continuous wave 
oppler velocity meter (Bach-Simpson Limited, model 
VM20) was positioned superior to the right clavicle ap- 
proximately 2 cm lateral to the suprasternal notch. The probe 
direction resulting in the maximal peak velocity from the 
roximal aorta was fixed with a C clamp attached to an 
verhead bar. All signals were recorded on an Electronics for 
fedicine eight channel recorder. Signals from the Doppler 
elocity meter and the electromagnetic catheter flow probe 
were recorded simultaneously while thermodilution cardiac 
output values were obtained. Measurements were made (1) 
in the baseline state, (2) after 500 ml of blood was removed 
through an arterial catheter, (3) after reinfusion of the blood 
in 100 ml increments, (4) during an infusion of dopamine in 
oses of 4, 10 and 16 ug/kg per min, and (5) after intravenous 
dministration of propranolol (0.5 mg/kg). 

Open chest measurements: After all closed chest mea- 
rements were completed, the chest was opened and an 
ectromagnetic cuff flow probe (Carolina Medical Electronics, 
odel EMP-445 or EMP-450) was placed snugly around the 
ximal aorta. The transducer (diameter 11 mm) of an 8 
ahertz continuous wave Doppler ultrasonic velocity meter 
caid Limited, model BV 381) was positioned just above 
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THERMODILUTION CARDIAC OUTPUT 


JURE 2. Linear regression plot of Doppler against thermodilution 
diac output values in liters/min for each of the 20 dogs during the 
eline state. The dashed line is the line of identity. The correlation 
fficient for the regression line is 0.96, slope = 0.98, the y intercept 
. 12, and the standard error of the estimate is 0.06 liters/min. 
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the cuff flow probe and separated from the aortic wall by a 
thin membranous bag of ultrasonic gel (approximately 5 ml 
capacity) to dampen artifacts produced by aortic wall motion. 
The direction of the internal Doppler probe was varied to 
obtain the maximal peak velocity and was consistently parallel 
to the caudocephalad direction of the proximal aorta. The 
external transcutaneous Doppler probe was repositioned as 
previously described; however, the main pulmonary artery and 
brachiocephalic vessels were each temporarily occluded by 
clamping to determine whether aortic flow velocity alone was 
being measured. The two Doppler signals, the electromagnetic 
flow probe signal and thermodilution cardiac output values 
were recorded under the various hemodynamic conditions 

produced with the chest closed. m 

Standardization of signals: Doppler signals: Both Dop- | 
pler instruments are provided with a square wave stimules 
with a magnitude of either 50 or 100 cm/s for standardizing _ 
the measured instantaneous and peak velocities. Zero flow was . 
obtained in the open chest dogs by temporary occlusion of the... 
aorta, and electronically in closed chest dogs. 

Electromagnetic flowmeter signals: Both the electromag- 
netic catheter flow probe and the cuff flow probe signals were 
calibrated by dividing the values for cardiac output obtained 
by thermodilution by the pulse rate. The cuff flow probe was 
also calibrated by cutting out the segment of aorta containing 
the probe and measuring mean flow of heparinized blood 
produced by a source with a known flow rate. 

Analog integrator: 'The area beneath each Doppler velocity 
signal was automatically determined using a two channel in- 
line analog integrator (Carolina Medical Electronics, model 
312). TR 

Doppler signal processing: The continuous wave Dop- 
pler-shift frequencies were processed with a zero-crossing 
detector. This detector converts the frequency information 
to an analog voltage output that represents the root-mean- 
square of velocity of blood in the vessel in the region of the. 
insonating Doppler beam. : E 

Calculation of stroke volume from Doppler signals: The 
circumference of the aorta at the attachment site of the cuff 
flow probe was measured and the cross-sectional area (À) was 
calculated from the circumference (C) using the formula A = 
C?/47, A cardiac output value was calculated by multiplying 
the aortic cross-sectional area by the sum of the velocity in- 
tegrals in systole for a 1 minute period (area X length [or dis- 
tance of flow] = volume). Stroke volume was calculated by 
multiplying the aortic cross-sectional area by the height of an 
individual velocity integral. os i 

Statistical methods: The following comparisons of values 
for stroke volume were made using linear regression*: (1) 
transcutaneous Doppler with catheter flow probe (closed chest 
dogs); (2) juxta-aortic Doppler with cuff flow probe; (3) > 
transeutaneous with juxta-aortic Doppler; and (4) transcu-  - 
taneous Doppler with cuff flow probe ( open chest dogs). A 
correlation coefficient, slope, y intercept, and standard error 
of the estimate were calculated using values obtained in each 
dog separately because a regression analysis using values ob- 





tained in all dogs under different conditions is not statistically = 


valid. We did, however, construct a regression line for values 
obtained in all dogs during the baseline state only. 


Results 
Experiments in Closed Chest Dogs 
Comparison of waveforms: The Doppler waveform 
remained positive throughout systole, peaked between 
one third and one half of its total duration and usually 


had a brief negative dip in early diastole followed by a 
small positive wave in late diastole. The transcutaneous 











































3. The vas for cardiac output 
V liters/min) obtained by the 
plotted against simultaneous 
lues for four representative 
er the various hemodynamic condi- 
‘the protocol. For dog A, the correlation 
efficient (r) = 0.97, slope = 1.16, y intercept 
.0.29; for dog. B,r = 0.97, slope = 1.01, y. 
|. intercept = 0.23; for dog C, r = 0.96, slope = 
1.04, y intercept = —0.10; and for dog D, r = 
|. 0.96, slope = 1.07, and the y intercept = 
a 70.09. triangles = hemorrhage; diamonds 
-~ propranolol; circles = baseline; squares 
— dopamine infusion. 
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| "Boppler velocity waveform and that produced by thë 
. electromagnetic catheter flow probe were generally 
- similar in shape and magnitude in the baseline state, 
after 500 ml hemorrhage and at various stages during 

-reinfusion, during the administration of dopamine at 
- each of the three infusion rates and after administration 
^ of propranolol. However, the onset, duration and point 
.. of zero flow were slightly different with the two tech- 
niques, probably because, unlike the electromagnetic 
— flow waveform, the Doppler signal represents the 
ES ean-square value for velocity (Fig. 1). This was 
rated during dopamine infusion and after à 
ture ventricular beat. The reason for this exag- 
















pectrum of frequencies: detected by the Doppler 


Sh omparison. of ‘eardiac output values: Gadi 
. output values anged from 1.2 liters/min after 500 ml 
|. hemorrhage: to 7.6 liters/min during maximal dopamine 

infusion. Figure 2 shows the correlation between values 











I modilution method in all 20 dogs in the baseline 
state In Figure 3, the values from four representative 
ogs are shown under various hemodynamic conditions. 
verage correlation coefficient of the regression 
8 for all 20 dogs was 0.92 (range 0.86 to 0. 98). The 
ues obtained after 500 ml hemorrhage and during the 
'/kg per min infusion of dopamine are farther from 
the line of identity than are those measured during the 
-.. baseline state, during reinfusion of blood or after ad- 





tion of heart rate, as shown i in Figure 4, in which the 
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clear, but may be due to turbulence pro- - 
rre rapid ejection during dopamine infu- - 
id after a premature beat, which would broaden - 


lated from the Doppler velocity integrals and from 


ministration of propranolol. This proved to be a func: 





differences bütween the Doppler and thermodiluti 
values are plotted against the heart rate; the most rap 
rates occurred after 500 ml hemorrhage and during t 
16 ug/kg per min infusion of dopamine. Results fror 
other studies? have indicated that this inaccuracy of th 
Doppler method i is probably a result of turbulent flow 


Experiments i in Open Chest Dogs 


Comparison of juxta-aortic ‘Doppler and cuf 
electromagnetic flow probe signals: The veloc 
signal of the Doppler instrument and the signal pi 
duced by the electromagnetic cuff flow probe wi 
similar in shape and magnitude, except that the pe 
ler signal occurred. approximatel 
he peak “flow” signal. - 
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FIGURE 4. The differences (in ml/min) between Doppler a i 

dilution values for cardiac output are shown for all 20 dog 
ranges of heart rate. At higher heart rates the Doppler value 
timated thermodilution values more than at lower heart rates. 
are mean + standard error. 
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JRE 5. Simultaneous signals produced by transcutaneous and 
rations. ECG = electrocardiogram. 


mparison of transcutaneous and juxta-aortic 
ppler signals: The velocity signals recorded trans- 
aneously and from within 1 cm of the wall of the 
ta were nearly identical except for a lower signal to 





nce between the probe and the aorta and the 
'ement of the chest wall and lungs in the artificially 


tilated dogs (Fig. 5). This similarity held true under 


hemodynamic conditions and at all heart rates en- 
untered. 9 

Simultaneous transcutaneous Doppler, juxta- 
rtic Doppler and cuff flow probe: When the three 
nethods of estimating stroke volume were performed 
nultaneously, it was possible to determine the factors 
lated to the greatest variance between Doppler esti- 
nations of stroke volume (by either method) and cuff 














se ratio in the transcutaneous signal, a result of the - 
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juxta-aortic Doppler probes with the same amplification and identical 75 crn/s 





flow probe measurements. Figure 6 shows stroke vo 
umes calculated from both Doppler signals plotted. — 
against the stroke volumes measured by cuff flow probe. _ 
At very low and very high stroke volumes, both Doppler 
methods tended to overestimate the cuff flow probe 
value; however, the standard error of the estimate was 
still small (less than 4.3 ml) so that a high degree of ac- 
curacy was present throughout the range of stroke vol- 
umes. The percent of measured stroke volume esti 
mated by both Doppler methods was found to be in-. 
versely proportional to the preceding R-R interval (Fig. 
7), an observation that is consistent with the errors 
noted after an extrasystolic beat and at rapid heart — 
rates. Thus, rapid heart rates and not absolute stroke _ 
volume appear to be major limitation of the method in- | 
the anesthetized dog. DE p 








FIGURE 6. Comparison of stroke volumes (in ml) in one dog = 
as measured by the Doppler technique and cuff flow probe. 
Open circles = transcutaneous probe; closed circles = — 
juxta-aortic probe. To better demonstrate the differences - 
encountered at very low and very high stroke volumes, — . 
correlation analys: re separated for the 5 to 15 ml, 15 
to 25 ml and 25.to 35 ml range of stroke volumes. For 5 to 
15 ml, the correlation coefficient (r) = 0.61, slope = 0.48, 
| y intercept — 8.01, and the standard error of the estimate 
, (SEE) = 3.3 ml; for 15 to 25 ml, r = 0.86, slope = 1.11, y 
4o (intercept = —2.28 and SEE = 1.6 ml; for 25 to 35 m, r = 
0.77, slope = 1.78, y intercept = —19.12 and SEE = 4.3 
mi. 
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2 "Discussion 


udy of 20 closed and open chest dogs demon: 
efulness of the method of estimating 
it. by. multiplying the 1 minute sum of 
locity integrals in systole by the cross-sec- 
a of the proximal aorta. The method was ac- 
or estimating stroke volume in most hemody- 
ituations except at extremely rapid heart rates 
1 extrasystolic beat. We have also shown that 
gnals recorded with the transducer outside 
c cage are almost identical to signals recorded 











reater noise in the transcutaneous signal. 

Physical and physiologic considerations: There 
heoretical reasons why a measurement of instan- 
taneous blood flow velocity should parallel flow or car- 
tput measurements by any other method. The 
relocity profile created by a pressure gra- 


to be the form M cos (wt — y), the standard ex- 
o p ession for one harmonic component of a Fourier se- 
_ ties, The equation 


QU__ lap, (aU , 12U 
ot p ox or? or Or 


d “describes the behavior of the axial (forward) velocity (U) 
- as a function of the radius (r) of the vessel, time (t), the 
.. density of blood (p), and the kinematic viscosity (v) 
- when blood is subjected to an oscillatory pressure gra- 
4 dient. The geometric form of the oscillatory profile is 
.. well known? and helps to explain why problems in 
. measurement arise in certain situations. The velocity 
. atthe aortic wall is zero (or near zero) and a boundary 
< layer formed just distal to the aortic leaflets gradually 
grows in thickness until the flow in the entire aorta is 













96 ELECTROMAGNETIC FLOW- PROBE 
ASESTINATED BY DOPPLER 


Fiore. 7. Graph depicting the percentage of flow probe 
: ‘stroke volume estimated by both Doppler probes at dif- 
. ferent preceding R-R intervals (in ms). 


velocity dist bution assumes a parabolic form, The 


changes thr 


he probe 1 cm from the aortic wall, except for | 


yat oscillates sinusoidally have been described - 
thematical terms.? The pressure gradient is as- 





influenced 1 ‘this phenomenon ‘of viscosity and 














































velocity in the center of the aorta is then greater 
at the aortic root in order to preserve continuity. 1 
point at which this occurs is called the “inlet length”: 
ughout the cardiac cycle.’ By takin 
rements from the proximal aorta, | 
ie parabolic profile is avoided, excep 











problem o 
extremely low heart rates. 

The equations that. describe the characteristi 
oscillatory flow in a tube are not precisely applica 


ecause the aorta is distensible. T' 
tensibility is complicated by (1) viscoelastic b 
nsible for attenuation of the pul 
traveling f m the heart, and (2) by a nonlinear 1 
in resisting different degrees of arterial dis 
However, the importance of this distensibility 
theoretica than functional, since Bernouilli's the 
po = p + '5g?p (where p, is the uniform stagn 
pressure of the flow, q is velocity, p is the hydro 
pressure and p is the density of blood) relates pres: 
and velocity such that a flow curve { velocity curve 
be calculated from a pressure gradient measured i 
proximal aorta.® This is particularly important bec: 
two of the three dimensions (cross-sectional area) we : 
using to calculate cardiac output have the capacity 
change through systole, thus affecting the calculatio 
of flow. Greenfield and Patel? have shown that the. 
erage change in aortic cross-sectional area during syst 
is 11 percent. In the dog aorta, the cross- -sectional a: 

is sufficiently small that the absolute error ün cr 
would be acceptable for calculations of flow from a 
and linear velocity, particularly with the constrain 
effects of the cuff flow probe. However, in the huma 
aorta, the area is larger (from 4.5 to 8.5 cm?) and 
pulse rate is slower than in the dog, so that absol 
errors in area are much more important. e 
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t be require fo ac o 
a e E h in y patignte with multiple pre- 

. ventricular beats during th dy, cardiac ^ — 
t calculated from Doppler velocity in egrals will i: 
si timate the true value; 5; and eee situations ^^ the. 
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in 15 patients with acute mye 
















ardial infarction (group I) and in 1 pal 





obtained by multiplying the 7 minute sum of the systolic integral 
blood flow velocity by the average systolic diameter of the aortic root w 


undergoing routine cardiac 









compared with values obtaine with the thermodilution and Fick methc 


respectively. Patients in group | were studied under various n 


conditions, whereas those in group Il were studied in the baseline ste 






































only. In group i, the correlation between the two methods was excelle 


(r values ranged from 0.96 to 0.99) except in one severely anemic pat 
whose Doppler signals were noisy, but at heart rates exceeding 
beats/min it was not as good. In group Il, the correlation between the h 
methods was r — 0.96 with a standard error of the estimate of 0.226 lit 
The Doppler method is totally noninvasive and is useful for monitorin 
changes in cardiac output in patients with acute myocardial infarctio 


A simple, accurate noninvasive method is needed for monitoring cardia 
function in critically ill patients, particularly those with acute myocarc 
infarction. The state of the myocardium in these patients is in const: 
flux because of changing quantities of ischemic tissue and labile blo 
pressure and heart rate. Methods requiring a pulmonary arterial the 
modilution catheter are hazardous in patients with coagulation abno 
malities and are technically difficult in some situations. Echocardioi 
raphy is a useful noninvasive method of assessing cardiac output bt 
cannot be performed adequately in all patients. A noninvasive metho 
for continuously monitoring hemodynamic data would be of considera 
utility when administering antiarrhythmic agents, colloid and crys 
lized solutions, vasodilators and positive inotropic drugs. — 
Transcutaneous continuous wave Dop pler measurements of a 
ejection velocity have been shown to approximate closely the vel 
values obtained with invasive methods. +? Relative changes in the ir 
of the velocity signal in systole have also been shown to correl: 
changes in stroke volume over a wide range of cardiac output 
dogs.? Encouraged by these observations and by our own studies i 
we investigated the possibility of using transcutaneous continuo 
Doppler ultrasound to measure absolute values of cardiac o 
hemodynamically unstable patients with acute myocardial inf 
and in patients in stable condition undergoing diagnostic cardi 
eterization. E E E 









Methods | 


Patients 1 
Group I—coronary care unit: Group I consisted of 12 men and 3 


(mean age 54, range 36 to 67 years) with acute myocardial infarction 
historical, electrocardiographic and creatine kinase isoenzyme criteri: 
Lin the coronary care unit of Grady Memorial 


infarction and were stu | 
or the Atlanta Veterans Administration Hospital. Materials required for 
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up I included a triple lur 
rds Laboratory), Edwards Laboratory digital 
ion cardiac output computer (model 9510-A), 2 contin- 
s-wave directional Doppler units (Sonicaid Corp; Bach- 
ipson Ltd.) with 2.0 and 2.2 megahertz unfocused trans- 
rs and an Ampex multichannel instrumentation re- 
er. 2 ee TE 
'oup II —cardiac catheterization laboratory: Group 
nsisted of 10 men and 4 women (mean age 50, range 32 to 
ars) undergoing diagnostic cardiac catheterization for 
st pain in the Grady Memorial Hospital Cardiac Cathe- 
ition Laboratory. In group II the Doppler unit was con- 
to an eight channel recorder (Electronics for Medicine) 
light-sensitive paper (Kodak? Linagraph). A Swan-Ganz 
directed catheter and an angiographic pigtail catheter 
placed in the pulmonary artery and thoracic aorta, re- 
ively, to sample blood for the Fick determination. 
formed written consent was obtained from all 29 patients 
the Doppler determination and for placement of the 
ermodilution pulmonary arterial catheter in group I and for 
entire catheterization procedure with angiography in 
oup II. 


jen fl 

















ardiac Output Measurements 


Determination of cardiac output standards: In group 
he pulmonary arterial thermodilution catheter was inserted 
the time of admission to the hospital. Cardiac output was 
etermined by averaging the results of values obtained after 
ree 10 ml bolus injections of dextrose in water cooled to 5? 
5 These values were not known to the investigators until 
er all data were collected and the Doppler values calculated. 


hnique, with simultaneous samples of anticoagulated blood 
iwn over a 90 second time period from the pulmonary artery 
0 ml) and the aorta (10 ml). The pulmonary and systemic 
terial whole blood oxygen contents were measured with the 
n Slyke technique, and the arteriovenous difference was 
culated by subtraction. Cardiac output (CO) was calculated 
sing the standard formula: 


) (liters/min) = 


Oxygen consumption (ml/min) 
_ Systemic arteriovenous oxygen difference (ml/liter) 


/ELOCITY INTEGRAL 4 


J DOPPLER FLOW! - 
VELOCITY 


des A AORTIC VALVE ! 
i ECHOGRAM ^" 


Laboratory digital thermo- 


Determination of aortic cross-sectional area: In each 


patient, an M mode echocardiogram of the aortic root and 


leaflets was performed before or during Doppler measure- 
ments (Fig. 1). Greenfield and Patel showed that the average 
change in the cross-sectional area of the human proximal aorta 
during systole was 11 percent. We? have confirmed their ob- 
servations using echocardiography as the method of mea- 
surement. Therefore, we used a method of determining the 
average systolic diameter from the aortic root echo, rather 
than merely using half the sum of end-diastolic and end-sys- 
tolic diameters (Fig. 2). The average systolic cross-sectional 
area (A) of the aortic root was calculated using the formula: 
A = s (5D)? where D is the average aortic diameter. 
Doppler velocity measurements: Doppler velocity mea- 
surements were made simultaneously with cardiac output 
determinations using the thermodilution technique in group 
I and during blood sampling in group II. For velocity mea- 
surements of blood flow in the proximal aorta, the continuous 


wave Doppler transducer was placed in the suprasternal notch ~ 


and directed inferiorly toward the patient’s left hip until a 
velocity signal was detected with peak flow toward the 
transducer. The transducer was rotated clockwise until the 
probe direction resulting in the greatest peak velocity (usually 
between 75 and 125 cm/s) was obtained. This method of 
aligning the probe was used in both groups. The reliability of 
obtaining nearly identical velocity tracings in the same patient 
was tested by removing the probe, replacing it, again locating 
the probe position resulting in the greatest peak velocity and 
comparing the signals. In each case there was less than 5 
percent difference between the mean of 30 sequential values . 
for peak velocity before and after the probe was moved. d 


Studies in the cardiae catheterization laboratory allowed .... 


further localization of the region of the proximal aorta from. 
which Doppler velocity measurements were being made. Once 
the probe was aligned to detect maximal peak velocity, small - 
quantities of contrast dye were injected into the proximal 
aorta under fluoroscopic control until the audio frequency 
produced by the Doppler instrument became lower in pitch 
and coarse in quality and coincided with the onset of dye 
ejection from the catheter. This region was always within 3 cm 
of the aortic root. Similar injections of dye into the brachio- 
cephalic vessels were not detected with the Doppler instru- 
ment, indicating that subclavian and carotid flow velocities 
were not contaminating the aortic velocity measurements. 
The Doppler shift frequencies detected with the ultrasonic 
probe were processed with a zero-crossing detector system and 








GURE 1. Simultaneous M mode echocardiogram of the aortic root, the aortic valve and continuous wave Doppler signals of flow velocity in the 
(imal aorta and electrocardiogram (ECG). The velocity integral is the electronic integration of the area beneath the systolic portion of the velocity 
nal above zero flow. The velocity integral (proportional to stroke volume) changes with respiration. 




















he baseline hemodynamic values (pulmonary capillary 
ige pressure, heart rate and cardiac output), colloid solu- 
dium nitroprusside or dopamine, or any combination, 
sed at a rate commensurate with the needs of the 
hermodilution values and Doppler velocity mea- 
e obtained every 4 hours and each time a new 
en or the rate of infusion was changed. An average 
omparisons between thermodilution cardiac output 
es and cardiac output values calculated from velocity 
ignals were made in each patient. ; 

- In group 11, the velocity signals were recorded during the 
Fick cardiac output determination. No hemodynamic agents 
jere given. —— 

Calculation of cardiac output from velocity signals: For 
each comparison between Doppler velocity signals and the 






































- systolic cross-sectional area of the aorta was multiplied by the 
sum of all velocity integrals recorded during a 1 minute period. 
_ For example, if the mean systolic cross-sectional area was 7.9 
.. em?, and the sum of velocity integrals recorded in 1 minute 
|... was 500 cm (the integral of velocity in cm/s over time gives a 
-. value with the dimensions of length), the calculated cardiac 
-output would be 7.0 cm? X 500 em or 3,500 cm? (3.5 liters/min). 

. Any integrals of velocity occurring in diastole were ignored 
in these calculations because diastolic “velocity” in the aorta 
epresents the movement of blood that has already been 
jected and therefore already measured. 












output determined from Doppler velocity signal in- 
ratio! and the echocardiographic mean aortic systolic 









_.increased after a single 


yas admitted to he coronary care unit. Depending - 


cardiac output standard (thermodilution or Fick), the mean 


Statistical analysis: The sequential values for calculated 





NITROPRUSSIDE INFUSION. 
t60ug/min : 


coo FK The electrocardiogram (ECG), velocity integral and aortic ejection velocity are shown at the time of admission, 4ho 
=o with nitroprusside infusion, and 8 hours later with both a dopamine and a nitroprusside infusion. Both the peak velocity and the velocity i 
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FIGURE 2. Diagram depicting the 
systolic diameter of the aortic ( 
represents the time-integrated 
ameters, is mez jla 


ed with planimetry and tt 
ejection time to obtain the average diameter 


























points between patients u 
slope, y intercept of the regression line and standard e 
the estimate were computed for the series of measurem 

in each patient. In group II, cardiac output values were me 
sured once in each patient in the baseline state only; a lin 
regression analysis was applied to the data in this group 
patients. Es n jj 

























: Results ES 
Group I—coronary care unit: Velocity signals w 
obtainable in all 15 patients; they were reproducib 
during any one period of measurement and were ge 
erally smooth and uniform in shape. The time requir 
to locate the probe position that produced the maxim 
peak velocity averaged 60 seconds; the longest time 
quired was 2 minutes, 15 seconds in a patient who: 
tially would not lie still. ^. eue D EE 
During the infusion of dopamine at the rate of 
ug/kg per min in one patient, the velocity signal w 
rough, presumably because of the associated pulse ra 
of 156 beats/min. At lower infusion rates, the prob. 
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re was generally an excellent correlation between 
vo methods except in Patient D, who was anemic 
ocrit = 22 percent) and had marked tachycardia 
han 160 beats/min) during all measurements. 
ndard error of the estimate ranged from 0.004 
0.129 liter in these 15 patients. — 
oup II—cardiac catheterization laboratory: 
city signals obtained in group II were also smooth 
of uniform size and shape. All patients had a heart 
t rest of less than 100 beats/min, a hematocrit 
e greater than 35 percent and a basal body tem- 
ture of less than 38° C. Fick cardiac output values 
those calculated from velocity signals are compared 
‘igure 5. The correlation coefficient, slope, intercept 
standard error of the estimate are given in the figure 
end; however, additional (and perhaps more practi- 
) information is shown in the figure itself by the two 
ved lines that represent the 95 percent confidence 
mits for measurements in each cardiac output range. 
e distance between the lines of each point on the 
bscissa is therefore a function of the predictive value 
the Doppler method under these conditions and in 
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THERMODILUTION (L/min) 


; 4. Linear regression plots of cardiac output values calculated from the Doppler velocity signals versus simultaneous values obtained with . o 
odilution in 15 patients (group 1), The correlation coefficient for each patient is shown below each plot. These values were obtained at the — 
admission (usually the lowest value), and during dopamine or nitroprusside infusion, or both. 
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gh the confidence limits were 
der at low and hi diac output values, the error 
of the Doppler estimation was only 0.3 liter at the 
highest cardiac output value and only 0.2 liter at the 
lowest level of cardiac output. Thus, even at the two 
extremes of the curve, the accuracy of the Doppler 
method is sufficient for clinical use. | 
Conditions producing Doppler signals with a low 
signal to noise ratio: We noted three situations that 
seemed to produce rough velocity signals with consid- - 
erable noise: (1) fever (temperature more than 39° C), 
(2) anemia (hematocrit less than 26 percent), and (3) 
rate of dopamine infusion (more than 14 ug/kg per min). 
Further evaluation revealed a common factor; the heart 
rate in each situation was more than 150 beats/min. 
This was best demonstrated in two patients with noisy — 
signals receiving dopamine infusions of 16 and 18 ug/kg 
per min and with heart rates of 172 and 158 beats/min, 
respectively. When the infusion rate was lowered to 12 
ug/kg per min, the heart rate in both patients decreased 
to less than 150/min. Velocity signals became much less 
noisy, uniform in shape and of smooth configuration. ` 
The same sequence of events occurred in the patients - 
with fever or anemia in whom signal noise almost dis- 
appeared when these problems were treated. Valuesin- 
Patient A (Fig. 4) represent measurements made after 
the fever was eliminated. However, in Patient D, the 
measurements were made while the patient was still 
anemic because matched blood was not available for 48 
hours. DIBSD 
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first described the application of the Doppler 


for the noninvasive measurement of instan- 


o d veloci ‘in the proximal aorta of human 


fhe wave forms he obtained were similar to 
stablished with invasive flow probe techniques. 
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ar h.- | | | | methods are p 
scutaneous Doppler method has also been represent the 
sess relative changes in stroke volume. Colo- bx, where y = lue, a = 1. 
t al? demonstrated that continuous wave HORA N oed TE abr 
ppler ultrasound could estimate stroke volume liter. | 2 


es in dogs subjected to several hemodynamic in- 


erventions that caused cardiac output to vary over a 
wide range. These investigators demonstrated a close 3 o del D EU 
- correlation between the integral of the velocity signal demonstrate the potential of this procedure in the 

and stroke volume as measured with standard ther- evaluation and hourly monitoring of patients w 
.. modilution techniques. Studies in our laboratory! have condition is hemodynamically compromised. In p 
confirmed their observations. : ous reports! 919 relative changes in blood velocity 
_ Clinical application: The results of previous studies stroke volume were assessed without assigning ac 
-. using the Doppler method in both animals and human quantitative units to the results. Our study demo 
— beings, plus the results of this study in patients, clearly strates that in many patients cardiac output (in liter 
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|. Clinical Data, Cardiac Output Values, and Statistical Correlations Between Thermodilution and Doppler Values in Group | 
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of Root PCWP < (liters/min) ¿o lation SEE p ^QOlinical - 

., Infarct Area (cm?) (mm Hg) Initial Final (r value)" | (liters): Val 
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~ n refers. A he number of observations in that patient. x E E | m 
Ant = anterior: D = Doppler; Hct = hematocrit; IHSS = idiopathic hypertrophic subaortic stenosis; inf = inferior; Lat = lateral; PCWP = 


capillary wedge pressure; p = probability; Post = posterior; SEE = standard error of the estimates; T = thermodilution; Temp = rectal 
ture. E " : E 




























in be determ 
eful in clini 


al in clinical practice. —— > 

icible results are not critically dependent on the 
the ultrasonic beam if its direction is approxi- 
y tangential to the course of the vessel.!! The basic 
er equation, v = Afc/2focos6,* indicates that flow 
' can be calculated from the observed Doppler 
ith an accuracy of +10 percent if the beam is 
25° of the direction of flow because of the small 
n of cos# when @ is near 0. For the measurement 
me flow (Q), the Doppler equation must be 
lied by the cross-sectional area (A) of the vessel: 
(Afc)/(2focos0). The mean frequency shift (Af) 
is case is the average over the total vessel lumen; 
is the average angle over the total lumen. 









































sound velocity; f = the Doppler shift (Hz); fo = the center fre- 








y (Hz); Ó = the angle between the beam vector and velocity; and 
ow velocity. 
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Advantages: ' ppler method has several ad- 
vantages over ca zation techniques for the re- 
peated measurement of cardiac output: (1) A single unit 
can be used on multiple patients; (2) it carries none of 
the risks of indwelling catheters; (3) it does not require 
blood samples (as does the Fick method) or expansion 
of the intravascular volume (as does the thermodilution 
technique) that may present problems when serial 
studies are performed; and (4) the technique can be 
learned and used with accuracy and safety not only by _ 
cardiologists and cardiovascular surgeons, but also by 
nurses and technicians. | 
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erobserver ; Analysis of Variance 


2 ROBERT D. OKADA, MD, FACC This study was performed to determine the interobserver variance for or the 


- "CHARLES A. BOUCHER, MD, FACC interpretation of segmental thallium-201 image scores and the change 
. HOWARD K. KIRSHENBAUM, MD im such scores between the exercise and delayed images. Fifty patients 
FRED G. KUSHNER, MD, FACC . . 40 with and 10 without significant coronary artery disease, underwent 
È WILLIAM STRAUSS, MD thallium imaging immediately after exercise and 2 hours later in the an: 
En BO i M terior and 50? left anterior oblique projections. The left ventricle was di 
c vided into six segments and graded by four independent observers on : 
GERALD M. POHOST, MD, FACC ` 
e scale of 0 (minimal activity) to +2 (normal activity). Interobserver vari 


ij Boston, Massachusetts ance was determined for each segment. For a change in thallium activit 
between exercise and delayed images, the interobserver variance was 
greatest for the apical and apical-inferior segments, intermediate for the 
inferior and septal segments and least for the anterolateral and posterior 
segments. 

When segmental thallium scores were interpreted by an individua 
observer using a standard method employing one set of arbitrary criteri. 
(method 1), the thallium stress test had a sensitivity of 77 percent an 
a specificity of 75 percent for coronary artery disease. When the score 
were interpreted by an individual observer using criteria derived fror 
interobserver variance analysis (method 2), the sensitivity increased t 
86 percent (probability [p] <0.05); the specificity (78 percent) did no 
change significantly. When multiple observers arrived at a single diagnosis 
by consensus (method 3), the sensitivity was 75 percent and speciticit 
90 percent. However, when the multiple observers' scores were average 
and the averaged scores interpreted by a single set of criteria applied t 
all six ventricular segments (method 4), the sensitivity and specificit 
increased to 90 percent (p «0.05 and not significant, respectively [metho 
4 versus method 1]). Thus, there is considerable interobserver variance 
in the qualitative scoring of segmental thallium activity. More caution mu: 
be observed in interpreting changes in activity from exercise to delay 
images in the apical and apical-interior segments than in the anterolate 
and posterior segments. When only one observer is available, diagnost 
accuracy is improved by using criteria based on interobserver varian 
analysis. However, when f zasible, thallium paige tests should be 

' raging gof the e multiple obs 








e rdiac Unit and Bene nnt of Nuclear E i k i 
assachusetts General Hospital and Exercise thallium-201 myocardial perfision i imaging has inu u 
of Medicine, Boston, Massachu- 1-9 
was supported in part by Grant HL tensively for the diagnosis of coronary artery disease.'~® Pohost et 
.S. Public Health Service, Be- demonstrated the resolution of some defects present on initial po 
ida, Maryland. Manuscript received October ercise thallium images when patients underwent further imaging se 
ape eios red a gaia March 25, hours after a single dose of thallium. Exercise image defects tha 
200, BCCOROU Apr appeared were believed to represent transient ischemia whereas de 
Address for reprints: Robert D. Okada, MD, : n 
that persisted were thought to represent scar. Despite the increas 


Cardiac Unit, Massachusetts General Hospital, : dia kan : 
Boston, Massachusetts 02114. of thallium myocardial maging, the interobserver variability 































































cision and 
ds on this 
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single observer remains to be determined. This 
y was undertaken (1) to determine the interobser- 
variance in the qualitative scoring of segmental 
allium myocardial activity, (2) to determine the di- 
nostic accuracy of a single observer's interpretation 
thallium stress and delayed images, and (3) to eval- 
the usefulness of several techniques designed to 
imize the loss of diagnostic accuracy due to in- 
observer variance. | 


Methods 


tudy patients: The study group consisted of 50 patients 
men and 10 women) who had thallium stress tests ordered 
their private physicians for the evaluation of chest pain, 
id who subsequently underwent cardiac catheterization. 
heir mean age was 54 + 9 (standard deviation) years (range 
066). 

All patients had selective coronary angiograms recorded 
th 35 mm cinematography at 60 frames/s. The angiograms 
were interpreted by two observers who arrived at a consensus 
agnosis without knowledge of the results of thallium imag- 
. Significant coronary artery disease was defined as 50 
ercent or greater narrowing of at least one major coronary 
rtery in at least two projections. Forty patients had signifi- 
it coronary artery disease and 10 did not. Thallium stress 
ests were performed within 1 week of cardiac catheteriza- 

n. 

Thallium-201 image acquisition: Before exercise, a supine 
lead electrocardiogram was obtained and an intravenous 
anula was placed in a dorsal hand vein. Patients were 
tressed in the supine position with use of a bicycle ergometer. 
e routinely use either supine bicycle or treadmill exercise 
thallium stress tests at our institution and have found no 
erence in the diagnostic accuracy of the two techniques.?? 
pine exercise was used in this study so that imaging could 
tiated immediately after the end of exercise. Electro- 
graphic lead II was monitored continuously and selected 
s were recorded at 2 minute intervals. The initial exercise 
oad was 150 kilopond-meters (kpm)/min and increased 
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URE 1. Schematic drawing demonstrating segmental division of 
ium-201 images. L.V. = left ventricle, 









by 150 kpm/min every 2 minutes. Exercise was symptom- 

limited by chest pain, shortness of breath or leg fatigue. Ap- 
proximately 30 to 60 seconds before the anticipated comple- 
tion of exercise, 1.5 mCi of thallium-201 (New England Nu- 
clear, North Billerica, Massachusetts) was injected intrave- 
nously. Immediately after the completion of exercise and 2 
hours later, imaging was performed with the patient supine 
in the anterior and 50? left anterior oblique projections. 

Images were obtained with a conventional Anger scintilla- 
tion camera (Ohio Nuclear Series 420 Mobile Gamma Camera) 
interfaced with a mobile nuclear medicine computer system 
(MUGA-CART, Medical Data Systems, Ann Arbor Michi- 
gan). An all purpose, medium resolution collimator was used. 
A 30 percent energy window encompassing X-ray emissions 
at 60 to 80 keV was selected. Imaging time for each collection 
was 6 minutes. Data were collected in a 128 by 128 matrix-by&e 
mode format. 

Thallium-201 stress test: data analysis: The thallium 
images were viewed on a computer gray scale display forin- 
terpretation. Only the central portion of the thallium image 
containing the myocardium was displayed. The exercise and 
delayed images were displayed side by side for comparison. 
No other computer manipulations were performed. Each 
image was interpreted by four independent observers unaware 
of the patient's cardiac catheterization findings or clinical 
history. The ventricle was divided into anterolateral, apical | 
and inferior segments in the anterior view, and septal, api- 
cal-inferior and posterior segments in the 50? left anterior ^ 
oblique view (Fig. 1). These segments were believed to cor- - 
respond to the distribution of the three coronary arterial 
Systems. a 

Thallium activity in each segment was subjectively graded 
as 0; 0.5, 1.0, 1.5 or 2.0. For each image, the segment (or seg- 
ments) that demonstrated the most intense and homogeneous - 
thallium activity (that is, the most normal) was graded +2, 
Segments that demonstrated no activity were graded 0. Seg- - 
ments that demonstrated clearly reduced, yet not absent ac- 
tivity were graded +1. Segments demonstrating decreased 
transmural thickness compared with the normal segment were 
also graded +1, except for the apical, septal, and apical-infe- 
rior segments which can normally appear thin. Larger apical 
and apical-inferior defects were considered normal in ven- 
tricles believed to be dilated. Half-points in the scoring system 
were used when an observer thought that activity or thickness 

of a segment was intermediate between two grades. — 
Four methods for interpretation of scores were studied. |. 
These methods are summarized in Table I and are further |. 
explained as follows: c x 
Method 1 (individual observer, standard criteria): Indi- 
vidual observers’ scores were first interpreted using the fol- 
lowing (standard) criteria: A transient defect was defined as 
an increase in grade of 1.0 or more from the exercise to delayed — 
image for any of the six ventricular segments. If a defectinthe — 
anterolateral, inferior, septal or posterior segment was present ` 


TABLE | 


Methods Used for Interpretation of Segmental Thallium-201 - 
image Scores | 








Method Observers. Criteria Used 
1. individual Standard 
2. Individual Interobserver variance 
analysis 
3 Multiple (four) Standard 
(consensus) 
4 Multiple (four) Average 



















rcise (grade 1.0 or less) but did not increase by a grade 
it least 1.0, it was considered a persistent defect. If a defect 
the apical or apical-inferior segment was present at exercise 
grade 0.5 or less), but did not increase in grade by at least 1.0, 

'as dered a persistent defect because these segments. 
yave less activity than that in the other four seg- 












d 2 (individual observer, interobserver variance 
sis criteria): Interobserver variance analyses were per- 
d for the six segments. On the basis of these results, 
ia for the interpretation of segmental thallium scores 
re derived for each of the six ventricular segments (in- 
bserver variance analysis criteria, Table II). Individual 
ers’ scores were reinterpreted using these criteria. — 
- Method 3 (multiple observers by consensus): The four 
individual observers’ scores were used to arrive at a single 
nterpretation for each patient by consensus. If at least three 
- of four observers agreed on the presence of a defect, then the 
onsensus was judged positive for coronary artery disease. 
Otherwise, the consensus was considered negative for coronary 
. artery disease. The standard criteria were used for this anal- 
(CNBISS ooo 
Method 4 (multiple observers, average criteria): The four 
__ observers’ scores were averaged to yield a multiobserver scoré 
-. for each segment. These scores were interpreted using the 
-. following arbitrarily derived set of criteria (average criteria}, 
which allowed smaller changes in scores to be considered 
.. significant than those of the standard criteria: A transient 
-defect was defined by an increase in score of 0.5 or greater from 
"the exercise to delayed image for any of the six ventricular 
- segments. If a defect in the anterolateral, inferior, septal or 
-posterior segment was present at exercise (grade 1.5 or less) 
_ but did not increase by a grade of at least 0.5, it was considered 
. a persistent defect. If a defect in the apical or apical-inferior 
-segment was present at exercise (grade less than 0.75) but did 
- not increase by at least 0.5, it was considered a persistent de- 
~~ fect because these segments normally have less activity than 
the other four segments. 
With all four methods, a thallium stress test with at least 
.. one transient or persistent defect was considered positive for 
coronary artery disease. 
— | Statistical analysis: Differences between the four indi- 
_ vidual observers’ segmental scores and changes in these scores 
- between exercise and delayed images were analyzed by à 
«two-way analysis of variance. For the purpose of this study, 
_ the total estimated interobserver variance was defined as the 



































AziAz21A2 . 
0.5 0.5. 


Exercise. St = <1 <4 = <4 - 
Delayed £1.5 X05 $15 S1' 505 S15. 


The criteria for a persistent defect require that conditions for both 


mage obtained 2 hours later (Delayed) be satisfied. E 
Tt Includes a delayed image score of 1.5 if the exercise image score 
is 1. : 
Al = apical-inferior; AL = anterolateral; AP = apical; Inf = inferior; 
Post = posterior; Sep = septal; A = exercise minus delayed image 
:$core. 


hallium-201 image immediately after exercise (Exercise) and the. 


)ctober 1980 The Ar 


PETES 


error due to observer bias plus the random error inhere 
the method. We expressed the estimated interobserver 
ance (sio?) in terms of its associated standard deviation, th 
is, as 2 X sio where the factor of 2 was chosen to give an 
proximate 95 percent confidence limit.!? Variances w 
compared using an F test. zr 

The sensitivity and specificity of the thallium stress 















































were defined às follows: 















| True positive tests _ = 
ue positive tests + False negative test 
____ True negative tests | 
ue negative tests + False positive test 
d specificity were calculated for each obse 
ed to yield an overall sensitivity and ov« 

:e methods using individual observers 
sitivity values for the four methods were compared by : 
mating the variance of the difference of these values with th 
use of a table of correlated proportions.!? Each differen 
sensitivity was then divided by the square root of this es 
mated variance (that is, by the estimated standard deviatio 
of the difference in sensitivity values) to obtain a standar 
normal z variate. This z variate was then referred to a tabl 
of the cumulative normal distribution (area under both tails 
to test the null hypothesis that the pair of sensitivity value 
were equal. The probability that the two values for sensitivit 
were equal, given the estimated z variate, was the convention: 
probability (p) value. Specificity values for the four meth 
were compared in the same manner. m 


Sensitivity = 











Specificity = 







Sensitivity 
and then ave 
specificity fo 


Results 


Interobserver variance in the scoring of seg 
mental thallium-201 activity: Figures 2 and 3 dem- 
onstrate the interobserver variance in the scoring of 
segmental thallium activity for the exercise and delayed 
images and for the change in grade between the exercise 
and delayed images, respectively. The variance value 
were significantly higher for all exercise image segment 
(p <0.01) than for corresponding delayed image se 
ments, except for the apical segment. Those for the 
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SEP 
LEFT VENTRICULAR SEGMENT 


FIGURE 2. interobserver variance in the scoring of left vent 
segmental thallium-201 (TL-201) activity for exercise and del: 
ages, expressed as 2 standard deviations (scoring system from 
Left ventricular segments are anterolateral (AL), apical (AP 
(INF), septal (SEP), apical-inferior (Al), and posterior (POST). í 
isons among segments are discussed in text. EE 
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AP Al POST 
LEFT VENTRICULAR SEGMENT 


IGURE 3. interobserver variance in the scoring of changes in left 

tricular segmental thallium-201 activity in exercise and delayed 
nages, expressed as 2 standard deviations (scoring system from 0 to 
). Left ventricular segments as in figure 2. Comparisons among 
3gments are discussed in text. 
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nterolateral and posterior segments in the exercise 
lage were significantly lower (p <0.05) than those for 
other exercise image segments. The variance for the 
erolateral segment in the delayed image was lower 
«0.01) and that for the apical segment higher (p 
0.01) than that for all other delayed image segments. 
ie variance values for a change in score between ex- 
cise and delayed images were lower for the antero- 
teral and posterior segments (p «0.01) than for all 
ther segments, and higher for the apical and apical- 
ferior segments (p «0.01) than for all other segments 
cept the inferior segment. 

‘Table II lists the set of criteria (interobserver variance 
alysis criteria) for the interpretation of thallium 
ores derived from the interobserver variance values 
Figures 2 and 3. For example, because the interob- 
rver variance for change in thallium activity from an 
ercise to a delayed image is 0.5 for the anterolateral 
zment (Fig. 3), the interobserver variance analysis 
teria require a difference in anterolateral exercise 
us delayed image score (A) to be at least 0.5 for 
'nificance at the 95 percent confidence level. In this 
anner, the criteria have been individualized for each 
tricular segment. The individual observers’ scores 





EM 

tion of Coronary Artery Disease With Thallium-201 
Test: Sensitivity and Specificity Using Four Methods 

pretation | | 












Sensitivity Specificity 
(%) 





ual observer 
tendard criteria (method 1) 77 75 
‘Interobserver variance analysis 86 78 
‘Criteria (method 2) 














ui p «0.05 

tiple observer : 

» Consensus* (method 3) 73 90 
Average criteria (method 4) 90) 90 


'"hree of four positive interpretations required for positive diag- 
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were then reinterpreted using the interobserver variance 
analysis criteria (method 2) instead of the standard 
criteria (method 1). For example, one patient had an 
exercise anterolateral segment grade of 1.5 and a de- 
layed anterolateral segment grade of 2.0. With use of the 
standard criteria, the anterolateral segment was inter- 
preted as normal because a change in score of at least 
1.0 was required for a transient defect. When these 
scores were reinterpreted using the interobserver vari- 
ance analysis criteria, the anterolateral segment was 
interpreted as abnormal demonstrating a transient 
defect, because the change in score was at least 0.5. 

Observer agreement in the overall interpretation 
of the thallium-201 stress test: Method 1 (individual | 
observer, standard criteria): When the four observers’ 
scores were individually interpreted using the standard 
criteria, the number of times that the observers agreed 
on the diagnosis regardless of the correct diagnosis was 
determined. There was complete observer agreement 
(four of four observers) in 29 (58 percent) of the 50 cases, 
partial observer agreement (three of four observers) in 
13 cases (26 percent) and complete observer disagree- 
ment (two of four observers) in 8 cases (16 percent). 

Method 2 (individual observer, interobserver variz 
ance analysis criteria): When the four observers’ scores 
were individually interpreted using the interobserver 
variance analysis criteria, there was complete observer 
agreement in 35 (70 percent) of the 50 cases, partial _ 
observer agreement in 11 (22 percent) and complete. 
observer disagreement in 4 (8 percent). The improved — 
observer agreement using the interobserver variance d 
analysis criteria compared with the standard criteria did 
not reach statistical significance (chi square = 2.06). - C 

Sensitivity and specificity of thallium-201 test for. 
coronary artery disease: Table III lists the sensitivity 
and specificity for coronary artery disease of the thal- 
lium stress test using the four different methods of in- 
terpretation. 

Method 1 (individual observer, standard criteria): 
For an individual observer using the standard criteria, 
the overall sensitivity was 77 percent and the overall 
specificity 75 percent for coronary artery disease. | 

Method 2 (individual observer—interobserver ž 
variance analysis criteria): When the interobserver 
variance analysis criteria listed in Table II were applied 
to the individual observers’ scores, the overall sensitivity 
increased to 86 percent (p <0.05 compared with method 
1). The overall specificity increased slightly to 78 per- 
cent (p = not significant compared with method 1). 

Method 3 (multiple observers by consensus): When 
four observers used the standard criteria and arrived at 
a single diagnosis by consensus (three of four positive 
scores required for a positive diagnosis) the sensitivity 
was 73 percent and specificity 90 percent. These values — 
were not statistically different from the values obtained 
with method 1. n 

Method 4 (multiple observers, average criteria): 
When the multiple observers' scores were averaged and 
the average scores interpreted with the average criteria, 
the sensitivity increased to 90 percent (p «0.05 com- 
pared with method 1). The specificity also increased to 
90 percent, although the difference from the value ob- 

















| atransient defect alone, 8 had a persistent defect alone 
< Aand 19 had both a transient and a persistent defect. Of 

























a transient defect, and none had either a persistent 


or both a transient and a persistent defect. 
br. | .. Discussion 

[m s Thallium myocardial perfusion imaging at rest has 
-been used most extensively for the evaluation of pa- 
. tients with acute myocardial infarction, 4-15 unstable 
< angina? and angina due to coronary arterial spasm.??. 
. Exercise thallium imaging has been used extensively for 
-othe diagnosis of coronary artery disease.-? The preci- 





-sion of thallium imaging in diagnosing cardiac disease 


-is dependent on interobserver variance in scoring and 
_. interpretation. 





_ Interobserver variance in the scoring of seg- 





.. mental thallium-201 activity: Our results demonstrate 
|. the interobserver variance in the scoring of segmental 
- myocardial thallium activity on exercise and delayed 
.. images. The values presented in Figures 2 and 3 repre- 
gent estimated interobserver variance expressed as 2 
_ standard deviations, which represent approximate 95 
D percent confidence levels for scoring thallium activity. 
Thus, the subjective grading of delayed image segmental 
thallium activity using a scoring system ranging from 
- Oto +2 is precise to within a grade of + 0.26 to + 0.74 
<- depending on the segment analyzed (Fig. 2). Subjective 
-scoring of exercise segmental thallium activity is precise 
.. to within a grade of + 0.56 to + 0.80 depending on the 
-. segment analyzed. The change in score between the 





exercise image and the delayed image is precise to. 


within a grade of + 0.50 to + 0.82 depending on the 
segment analyzed (Fig. 3). Changes of less than these 
-. magnitudes fall within the range of interobserver vari- 
.. ance and cannot be interpreted at the 95 percent con- 
-fidence level. The higher variance values for the apical 
. and apical-inferior segments are probably due to the 
... wide spectrum of normal for these segments, because 
these segments can normally have decreased activity 

- due to myocardial thinning. The overall lower variance 
values of the anterolateral and posterior segments 
compared with those of the inferior and septal segments 
- may be due to higher target to background ratios for the 
first two segments. The outer edges of the anterolateral 
and posterior segments border the lungs, which have 






















ferior and septal segments border the right ventricie, 
h has relatively high activity. | 










E + * 


lance values were significantly higher for all ex- 
ercise image segments (exept for the apical segment) 
.. than fo corresponding delayed image segments. One 
explanation for this finding may be that the majority 
of defects were present in the exercise images, because 
; iany of them disappeared by the time of the delayed 
- images. Thus, a greater proportion of the delayed im- 

ages were completely normal and easier to score. An- 
other explanation may be related to the increase in the 
background lung activity that occurs with exercise in 


some patients with coronary artery disease. This in- 
















d with method 1 was not statistically significant. | 
ie 40 patients with coronary artery disease, 9 had. 


the 10 patients without coronary artery disease, 1 had. 


" _ relatively low activity, whereas the outer edges of the. 
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creased lung activity essentially disappears by the 
of the delayed image. The decreased target to be 
ground ratio results in a reduction in image contras 
the exercise thallium image. | 





Observer agreement in the overall interpreta: 
of thallium-201 stress tests: Our results demonst 
considerable interobserver variance in the overal 
terpretation of the thallium stress test. When 

iteria and four observers were use d.t 
| agreement in 26 percent and comp 


















































disa 


interpreted twice by different observers. Lenaers et al 
using two observers, reported disagreement on th 
presence or absence of “hypoperfusion” in 7.5 percet 
of segments. Finally, Bailey et al.,° using two observer 
reported disagreement on the significance of a chang 
from exercise to rest in 14 percent of patients. |. : 


» 


Sensitivity and specificity of the thallium-201 
stress test for coronary artery disease: Our results 
demonstrate a sensitivity of 77 percent and a specificity 


of 75 percent for the thallium stress test in the detectio: 


of coronary artery disease when an individual observei 
uses the standard criteria (method 1). When an ind 
vidual observer uses separate criteria derived from : 
interobserver variance analysis for each of the ventri 
ular segments (method 2), the sensitivity increases 
86 percent (p «0.05) with no significant change 
specificity (78 percent). The increased sensitivity 
accompanied by an increase in observer agreement ani 
a decrease in observer disagreement. Thus, the use 
criteria derived from an interobserver variance analys 
allows for more sensitive interpretation of small chang 
in thallium activity scores without an attendant 
crease in specificity. | 2 UA 

When four observers used the standard criteria 
arrived at a single diagnosis by consensus (metho 
the sensitivity was 75 percent and specificity 90 per: 
Most previously reported studies have used the: 
sensus interpretation of two to four observers and. 
reported similar values for sensitivity (range 56 
percent) and specificity (range 88 to 97 percent) 
the present study, when the multiple observers' sc 
were averaged and the averaged scores interpre 
the average criteria (method 4), the sensitivity inc 
to 90 percent (p <0.05) and the specificity remain: 
90 percent. Thus, interpretation by multiple obse 


* 


increases the diagnostic accuracy of the thallium s 












test, possibly by averaging out isolated false diagn 
by individual observers. ^ 


Ld 


ons: There is considerable interobs 


the qualitative scoring of segmental th 
myocardial activity. This variance is particularly 
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scoring changes in activity and 
layed images for the apical a 





| nd apical-inferior seg- 
ants. Thus, changes in activity for these two segments 
ust be interpreted cautiously. The variance value is 
st for the anterolateral and posterior segments. 
nges in activity for these two segments can be in- 





preted with greaterconfidence. — 

When only one observer is available, diagnostic ac- 
cy is improved by the use of criteria for interpre- 
m based on an interobserver variance analysis. 
ien feasible, thallium stress tests should be inter- 
ted by multiple observers because errors due to ob- 
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server variance can be reduced and, thus, diagnostic 
accuracy improved. Averaging of the multiple observer 
scores and interpretation of the averaged scores using 
the average criteria appears to be more useful than in- 
terpretation by simple consensus. 
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i O95 hemodynairiic effects of vario 
not been fully explored. To inv in c irdiac functi 
associated with various atrioventricular (A-V) y sonore ng intervals du 
cardiac pacing, simultaneous M mode and two dimensional echocar ` 
: | graphic and hemodynamic studies were performed i in 23 dogs. . 
A LASS AY. | One to one A-V and ventriculoatrial (V-A) sequential pacing at cy 
: “JOEL MORGANROTH, prt FACC lengths of 400 and 300 ms revealed a stepwise reduction i in left ventricul: 
... Philadelphia, Pennsylvania /' " pressure and cardiac output. as the A-V interval was changed from +100 
uc T. | to —100 ms. These reductions in cardiac hemodynamics were associate 
with decreases in left ventricular and increases in left atrial dimensiot 
determined with echocardiography. Mitral valve excursion and the di 
ration of valve opening remained constant over the entire range of À 
intervals. There was angiographic evidence of retrograde blood flow from 
the left atrium into the pulmonary venous system at an A-V interval of -5 
and —100 ms, but no evidence of mitral regurgitation. T 
Thus, correlative echocardiographic and hemodynamic studies ci 
suggest multiple pathophysiologic mechanisms contributing to the d 
rements in cardiac function observed during tachyarrhythmias with inta 
A-V conduction as well as those occurring conséquent to AN not la 


Wenckebach cycles. 


























































Echocardiography has revealed abnormal and occasionally characteris 
satterns in association with a variety of e 










ventricular wall motion p 
trocardiographic abnormalities. These electrocardiographic chat 
include the alterations in conduction associated with left bundle b 
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and in the hemodynamic consequences of various cardiac Į 
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* p <0.05 (compared with value at an A-V inter 0 ms). 
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ethods.'? Thus, the present studies were designed 
ecifically to determine the echocardiographic corre- 
tes of changes in cardiac performance secondary to 
hanges in atrioventricular (A-V) conduction pat- 
erns. 

2 Methods 


Experimental! preparation: Twenty-three mongrel dogs 
'eighing 13 to 20 kg were anesthetized with intravenous ad- 
inistration of 20 to 30 mg/kg of sodium pentobarbital 
Nembutal®) and intubated. Ventilation was maintained by 
Harvard respirator with use of room air. The chest was 
























pened using a mid line incision and the pericardium was left 


TM 


ntact. Left ventricular and aortic pressures were measured 
sing a 7F Millar dual Mikro-Tip catheter pressure transducer 
(PC 771) inserted through the right femoral artery. Left atrial 
pressures were obtained using a 5F Millar Mikro-Tip catheter 
pressure transducer (PC 350) introduced through a pulmonary 
vein. Cardiac output measurements were made utilizing a 
Swan-Ganz thermodilution catheter and an Edwards 9510A 
cardiac output computer. 

With use of 23 gauge needles, Teflon®-coated stainless steel 
nipolar plunge wire electrodes (0.1 mm diameter) were 
placed in the left atrial appendage and the myocardium of the 
ft ventricular apex to pace the heart. The pacing stimuli were 
ms in duration. Both atrial and ventricular pacing were 
plied using constant current pulses of twice diastolic 
eshhold. In addition, Teflon-coated, thin silver wire bipolar 
unge electrodes were placed in the left atrial appendage and 
left ventricular free wall in order to record the electro- 
ns from each of these sites. 











CL*400ms 













-A—V 100 ms 


B = V——A 100 ms 


RE 1. Left panels, changes in left ventricular (LVd) and left atrial dimensions (LAd) at end-diastole in centimeters are shown as the atrioventricular 


/) pacing interval is changed from +100 ms (A) to — 100 ms (B) at a cycle length (CL) of 400 ms. Note the reduction in left ventricular and increase 
sft atrial dimensions. Right panels, the same findings shown at a cycle length of 300 ms. V-A = ventriculoatrial. 
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on Cardiac Hemodynamics in 15 Dogs 
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Qe delen eO output (liters /min); LAP = left atrial pressure (mm Hg); LVP = left ventricular systolic pressure (mm 


Echocardiography: M mode echocardiographic studi@s 
were obtained using a Smith-Kline Ekoline 20 interfaced with 
an Irex 101 Continutrace recorder. A 2.25 megahertz trans- 
ducer was placed on a rigid bar that was attached to both sides 


. of the surgical table. The methods of recording echocardio- 
grams from the various cardiac structures were similar to those 


described by Kerber et al.!6 In four animals, two dimensional 


. echocardiographic recordings were also obtained using a wide 


angle (90?) mechanical sector scan (Advanced Technology 
Laboratories, Mark III). The transducer was attached to the 
same bar assembly used for the M mode echocardiographic: 
transducer. n 
In seven animals, an 8F catheter with multiple side holes 
at its tip was introduced into the left side of the heart through 
the left atrial appendage or retrograde through the femoral 
artery in order to obtain left atrial or left ventricular cinean- . 
giograms, or both, using hand injections of 5 ml of Renograf- 
in®. Contrast echocardiograms were obtained by bolus injec- 
tion of saline solution directly into the left ventricle in order 
to determine the degree of mitral valve regurgitation. 
Echocardiographic recordings of the left atrium, left 
ventricle, mitral and aortie valve opening were. obtained 
during ventricular pacing at cycle lengths of 400-and 300 ms 
at multiple atrioventricular (A-V) intervals (+100, +50, 0, —50 
and —100 ms). The echocardiographic correlate of A-V nodal 
Wenckebach periodicity was also evaluated in seven dogs 
during rapid atrial pacing at cycle lengths varying from 320 
to 200 ms, Three dogs with stable, surgically induced A-V 
nodal heart block were studied during sequential pacing of the 
atria and ventricle at cycle lengths of 400 and 300 ms. The 
studies were repeated after the induction of atrial fibrillation 


C L*300 ms © CLis300ms 
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-. electrocardiographic lead, left atrial, left ventricular and aortic 
"pressures and the M mode echocardiograms were recorded 
< simultaneously on an Irex 101 Continutrace recorder. Si- 
- multaneous electrocardiographic and pressure recordings were 


also obtained on a Hewlett-Packard eight channel photo- ` 


- graphic recorder (model 4578A). 





terobserver differences were within +0.1 cm 


Results 


. 1:1 Atrioventricular and Ventriculoatrial Pacing 
© The effects of different atrioventricular (A-V) intervals on 
cardiac hemodynamics during A-V sequential cardiac pacing 


at cycle lengths of 400 and 300 ms in 15 dogs are shown in 
-Table L At both pacing cycle lengths there was a stepwise 


.. reduction in left ventricular pressure and cardiac output as- 


e the A- V interval was changed from +100 to +50, 0, —50 and 
— ~100 ms. These alterations in cardiac hemodynamics were 


'. associated with decreases in left ventricular and increases in. . 


-left atrial dimensions determined with M mode echocardi- 
D ography (Fig. 1). Figure 2 illustrates the echocardiographic 


(A) A-V= 100ms 


is F URE : 2. Representative study showing a marked de- 
c Mond in left ventricular (LV) cavity size with a con- 

it increase in left atrial (LA) dimension during 
abnorm: atrioventricular (A-V) sequencing. Top panel 
shows the effects of an A-V interval of 100 ms at a cycle 
To length (CL). of 400 ms in (A) and the effects of an A-V in- 
~ terval of — 100 ms (V-A) in (B). Note the decrease in left 
3 ventricular (LV) dimension from 3.9 cm (A) to 3.0 cm (B) 
.- .and an increase in left atrial (LA) dimension from 2.3 cm 
(A) to 2.5 cm (B). Also note the elevated left atrial pres- 
sure (LAP) during the left ventricular ejection period. A 

= atrial pacing spike; AO = aortic root; EKG = electro- 
cardiogram; IVS = interventricular septum; LVP = left 
ventricular pressure; LVPW = left ventricular posterior 










|, wall; V = ventricular pacing spike. 








jd ventricular pacing at these same cycle lengths. One scalar. ! 


. < Left ventricular and atrial dimensions were measured at. 
g maximal diameter. At least 10 beats were used in each record 
and all measurements were confirmed by two observers. In- 
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alterations occ urring c during pacing at a | constant cycle len 
of 400 ms when the A-V interval was changed from +100 
(A) to ~100 ms (B) (that is, ventriculoatrial ( V-A) interva 
100 ms). In this representative case, left atrial dimension 
creased from 2.3 to 2.5 cm with a concomitant decrease in 
ventricular diastolic diameter from 3.9 to 3.0 cm. At an ; 
interval of — 100 ms left atrial contraction occurred during 
latter portion of the ventricular ejection period at a time w 
the A-V valves were still closed (Fig. 2B). At the shorter cy 
length of 30€ there was a similar increase in left atr 
pressure and dimension-and a decrease in left ventricula 
pressure and ension as the A-V interval was decrea 
from +100- 100 ms (Table I, Fig. 1). 

. Several other notable observations. were made during t 
studies. Mitral valve excursion and the duration of va 
opening remained constant over. the entire range of A-V- 
tervals studied : and were independent of alterations in cardia 
hemodynamics and chamber size (Fig. 3). Left atrial angiog 
raphy was performed during each of these A- V sequencin 
intervals. Consistently, at A-V. intervals of —50 and —100 m 
there was angiographic evidence of retrograde flow from. th 
left atrium into the pulmonary venous system (Fig. 4) (th 

is, pulmonary venous regurgitation). Remarkably, there wa 
no evidence of mitral regurgitation on left ventricular an 
ography or contrast echocardiography at any A-V inter 














(B) V-A = 100 ms 


CL — 400ms 























uring 1:1 A-V or V-A pacing at cycle lengths of 400 or 300 ms 
Fig. 5, A and B). In addition, in three animals with surgically 
nduced A-V heart block atrial fibrillation was induced by high 
requency atrial pacing. Notably, in the presence of atrial fi- 
rillation and A-V block there was also no evidence of mitral 
regurgitation during ventricular pacing at a fixed cycle length 
of 400 or 300 ms (Fig. 5C). mE 


Rapid Atrial Pacing 


< Rapid atrial pacing at cycle lengths of less than 280 ms with 
EI A-V sequencing usually resulted in both electrical and 
mechanical left ventricular alternans. In Figure 6 the me- 
chanical systole after mitral valve opening and left ventricular 
filling was forceful and prolonged and resulted in aortic valve 

opening with a normal ejection period. This prolonged systole 
| encroached on the next atrial contraction (arrow), resulting 





. CL=400msec A-V=100ms 
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inan abortive attempt to open the mitral valve (asterisk). The 
next ventricular systole failed to open the aortic valve. How- 
ever, this shorter systolic period engendered a more favorable 
A-V sequence that again enabled the mitral valve to open and 
facilitated left ventricular filling. 

Rapid atrial pacing resulted in a Wenckebach pattern of 
A-V conduction (Fig. 7). During the prolonged pause that 
preceded the first conducted beat of each sequence, the lack 
of ventricular systole permitted an extended period of mitral 
valve opening and left ventricular filling. The next atrial 
contraction (single arrow) reopened the mitral valve and, 
further, actively filled the ventricle. All of these factors con- 
tributed to the subsequent enhanced and prolonged systole 
(360 ms) of the first conducted beat after the pause. The he- 
modynamic conditions preceding the second ventricular 
systole in the sequence (2) were much less favorable. The next 


A- V= SOms | 
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et (AML) during various atrioventricular (A-V) and ventriculoatrial 
ure Curves. The duration of mitral valve opening and the amplitude 


§ between two transverse arrows (*— >) indicate the duration of diastolic opening of the 
rior mitral leaflet in milliseconds and those under a single vertical arrow (1) show the excur 


left ventricular (LVP) and aortic {AoP) pressures as the A-V interval was changed from +100 to — 100 ms. A 
cardiogram; LAP = left atrial pressure; V = ventricular pacing spike. 


sion of this leaflet in millimeters. Note the decrease 
= atrial pacing spike: EKG = elec- 
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CONTROL A—V :iOOms 


FIGURE 4. Left atrial angiograms. Left panel (CONTROL) 
by way of the pulmonary vein. Right panel demonstrates marked regurgitation 
pulmonary vein (PV) during a ventriculoatrial (V-A) pacing interval of 100 ms at a cycle lengt 
an atrioventricular (A-V) interval of 100 ms at a cycle length of 400 ms (middle panel). 
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FIGURE 5. Still frames of a two dimensional echocardiographic left ventricular long axis view of a dog's heart. The control state (CONT .) is sho 
in the upper row (A, B, C) and systolic frames during saline injection (INJ) in the lower row (A', B', C^). White arrow in A indicates the anterior mitr 
leaflet. Changing the pacing sequence from an atrioventricular {A-V} interval of 100 ms (A, A’) toa ventriculoatrial (V-A) interval of 100 ms (B, B 
does not result in mitral regurgitation (that is, there are no saline microbubbles present in the left atrium in systole). Similarly, there is no eviden 
of mitral regurgitation in the presence of atrial fibrillation (A Fjand A-V block with a constant ventricular rate (C and C'). LA = left atrium; LV 
left ventricle; msec = milliseconds; pw = left ventricular posterior wall; RA = right atrium; RV = right ventricle; vs = interventricular septum 
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«v atrial contraction (double arrows) could not contribute to left 
ventricular filling because it occurred during ventricular 
-. systole. In addition, passive left ventricular filling as evidenced 
(e by mitral valve opening was shortened by encroachment of 
(the next ventricular systole on the previous one, as dictated 
— by the progressive shortening of the R-R intervals during 
« typical Wenckebach sequences. The combination of these 
hemodynamic events resulted in a less powerful ventricular 
-. systole that failed to open the aortic valve. 
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FIGURE 6. Rapid atrial pacing ata 
cycle length (CL) of 280 ms in this 
representative study shows the in- 
duction of left ventricular mechan- 
ical and electrical alternans. Pres- 
sure relations among the aorta 
(AoP), left ventricle (LVP) and left 
atrium (LAP) are shown in the upper 
panel and the echogram of the an- 
terior mitral leaflet (AML) is shown 
in the lower panel. Note that the 
encroachment .of the prolonged 
mechanical systole after the ante- 
rior mitral leaflet opening on the 
next atrial contraction (black arrow 
on the left atrial pressure Curve) 
resulted in an abortive opening of 
the anterior mitral leaflet (circled 
asterisk). A = atrial pacing spike; 
EKG = electrocardiogram; P = p 
wave; R = QRS complex. 


The hemodynamic conditions became even more complex 
when rapid atrial pacing caused a combination of a 3:2 
Wenckebach periodicity and an absolute 2-1 left ventricular 
and atrial alternans (Fig. 8). Because only every other elec: 
trical systole (Ry, R4, R+) resulted in a mechanical response, 
the passive mitral valve opening time was unusually pro- 
longed. Atrial contraction after Ag enhanced opening of the 
mitral valve (asterisk). Of note, because of the superimposed =: 
atrial alternans, effective atrial contractions occurred only 


FIGURE 7. Rapid atrial pacing at a 
Cycle length (CL) of 320 ms in a 
representative dog resulted in 3:2 
Wenckebach periodicity. The ladder 
diagram depicts the conduction 
pattern. Note that the prolonged 
period of the mitral valve opening 
(single arrow on the echogram of 
the anterior mitral leaflet [AML]) 
after a dropped beat results in a 
forceful and prolonged (360 ms) 
mechanical systole (1), and that the - 
passive left ventricular filling of this 
cycle is shortened because of the 
encroachment of the next ventric- 
ular systole (2) on the previous one 
(1). Also note that the atrial con- 
traction varies depending on 
whether it occurs during the ven- 
tricular ejection period (single and 
double arrows on the left atrial 
pressure [LAP] tracer). A = atrial 
pacing spike; AoP = aortic pres- 
sure; EKG = electrocardiogram; 
LAP = left atrial pressure; P = P 
wave; PML = posterior mitral leaf- 
let; R = QRS complex. 
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: _ valve consistently. 
Discussion 


-`o Alterations in cardiac function associated with vari-: 


-ous cardiac arrhythmias have previously been studied 


- but have routinely been limited to measurements of 
traditional hemodynamic variables.!?" Using con- 


ventional methods, several investigators!^!?^!? have 
- suggested that the hemodynamic consequences of var- 
ibus changes in the sequence of A-V activation and in 
the degree of irregularity of successive cardiac cycles 

- may also result from secondary vasomotor and neuro- 
.. humoral mechanisms. It has long been recognized!? that 
_ the so-called atrial booster pump action present during 
. normal A-V sequencing results in an increase In ven- 
. tricular volume at end-diastole so that an approximately 
10 to 20 percent larger cardiac output occurs than in the 
-. presence of A-V block. Furthermore, P wave synchro- 

nous pacing in complete A-V heart block results in a 
- cardiac output approximately 10 to 15 percent greater 
than that with ventricular pacing at the same ventric- 
ular rates.?? 

Hemodynamic and chamber size alterations 
during A-V and V-A pacing: In a previous study,?! we 
demonstrated that M mode echocardiography was 
. usefulin identifying the changes in cardiac function that 

' occur in the presence of various patterns of A-V and V-A 






E CL=220msec 
Wo SS Rs. JR. acc — — — —————— 
: ge IHE : 


-FIGURE 8. Wenckebach periodicity (3:2) with left ventricular and atrial alternans observ 
. ms. The ladder diagram relates atrial pacing stimuli (A) to atrial activation (P) and ventric 
left atrial (LAP) pressures show complex patterns of left atrial and left ventricular alternas 


eer each effective second ventricular systole (asterisk). Note ` 
e absence of the expected increase in atrial pressure (double : 
. arrows) during the ventricular ejection period and the closed - 
. mitral valve caused by the atrial alternans. Thus, although 
. atrial contractions occurred at the same position in diastole 
during different cycles (arrow) they failed to open the mitral 





conduction. In this study, changes in cardiac hemody 

namics and cardiac chamber sizes were evaluated b; 

scanning the A-V interval from +100 to —100 ms in th 

presence of A-V and V-A sequential pacing. We ob 

served progressive decreases in systolic blood pressure 

cardiac output and left ventricular size concomitant. 
with increases in left atrial size. As atrial systole moved 
into the period of mechanical ventricular systole, the. 
contraction of the left atrium against the closed mitral 
valve resulted in marked regurgitation of blood into the 
pulmonary venous system (Fig. 4). Hence, it would ap- 
pear that, in addition to the direct loss of the atrial 
contribution to ventricular filling, there was also a sec- 
ondary and significant loss resulting from retrograde 

propulsion of blood during V-A conduction. Thus, even 
"stable" sustained ventricular rhythms with intact V-A 
conduction can result in serious hemodynamic conse- 
quences. In contrast, ventricular pacing or tachycardia 
in the presence of A-V block appeared hemodynami- 
cally relatively less deleterious because there was only 
a random rather than regular and inadvertent associa- 
tion of atrial and ventricular systole. Similarly, the . 
occurrence of atrial fibrillation in association with rapid — 
ventricular rhythms was also apparently less deleterious : 
hemodynamically than the presence of intact 1:1 rapid ^ 
retrograde V-A conduction.!? 2b 

Mitral valve function: Remarkably, the alterations 

in cardiac hemodynamics and changes in chamber di- 
mensions during rapid 1:1 A-V pacing at various se- 
quencing intervals were not reflected in the echocar- _ 
diographic features of mitral valve function (Fig. 3). uc 
However, the variations in ventricular cycle lengths that 








ina representative dog at a cycle length (CL) of. 
activation (R). Aortic (AoP), left ventricular (LVF 
. Note the difference between the high (asterisk 


tow (arrows) left atrial pressures. AML = anterior mitral leaflet: EKG = electrocardiogram; PML = posterior mitral leaflet. 





October 1980 The American Journal of CARDIOLOGY Volume 46 E 








* occurred in association with progressive P-R interval 
= prolongation during A-V nodal Wenckebach periods did 
affect mitral valve motion, and often obliterated the 
usual presystolic reversal of the A-V pressure gradient 
that normally places the A-V valve leaflets in a position 
to close early at the onset of ventricular systole. Hence, 
A-V valve regurgitation was observed during rapid atrial 
pacing causing Wenckebach periodicity and irregular 
R-R intervals (Fig. 9). Mitral regurgitation was never 
observed during sustained periods of V-A activation 
with constant P-R or R-P intervals as long as the R-R 
intervals remained constant (Fig. 5, A and B).22 This 
was true even in the presence of atrial fibrillation in the 
dogs with heart block when the R-R intervals were kept 
constant (Fig. 5C). 
.  KEchocardiographic changes during Wenckebach 
conduction: D'Cruz et al.? observed that during 3:2 
= A-V Wenckebach conduction patterns, ventricular 
< beats exhibited alternating long and short periods of 
- systolic opening of the pulmonary and aortic valves and 
. alternately large and small left ventricular stroke vol- 
umes. Left ventricular stroke volume in these cases 
|. appeared to be directly proportional to the preceding 
. end-diastolic volume. Other investigators24 observed 
alternating failure of mechanical responses to electrical 





FIGURE 9. Atrioventricular regurgitation during rapid atrial pacing. A, left ventricular 
resentative dog heart during rapid atrial pacing causing Wenckebach peri 
‘mitral leaflet is marked by a white arrow. B, a still frame during systole of 
of contrast medium into the left atrium is indicated by the black arrows. 
.of the stop-frame echocardiogram. The lower part of the figure shows 


depolarizations during A-V Wenckebach periods in 
addition to those ventricular contractions lost secondary 
to periodic A-V block, but the precise mechanism of this 
phenomenon has eluded clear definition. The echo- 
cardiographic observations made in our study have re- 
vealed an important mechanism contributing to the 
compromised hemodynamics during typical A-V 
Wenckebach periods in which R-R intervals shorten 
successively. At critical P-R and R-R intervals there is 
increasing encroachment of a subsequent atrial systole 
into the left ventricular ejection period of the previous 
systole. This successively shortens the duration of the 
opening of the mitral valve, abolishes active atrial 
transport and thereby reduces left ventricular filling. 
Other Wenckebach patterns might further compromist 
cardiac hemodynamics. However, the longer pause that 
follows the dropped beat does enable adequate mitral 
valve opening and left ventricular filling and thereby 
facilitates an effective subsequent beat (Fig. 7). 
Clinical implications: As shown in the present 
study, echocardiography can provide considerable in- 
sight into the mechanisms responsible for the marked 
hemodynamic derangements that result from various 
patterns of A-V conduction. Such deleterious hemo- 
dynamic consequences could not be anticipated from 





long axis two dimensional echocardiographic view of a rep- 


odicity. Ao = aorta; LA = left atrium; LV = left ventricle. The anterior 
the same dog during saline injection into the left ventricle. Regurgitation 
The arrow to the right of the electrocardiogram indicates the precise timing 
the electrocardiogram and corresponding ladder diagram (A = atrial: A-V 


= atrioventricular; V = ventricular conduction). At top of figure, A = anterior; | = inferior: P = posterior; S = superior. 
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ilyses limited to the electrocardiogram. Echocardi- — 
aphy can be especially useful in understanding the | 
ts of complex abnormalities such as those resulting — 
m the superimposition of mechanical (for example, : 
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'thmias. In addition, these studies provide further 
rimental evidence emphasizing the potential clin- 
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DESCRIPTION P ae oe 
Siow-K i$ a sugar-coated (not enteric-coated) tablet containing 600 mg potas- 


x . Sum chonde (equivalent to 8 mEq) in a wax matrix This formulation is in- 


tended to provide a controlled release of potassium from the matrix to 
minimize the likelihood of producing high localized concentrations of potas- 
Sum wittun the gastrointestinal tract 


INDICATIONS 

BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
AND BLEEDING WITH SLOW- RELEASE POTASSIUM CHLORIDE PREP- 
ARATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- 
FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 

t For therapeutic use in patients with hypokalemia with or without metabolic 
aikalosis; in digitalis intoxication and in patients with hypokaiemic familial 
penodic paralysis. 

2. For prevention of potassium depletion when the dietary intake of potassium 
i$ inadequate in the following conditions: Patients raceiving digitalis and 
diuretics for congestive heart failure; hepatic cirrhosis with ascites. states al 
aldosterone excess with normal renal function potassium-osing nephropathy, 
and certain diarrheal states. 

3 The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a nor 
mai dietary pattern. Serum potassium should be checked periodically. how- 
ever, and, if hypokalemia occurs. dietary Suppiementation with potassium- 
containing foods may be adequate to control mider cases. in mofe severo 
cases supplementation with potassium salts may De indicated. 
CONTRAINDICATIONS 

in patients with hyperkalerma, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia may 
complicate any of the fofiowing conditions. chrome renal failure, systemic 
acidosis such as diabetic acidosis, acute dehydration. extensive tissue 
Dreakdown as in severe burns, adrenal insufficiency. or the administration of a 
potassium-sparnng diuretic (eg. spironolactone. tramterene) 

Wax-matrix potassium chonde preparations have produced esophageal ut 
ceration in certain cardiac pahents with esophageal compression due to 
eniarged lett atrium 

All solid dosage forms of potassium Supplements are contraindicated in any 
patient in whom there is cause for arrest or deiay in tablet passage through the 
G.F tract. in these instances, potassium supplementation should be with a 
liquid preparation 

WARNINGS 

Hyperkalemia: in patients with impaired mechanisms for excreting potassium, 
administration of potassium salls can produce hyperkalemia and cardiac 
arrest. This occurs most commonty in patients given potassium intravenously 
but may also occur when given Orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic Use of potassium salts in patients with 
chronic renal disease. or any other condition which impairs potassium excre- 
tion, requires particularly careful monitonng of the serum potassium concen- 
tration and appropriate dosage adjustment 

Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a potassium- 
spanng diuretic (eg, spironolactone or iniamterene) since the simultaneous 
administration of these agents can produce severe hyperkalemia 
Gastrointestinal lesions: Potassium chloride lablets have produced stenotic 
andor ulcerative lesions of the small bowel and deaths These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowel wall and thereby produces 
obstruction, hemorrhage. or perforation Slow-K is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride and thus to 
minimize the possibility of a high local concentration of potassiumion near the 
bowel wall While the reported frequency of small-bowel lesions is much lesg 
wih wax-matrix tablets (less than one per 100,000 patient-years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 pahent-years} 
cases associated with wax-matnx tablets have been reported both in foreign 
countnes and in the United States [n addition. perhaps because the wax- 
Matix preparations are not enteric-coated and release polassium in the 
stomach, there have been reports of upper gastrointestinal bleeding as- 
sociated with these products. The total number of gastrointestinal lesions 
temains lass than one per 100,000 patient-years Slow-K should be discontin- 
ued immediately and the possibility of bowel obstruction or perforation con- 
sidered if severe vomiting, abdominal pain, distention. or gastrointestinal 
<o Bleeding occurs 

= Metabolic acidosis: Hypokaiema in patients with metabolic acidosis should 
.. Pe treated with an aikalinzing potassium salt such as potassium thearbonate, 
J^ potassium citrate, or potassium acetate. 

-n PRECAUTIONS 


“> Potassium depletion :s ordinarily diagnosed by demonstrating hypokalemia in 


à patient with a clinical history Suggesting some cause for potassium depie- 
io cton In interpreting the serum potassium level. the physician should bear in 
. mind that acute alkalosis per se can produce hypokalemia in the absence of a 


“deficit in total body potassium, while acute acidosis per se can increase the 


p gerum potassium Concentration into the normal range even inthe presence of 
&reduced total body potassium. Treatment of potassium depletion, particu- 
ary in presence of cardiac disease. renal disease, or acidosis, fequires 
retur attention to acid-base balance and appropnate monitoring of serum 
tectrolytes, electrocardiogram. and clinical status of patient. 
. ADVERSE REACTIONS 
; Most common to oral potassium salts: nausea. vomiting, abdorninal discon- 
ort, and diarrhea. These symptoms are due to irritation of the gastrointestinal 
act and are best managed by diluting the preparation further. taking the dose 
swith meals, or reducing the dose. 
One of the most severe adverse effects is hyperkalemia (see Contraindica- 
ions and Warnings) There also have been reports of upper and lower 
gastrointestinal conditions including obstruction, bieeding, ulceration and 
eríforation (see Contraindications and Warnings); other factors known to be 
associated with such conditions were present in many of these patients 
Skin rash has been reported rarely, 
$ DOSAGE l 
* Usual dietary intake of potassium by the average adult is 40 to BO mE q per day. 
., Potassium depletion sufficient to cause hypokalemia usually requires loss of 
200 or more mEq of potassium from the total body store 
Dosage must be adjusted to the individua! needs of each patient but is 
_ typically in the range of 20 mEq per day for prevention of hypokalemia to 
40-100 mEq per day or more for treatment of potassium depletion. 
Note: Siow-K slow-release tablets must be swallowed whole and never 
crushed or chewed. 


. 667112 C78-23 (4/78) 
. Consult complete product literature before prescribing. 
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Indications and Usage: Symptomatic relief of anxiety, tension. agitation, irritability and 


insomnia associated with anxiety neuroses and transient Situational disturbances; anxiety 
associated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
toms are a significant feature of functionat or organic disorders, particularly gastrointestinal or 
cardiovascular 

Effectiveness in long-term use, ie., more than 4 months, has not been assessed by system- 
atic Clinical studies. Reassess periodically usefulness of the drug for the individual patient. 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs. warn patients on lorazepam not to operate machinery or motor vehicles, and of 
diminished tolerance for alcohol and other CNS depressants. 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
turates and alcohol have occurred. following abrupt discontinuance of benzodiazepines 
(including convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
tion-prone individuals, e.g drug addicts and alcoholics, should be under careful surveillance 
when on benzodiazepines because of their predisposition to habituation and dependence. 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 

Precautions: in depression accompanying anxiety. consider possibitity for suicide. 

For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
5edation. 

Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
Symptoms like those being treated: anxiety, agitation. irritability, tension, insomnia and occa- 
sional convulsions. 

Observe usual precautions with impaired renal or hepatic function. e 

Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
nent. 

Esophagea! dilation occurred in rats treated with lorazepam for more than 1 year at 
&mg.kg day. No effect dose was 1.25mg ’kg/day (approximately 6 times the maximum human 
therapeutic dose of 10mg/day). Effect was reversible only when treatment was withdrawn within 
2 months of first observation. Clinical significance is unknown, but use of lorazepam for pro- 
longed periods and in geriatric patients requires caution and frequent monitoring for symptoms 
of upper G I. disease. 

Safety and effectiveness in children under 12 years have not been established. 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have hac 
elevations of LOH. As with other benzodiazepines, periodic blood counts and liver tunction tests 
are recommended during long-term therapy. 


CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant | 
effects when administered with such medications as barbiturates or alcohot. 


CARCINOGENESIS AND MUTAGENESIS. No evidence of carcinogenic potential emerged in 
rats during an 18-month study, No studies regarding mutagenesis have been performed. 


PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 
Occasional anomalies (reduction of tarsals, tibia, metatarsals, maírotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in the concurrent control group, they 
have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses Clinical significance of these findings is not known. However, increased risk of congeni- 
tai malformations associated with use of minor tranquilizers (chiordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies. 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
should almost always be avoided. Possibility that a woman of child-bearing potential may be 
Pregnant at institution of therapy should be considered. Advise patients if they become preg- 
nant to communicate with their physician about desirability of discontinuing the drug. 

in humans. blood levels trom umbilical cord blood indicate placental transfer of lorazepam 
and its glucuronide. 
NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 
benzodiazepines. As a general rule. nursing should not be undertaken while on a drug since 
many drugs are excreted in milk 


Adverse Reactions, i! they occur, are usually observed at beginning of therapy and generally 
disappear on continued medication or on decreasing dose. in a sample of about 3,500 anxious 
patients. most frequent adverse reaction is sedation (15.9%), followed by dizziness (6.9%), 
weakness (4 295) and unsteadiness (3.4%). Less frequent are disorientation, depression, nau- 
sea. change in appetite. headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance. various gastrointestinal symptoms and autonomic manifestations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 

Overdosage: i^ management of overdosage with any drug. bear in mind that multiple agents 
may have been taken. Manifestations of overdosage include somnolence, contusion and coma. 
induce vomiting and/or undertake gastric lavage followed by general supportive care. monitor- 
ing of vital signs and close observation. Hypotension, though unlikely, usually may be controfied 
with Levarterenoi Bitartrate Injection U S.P Usefuiness of dialysis has not been determined. 
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Dosage: Individualize for maximum beneficial effects. Increase dose 
gradually when needed, giving higher evening dose before increasing 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 
may vary from 1 to 10mg/day in divided doses. For elderly or debili- 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
tional stress, 2-4mg h.s. 


How Supplied: 0.5, 1.0 and 2.0mg tablets. 


Wyeth Laboratories 


| l te PA 19101 
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The anxious heart. since anxiety so often 


accompanies cardiovascular disease, you may wish to institute 
adjunctive therapy to help bring this complicating ‘actor under control. 

Seven benzodiazepines are now at your disposal. All of them are 
anxiolytics. One of them—Ativan (lorazepam)—has been specifically 
evaluated in seven double-blind, controlled studies involving 423 patients 
(211 on Ativan) and found significantly effective in the relief of 
anxiety associated with organic and functional cardiovascular disorders. 
The cardiovascular component has not, of course, been shown to be 
significantly benefited by such therapy. 

In addition to this outstanding record of clinica! usefulness, Ativan offers 
you a unique pharmacokinetic profile. Unlike older benzodiazepines, 
it does not generate multiple active metabolites; steady-state serum levels 
are rapidly achieved and disappear rapidly once you decide to 
discontinue therapy. (The pharmacokinetic profile of a drug can define 
such characteristics as absorption, distribution, metabolism and 
elimination but cannot, at present, be directly related to its therapeutic 
effectiveness.) 

Compatible with cardiotonics, antihypertensives, diuretics, 
anticoagulants and nonnarcotic 
analgesics"*...usually well 
tolerated...simple to use on a 
b.i.d. schedule...a preferred 
prescription to control anxiety in 
cardiovascular disease. 





*No evidence of any clinically significant interaction 
between Ativan and any other medication given 
concomitantly was observed in clinical studies. 

All benzodiazepines, However, including Ativan, 
produce added CNS depressant effects when 
administered with alcohol and other CNS 
depressants. 





See important information on preceding page. 


Ativan. 
for lorazepam 
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Dramatically reduced false alarms More meaningful patient information 
We start with template matching—the preferred Other computerized arrhythmia detection sysi 
method—to discriminate between the patient's may accurately detect and record ectopic acti 
dominant beat and ectopics. But only Arrhythmia Il But we just start there. Only Arrhythmia II allo 
adds two unique features to screen out artifact. you to select those ectopics that are particula 
ensuring that only qualified ectopic activity important for a patient and to include only tho 
triggers alarms or is included in trends: (1) each ectopics in trends. You can quickly recall class 
abnormal beat must appear four times before it’s of ectopics and their frequency over 24 hours 
accepted as a "true" ectopic class, and (2) our And, on the Editor, you can trend a specific cl 
_Over-range circuitry suspends ECG processing or combination of classes for 1, 2, 8 or 24 hou 
for a minimum of five seconds when it detects without having to edit out each occurrence of 
excessive noise. unwanted information. 
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See effects of treatment on one screen A computer for each patient 

nly Arrhythmia II lets you trend medications, Hospitals using minicomputer systems have 

ectopics and vital signs on one display, in a concise experienced the loss of critical data on all 

and easy-to-interpret format. And it provides patients connected to the system when the 

24-hour recall so the precise information on computer malfunctions. But that cant happen 

ectopics, vital signs and medications is available with Arrhythmia Il, because each patient 

for any specific time has his own computer. And any malfunction 
only affects that one patient. The micropro- 
cessor-based cardule can then be replaced 
in minutes and easily repaired by simply 
inserting a new circuit board. 


We designed Arrhythmia II to solve clinical problems 
that other arrhythmia systems have not even 
tried to solve. We feel it represents our care and 
concern in applying technology to the clinical 
setting —an approach that has made Spacelabs the 
fastest growing company in patient monitoring today. 


But you don t have to take our word for it. Call us 
today (213-882-9560, collect) to arrange for an 
evaluation in your hospital. Then we think you'll agree 
with the growing number of your colleagues who 
believe that Arrhythmia II is the best 


system available. S i | 


New Dimensions in Monitoring 
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dvantage: 


It's for all kinds of hypertensives 


e Unlike beta blockers, Catapres" has no contraindications. 
e Catapres can be useful even in these patients with: 


Congestive heart failure Allergic rhinitis 

Ventricular hypertrophy ` Hepatic disease 
Hyperglycemia Hyperuricemia 

Diabetes mellitus Gouty arthritis 

Bronchial asthma Sulfonamide hypersensitivity 


Like any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


work/play — normal hemodynamic responses to exercise maintained. 


love —low incidence of impotence and/or loss of libido: 
2.8% in 1,923 patients studied. ' 


cardiac output- tends to return to control values during long-term therapy. 
blood flow— preserved in kidney. 
No Single Advantage Determines Drug Choice. 
Other factors must include: 


The drug's effectiveness in a given patient, its 
side effects, warnings, precautions, tolerance, 
etc. A rational therapeutic choice depends on a 
careful assessment of all such factors. 


*Central alpha-adrenergic stimulation decreases sympathetic outflow from 
the brain, as shown in animal studies. 


ira e$ du 1 Data on fi at Boehringer Ingelheim Ltd. 
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; En i, ease see last page for brief summary, including 
N. mings: precautions, and adverse reactions. 
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Advantage: 


It’s for all kinds 
of hypertensives 


Ca t Tablets of 0.1, 0.2, 0.3 mg 


(clonidine HCI) 
Hypertension 





e No contraindications. 


e Effective in all degrees of hypertension. It is mild to 
moderate in potency. 


e Low incidence of depression, impotence, orthostatic 
hypotension— no fatal hepatotoxicity. 


e Preserves kidney blood flow. 


Most common side effects are dry mouth, drowsiness, 
and sedation which generally tend to diminish with time. 
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Usual daily dose range—0.2 — 0.8 mg 


Maximum daily dose—2.4 mg 
Doses as high as this have rarely been employed. 


pressure response. 


Catapres® 


(clonidine hydrochloride) 
Tablets of 0.1, 0.2, 0.3 mg 


Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in 
potency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 


Warnings: Tolerance may develop in some patients necessitating a reevaluation 
of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce the 
dose gradually over 2 to 4 days to avoid a possible rapid rise in blood pressure and 
associated subjective symptoms such as nervousness. agitation, and headache. 
Patients should be instructed not to discontinue therapy without consulting their 
physician. Rare instances of hypertensive encephalopathy and death have been 
recorded after cessation of clonidine hydrochloride therapy. A causal relationship 
has not been established in these cases. It has been demonstrated that an 
excessive rise in blood pressure, should it occur, can be reversed by resumption of 
clonidine hydrochloride therapy or by intravenous phentolamine. Patients who 
engage in potentially hazardous activities, such as operating machinery or driving, 
should be advised of the sedative effect. This drug may enhance the CNS- 
depressive effects of alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride should be used with 
caution in patients with severe coronary insufficiency, recent myocardial infarction. 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, patients treated with Catapres 
(clonidine hydrochloride) should receive periodic eye examinations. While, except 
for some dryness of the eyes, no drug-related abnormal ophthalmologic findings 
have been recorded with Catapres (clonidine hydrochloride), in several studies 
the drug produced a dose-dependent increase in the incidence and severity of 


Spontaneously occurring retinal degeneration in albino rats treated for 6 mon 
longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsines 
sedation. Constipation, dizziness, headache, and fatigue have been rep: 
Generally these effects tend to diminish with continued therapy. The foll 
reactions have been associated with the drug, some of them rarely. (In : 
Instances an exact causal relationship has not been established.) These inc 
Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnormalit 
liver function tests; one report of possible drug-induced hepatitis without ic 
and hyperbilirubinemia in a patient receiving clonidine hydrochloride, « 
thalidone and papaverine hydrochloride. Weight gain, transient elevation of 
glucose, or serum creatine phosphokinase: congestive heart failure, Rayni 
phenomenon; vivid dreams or nightmares, insomnia. other behavioral char 
nervousness, restlessness, anxiety and mental depression. Also rash, 
gioneurotic edema, hives, urticaria, thinning of the hair, pruritus not assoc 
with a rash, impotence, urinary retention, increased sensitivity to alcohol, dry: 
itching or burning of the eyes, dryness of the nasal mucosa, pallor, gynecomé 
weakly positive Coombs’ test. asymptomatic electrocardiographic abnorma 
manifested as Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness. somnolence, diminished o 
sent reflexes and vomiting followed the accidental ingestion of Catapres (clon 
hydrochloride) by several children from 19 months to 5 years of age. Gt 
lavage and administration of an analeptic and vasopressor led to complet: 
covery within 24 hours. Tolazoline in intravenous doses of 10 mg at 30-mi 
intervals usually abolishes all effects of Catapres, (clonidine hydrochloride) « 
dosage. 


How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 
(tan) and 0.2 mg (orange) oval, Single-scored tablets in bottles of 100 and 1000. 
available as 0.3 mg (peach) oval, Ssingle-scored tablets in bottles of 100. 

For complete details, please see full prescribing information. 

Under license from Boehringer Ingeiheim GmbH 
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Four hundred seventy-five patients underwent repair of tetralogy of Fallot 
from 1955 to 1964; 396 of these were hospital survivors and were followed 
up for 12 to 22 years. An excellent late clinical result was maintained by 
87 percent of the 396 hospital survivors. A less than excellent result in 
the remaining 13 percent of hospital survivors was caused by late mortality 
in 7 percent (sudden death in 3 percent, death due to cardiac causes in 
2 percent and death due to noncardiac causes in 2 percent), required 
reoperation in 4 percent (mainly because of residual ventricular septal 
defect) and development of symptoms in 2 percent. 

Postoperative cardiomegaly (cardiothoracic ratio greater than 0.55) 
was observed in 60 (25 percent) of 246 patients who had a follow-up chest 
roentgenogram, and was more common among those who died late or 
remained symptomatic. Among the few patients with inadequate surgical 
relief of right ventricular hypertension who did not have transanular patch 
repair, the hypertension did not tend to decrease progressively, whereas 
it did decrease in patients who had patch repair. No late sudden deaths 
were encountered in 20 patients shown to have postoperative right bundle 
branch block plus left axis deviation (bifascicular block pattern). Pul- 
monary valve incompetence appeared to have relatively little harmful 
influence on the late result, causing cardiac disability in 1 percent of the 
patients and appeared to be the main contributing factor of postoperative 
cardiomegaly in 13 (5 percent) of the 246 patients who had a follow-up 
chest roentgenogram. Most late deaths and complications appeared within 
2 years of operation, and accelerating deterioration in late results did not 
occur as the follow-up extended beyond 2 decades. 


Intracardiac repair of tetralogy of Fallot has been available for more than 
2 decades.! During the Ist decade, surgical techniques evolved rap- 
idly—especially with respect to the closure of ventricular septal defect, 
the outflow tract reconstruction, and the avoidance of surgical damage 
to the electrical conducting system.? After the relative standardization 
of the surgical technique, interest has been directed to the late results 
of the operation, especially to the clinical and hemodynamic results and 
the factors by which late morbidity and mortality might be affected. 
Among these factors, the most controversial ones are the timing of op- 
eration, the indication for outflow patch reconstruction, the identifica- 
tion of patients at risk for late sudden death and the long-term cardiac 
tolerance of residual significant pulmonary valve incompetence.? The 
present study pursues these controversial factors by analyzing the 
long-term follow-up of a large series of patients, the earliest operated 
on for tetralogy of Fallot at the Mayo Clinic. 


Methods 


Selection of patients: Our definition of tetralogy of Fallot was based on the 
following qualifying criteria: (1) a large or nonrestrictive ventricular septal defect 
permitting equalization of pressures between the right and left ventricles, and 
(2) right ventricular outflow obstruction sufficient to maintain pulmonary ar- 
terial systolic pressure no greater than 35 mm Hg; patients whose pulmonary 
pressure was higher than 35 mm Hg secondary to a previously constructed sys- 
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TABLE | 
Age Distribution of Patients 
Patients 
Age (yr) n % 
VL de Se A es Vo AEN ST Vn UD 
0-1 6 1 
2-4 78 16 
5-9 184 39 
10-19 147 31 
20-54 60 13 
Total 475 100 


temic-pulmonary shunt were included. Luminal continuity 
between the right ventricle and bilateral pulmonary artery was 
required; thus, patients were excluded who had congenital or 
acquired pulmonary atresia or absence of one pulmonary ar- 
tery. In addition, patients with other major congenital cardiac 
anomalies were also excluded. Follow-up information was 
obtained from examinations at the Mayo Clinic, or from re- 
sponses to letters or telephone calls to the patients or relatives 
and to the referring physicians; from an original total of 496 
patients, the 21 patients for whom complete follow-up data 
were not obtained (all residing outside the United States) were 
excluded from the study. 

Study patients: Thus, the study group comprised 475 pa- 
tients, 298 male and 177 female, who underwent intracardiac 
repair of tetralogy of Fallot at the Mayo Clinic between Jan- 
uary 1955 and December 1964. In all 475 patients, the com- 
plete follow-up information as defined was obtained in 1976; 
therefore, all patients were followed up for a minimum of 12 
years (or until death, if it occurred in less than 12 years or early 
postoperatively) and for a maximum of 22 years. The age 
distribution of the 475 patients in the study group is listed in 
Table I. Eighty-four patients had primary intracardiac repair 
within the first 4 years of life and 60 patients between the ages 
of 20 and 55 years. Before intracardiac repair, 155 patients (33 
percent) had had a previous palliative operation: 121 patients 
had a Blalock-Taussig anastomosis,‘ 27 a Potts-Smith-Gibson 
anastomosis? and 7 a Brock valvulotomy or infundibulectomy, 
or both.® As a measure of residual outflow tract stenosis, in- 
traoperative right ventricular to left ventricular peak pressure 
ratio was measured after cardiac repair in 438 patients (92 
percent). 

Postoperative studies: A postoperative cardiac catheter- 
ization study was performed in only a selected group of 83 
patients; the study was performed 2 weeks postoperatively in 
about 25 percent of the patients, between 1 and 9 years post- 
operatively in about 50 percent and between 10 and 21 years 


TABLE Il 


postoperatively in the remaining 25 percent. In almost 33 
percent of these patients, the catheterization study was per- 
formed on a routine follow-up basis; in the remaining 67 
percent, it was performed to assess the possibility of residual 
ventricular septal defect or right-sided outflow obstruction. 
A total of 246 hospital survivors had follow-up chest roent- 
genograms that were available to us and were obtained at a 
median postoperative time of 6 years (range 1 to 22). All 
hospital survivors had at least two postoperative electrocar- 
diograms that were reviewed by us: one obtained before dis- 
missal from the hospital, and one obtained late postopera- 
tively at a median time of 3 years. The possibility of residual 
pulmonary valve incompetence was clinically assessed in all 
hospital survivors before dismissal from the hospital and late 
postoperatively, either at the follow-up visits at the Mayo 
Clinic (about half of the patients) or by the local cardiologis¢. 
Residual pulmonary valve incompetence was judged signifi- 
cant when there was a loud (grade 2-3/6), low pitched early 
diastolic decrescendo murmur at the left sternal border, which 
usually was associated with a thrill. 


Results 


Symptomatic Results 


The overall results of this long-term follow-up study 
of 475 patients operated on for tetralogy of Fallot are 
summarized in Table II. An excellent symptomatic re- 
sult, as judged by the patients’ being asymptomatic and 
having no limitations of usual activities, was obtained 
in 73 percent of the total group and in 87 percent of the 
hospital survivors. Thus far, of 150 female patients with 
an excellent symptomatic result, 27 have had an un- 
eventful pregnancy and 1 had a spontaneous abor- 
tion. 

A fair symptomatic result, as indicated by mild to 
moderate physical limitation (see causes in Table II), 
was obtained in 2 percent of patients. Nineteen patients 
(4 percent of the total group and 5 percent of hospital 
survivors) underwent reoperation; of these 19 patients, 
4 died at the time of reoperation (21 percent mortality 
rate) and 1 died late postoperatively. The hospital 
mortality rate in those early years of open heart surgery 
was 16 percent. The late mortality rate was 6 percent. 

The actuarial curves of survival and survival with an 
excellent result are shown in Figure 1. These demon- 
strate that most late problems appear within 2 years of 
operation, but that thereafter the slope of the line is 
nearly horizontal and comparable with that of the 


Overall Operative Results 
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Result n 96 n 96 n % 
Excellent* 345 73 100 57 


1955-1959 1960-1964 





245 83 
Fair! 10 2 8 4 2 1 
Reoperation (alive) 14 3 8 4 6 2 
Hospital mortality 79 16 46 26 33 11 
Late mortality? 27 6 17 9 10 3 
Total 475 100 179 100 296 100 
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IGURE 1. Probability of deterioration [P(T)] in operative _ E 
. survivors plotted against time in years. Time of deterio- 50 
-ration is defined as postoperative year in which late death 

T ofcurred (middle curve) or in which death, reoperation 
. or symptoms occurred (bottom curve). The top curve 40 
.. represents the control expected survivorship on the basis - 

. Of age and sex distribution, under the death rates of the 
_ Minnesota 1970 white population life table. The number 
:. of patients (pt) seen at each follow-up interval is denoted 
.. within parentheses. | E 


control age- and sex-matched general population. Late . 


mortality and reoperation were the two major reasons 


for the decrease in excellent results during the first 2. 


. postoperative years. 


- Mortality and Reoperation 


Contributing factors and causes of early mor- 
- tality (Table II, Fig. 2): Improvement in surgical re- 
sults occurred through the years of this experience. 
Hospital or early mortality after total correction was - 
importantly influenced by the age of the patients at the _ 
- time of operation (Fig. 3); thus, the hospital mortality - 
. jn patients operated on before age 5 years was signifi- . 
cantly greater than that in older patients (p «0.01. 


- [ntraoperatively, the right to left ventricular pressure 
-ratio (RV/LV) after repair was significantly higher for 
the group that died in the early postoperative period 
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URE 2. Hospital or early mortality rates (death within 30 days of: 
ation) in 475 patients subjected to intracardiac repair for tetralogy ` 






22 years. Observe the improvement in surgical results through- 


ithin parentheses. 
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allot between 1955 and 1964, with a long-term follow-up of 12 o. 


ears. The number of patients (pt) operated on each year is denote d. 
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(mean 0.638 versus 0.503; p «0.001). The Armelage test 
for linear trend" in the individual patient revealed that _ 
early operative mortality was proportionally related to _ 
an RV/LV ratio of 0.65 or greater and was not in- | 
fluenced by a ratio of less than 0.65 (Fig. 4). In that early | 
experience, there was evidence of a higher early mor- 


_ tality rate among the patients who had a transanular . 


patch for the relief of outflow obstruction (p <0.01) | 
(Table III). This finding could be partly related to: (1) - 


the younger age of these patients (under age 5 years) at 
the time of operation (p «0.05), and (2) a higher intra- 


operative RV/LV pressure ratio (0.65 or greater) or in- 


sufficient relief of pulmonary stenosis after the repair- 


(p <0.05). The presence and type of prior palliative 
anastomotic operation were not associated with early - 
death (Fig. 5). The specific causes of early mortality are | 
expressed in Table IV. — | CEN 

Contributing factors and causes of late mortality: | 


Late mortality was not influenced by the age of the 


patient at the time of operation (Fig. 3), by the intra- 
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FIGURE 4. Relation between intraoperative right ventricular to left 
ventricular (RV/LV) peak pressure ratio and early mortality. Observe 
that ratios of 0.65 or greater were proportionately associated with 
mortality. The number of patients with each intraoperative ratio is de- 
noted within parentheses. 


operative RV/LV pressure ratio, or by the presence and 
type of prior anastomotic operation (Fig. 5); although 
there was a trend toward a higher late mortality rate in 
patients with a higher intraoperative RV/LV pressure 
<» ratio and in patients with a prior Potts’ anastomosis, it 

-. did not reach statistical significance (p = 0.14). The 
specific causes of the 27 late deaths and the postoper- 
ative time of their occurrence are listed in Table V. 


Fifteen (71 percent) of the 21 deaths due to cardiac 


causes occurred within the first 2 postoperative 
years. 


of cardiac symptoms, occurred in 12 patients (3 per- 
cent). A possible contributing factor in four of the 
sudden deaths was the presence of a significant residual 
ventricular septal defect that in three patients was as- 
sociated with significant cardiomegaly (cardiothoracic 
ratio greater than 0.60): In two patients a large defect 
was demonstrated at autopsy, in one patient the defect 
_ had been demonstrated 9 years before at cardiac cath- 
eterization (1.4:1 shunt), and in one the defect had been 
. suspected clinically and the patient died before cathe- 
_ terization. One of these patients with a residual ven- 
_ tricular septal defect had well documented ventricular 
_ tachycardia before death; two of the other three patients 
. had transient junctional rhythm early postoperatively 
.. but no detectable arrhythmias on routine follow-up 







TABLE il | | 
chnique for Relief of Right Ventricular Outflow 


)bstruction and Hospital Mortality 












— 


. Patients 


um Deaths 
Type (n) n «96 
Infundibulectomy only or with valvulotomy 262 29° 11 
_ Infundibulectomy and outflow tract patch 
~~ Across pulmonary anulus . 169 43 25 
On RVOT only |. | : 44 7 16 . 
Total mE 475 79 


RVOT = right ventricular outflow tract. 





Sudden death (Table VI), without previous evidence 


: study. In four patients the exact cause of death could | 
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FIGURE 5. Relation between primary intracardiac operation or previous 
specific palliative operations followed by intracardiac repair and sur- 
vivorship, hospital mortality, and late mortality. The number of patients 
in each surgical group is shown at bottom in parentheses. 


not be identified clinically or at autopsy, although three 
of the four had significant cardiomegaly (cardiothoracic 
ratio greater than 0.60). One of these patients died with 
well documented ventricular fibrillation and another 
had had transient junctional rhythm early postopera- 
tively but no detectable heart block or arrhythmias on 
routine follow-up study. In three patients, late sudden 
death was related to the operative complication of 
complete heart block when pacemakers were only in the 
initial stages of development; none of the other patients 
with late sudden death had preceding evidence of 
complete heart block or bifascicular block (right bundle 
branch block and left axis deviation). 

Right ventricular outflow abnormalities were the 
cause of death in seven patients (1.5 percent) (Table 
V). Three patients died during reoperation for an an- 
eurysm of the outflow patch. Possible contributing 
factors to the formation of the aneurysm were the Iva- 
lon? type of patch used in the initial operation of all 
three patients and the higher than 0.65 RV/LV pressure 
ratio present after repair in two of the three. Two pa- 
tients died as a result of the right ventricular outflow. 
obstruction with right ventricular failure. In one of these 
patients the significant residual obstruction was known 
to be present at the initial operation, but for technical 
reasons an outflow patch could not be inserted; in the 
other patient no significant residual obstruction Was. 
detected at operation but was found at cardiac cathe- . 


TABLE IV 
Causes of Early Mortality 





Low cardiac output 37 
Complete A-V heart block 21 
Bleeding : 10 
Respiratory insufficiency 4 
Bacterial endocarditis and sepsis 3 
Residual right ventricular outflow obstruction 2 
Ventricular arrhythmia 2 
Total - | 79 


A-V = atrioventricular. 
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. terization 9 years later. Finally, one patient died as a 
sult of severe pulmonary valve incompetence and one 
a result of bacterial endocarditis. S 
Contributing factors leading to reoperation: 
ineteen patients (4 percent) required reoperation, and 
them are alive. In 14 of the 19 reoperation was 
ormed because of a residual or recurrent ventricular 
ptal defect. One of these patients died at the time of 
reoperation and another died 5 months postoperatively. 
. Sixteen other patients with a residual or recurrent 
- ventricular septal defect, all with less than a 1.5:1 shunt, 
. did not undergo reoperation. Between 1955 and 1958, 


the use of an Ivalon patch for primary closure of the - 


. ventricular septal defect, in contrast to the use of direct 
... Sfiture repair or the later Teflon? patch, appeared to 
.. contribute significantly to the incidence of residual or 
recurrent defect (p <0.01). 

-= Five patients were reoperated on as a result of a 
- right-sided outflow abnormality. Three of these patients 
- died at the time of reoperation. The other two patients 
— are alive; in both patients the RV/LV pressure ratio was 
-already higher than 0.65 after the initial operation. - 


Specific Clinical Features of the Hospital Survivors 


Postoperative heart size: Among the 246 hospital : 
survivors who had a follow-up chest roentgenogram, | 
"cardiac enlargement, defined as a cardiothoracic ratio 


higher than 0.55, was observed in 60 (25 percent). 


|" However, this specifically occurred in 5 (56 percent) of - 
-the 9 asymptomatic patients and in 13 (62 percent) of — 
-. the 21 who died late of cardiac causes. Of eight patients. 
with late sudden unexpected death whose data were | 
available, six had significant cardiomegaly: (related to . 


a significant ventricular septal defect in three, caused 
by persistence of preoperative cardiomegaly in two and 
-without apparent cause in one). 

-> The exact contributing factors accounting for the 

- postoperative increase in cardiac size were difficult to 

define because postoperative cardiac catheterization 
studies performed to search for residual intracardiac 
lesions were performed only in selected patients. Nev- 
ertheless, the apparent most important contributing 
factors accounting for the postoperative increase in 
-heart size (Table VIT) were preoperative cardiomegaly 
persisting postoperatively (about 33 percent of these 
—— patients), significant residual pulmonary valve incom- 
. petence (about 25 percent) and a significant residual 


. ventricular septal defect (about 17 percent). A patch. 
across the pulmonary anulus was present in 28 (46 
c. percent) of the 60 patients with postoperative cardio- 










. Lete Mortality—Sudden Death : 
E | Contributing Factor Patients 
or Cause. (m 





~ Heart block (since operation) 2 
-< Heart block (since operation) with fracture of pacer lead 1 
Pulmonary vascular disease (previous Potts' anastomosis) 1 
-Ventricular septal defect (residual) 4 
Unknown : 
vat } 
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TABLE V E 
Causes of Late Mortality 





T Patients Years 
Cause © (n) Postoperatively . 

Sudden death . 12 2 (= 1-14)* 
Right ventricular outflow abnormality 

False aneurysm of patch 3t 1, 1, 1 

Significant gradient 2 1, 15 

Severe pulmonary incompetence 1 16 

Bacterial endocarditis of patch — 1 1 
Ventricular septal defect (residual) Qn $3. «4 
Acute heart failure | 15 7 
Unrelated E 5 8 (4-16)* 
Unknown 2 000 3 8 us 
Total 4 | 27 (6%) . | Ce 


* Mean (range). * Patients died at time of reoperation. H Patient died 
5 years after reoperation for residual ventricular septal defect. Dy 


megaly and in only 50 (27 percent) of the 186 patients - 
without postoperative cardiomegaly; this greater inci- 
dence of cardiomegaly in patients with a transanular | 
patch was probably in part related to the residual sig- & 
nificant pulmonary valve incompetence observed in : 
some of these patients (11 of 28). : 
Pulmonary valve incompetence: All patients, after 
insertion of an outflow patch across the pulmonary valve | 
anulus, have some degree of pulmonary valve incom- | 
petence. Also, some patients who undergo pulmonary | 
valvotomy later manifest pulmonary incompetence. In. 
our study, significant pulmonary valve incompetence | 
contributed to some type of disability in only 3 (1 per- 
cent) of the 396 hospital survivors (1 patient who died | 
late and 2 symptomatic patients). However, significant. 
pulmonary valve incompetence appeared to be the most. 
likely contributing factor for the postoperative increase 
in heart size in 13 (5 percent) of the 246 hospital survi- 
vors who had follow-up chest roentgenograms. E 
Residual pulmonary stenosis: Thirty-three of the 
surviving patients who had follow-up cardiac cathe- 
terization at least 1 year (range 1 to 21 years) postop- 


TABLE Vil i 

Postoperative Increase in Heart Size: Contributing Factors, r 
Late Mortality and Symptomatology i: 
E — Late Symp- 


Deaths tomatic 
(n) (n) 


Patients 


Contributing Factor 
aus (n) 






Preoperativ 

With prior 
operation. = 

Without prior anastomotic 15 0 3 
operation: 

Pulmonary valve incom- 16 1 2 

petence `> 

Ventricular septal defect 10 
(residual) —_ 

No apparent cause 

Right ventricular outflow 
abnormalities. 

Reopening of previous 
anastomosis. . > us aes 

Associated valvular 1 — —. 


heart disease | x 
Total E 60 (25%) 13(62%) 5 (56° 
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FIGURE 6. Right ventricular to left ventricular (RV/LV) peak pressure 


ratio in 21 patients whose ratio was less thani 0.65 immediately after 
=: -repair (operating room) and who underwent a second hemodynamic 
Study between 1 and 21 years of the follow-up study (Postop). With one 
exception, the pressure ratio was lower in the second hemodynamic 
Study in all patients. 


- eratively and who showed no residual ventricular septal 
_ defect were evaluated for right ventricular outflow ob- 
_ struction. The right ventricular to left ventricular 
_ (RV/LV) pressure ratio obtained at catheterization was 
- compared with ratios obtained in the operating room 
.. after cardiac repair was completed (Fig. 6). In 21 pa- 
. tients with an intraoperative RV/LV pressure ratio of 
less than 0.65, there was a significant tendency for this 
. ratio to decrease with the years of follow-up in both the 
-group with and the group without an outflow patch (p 
.. <0.01); in fact, none of these patients with an intraop- 
~ erative pressure ratio of less than 0.65 had a ratio greater 
- than 0.52 late postoperatively. In five patients with an 
- outflow patch and an intraoperative RV/LV pressure 
-ratio 0.65 or greater (Fig. 7), there was a significant 
. tendency for this ratio to decrease with the years of 
_ follow-up (p <0.01), although in two patients the ratio 
= Was still greater than 0.50. There was no significant 
- average decrease in the elevated RV/LV pressure ratio 
_ inthe seven patients without an outflow patch, although 
all of them were asymptomatic. An intraoperative 
post-repair RV/LV pressure ratio of 0.65 or greater was 
observed in 63 (16 percent) of the 396 hospital survivors, 
_ and specifically, in 6 (29 percent) of 21 who died late of 
_ cardiac causes and in 2 (25 percent) of the 8 whose death 
-Was sudden and unexpected (p = 0.33). | 
^" Electrocardiographic conduction abnormalities: 
. À complete right bundle branch block pattern was 
found in 337 (85 percent) of the 396 hospital survivors. 
_ Twenty (7 percent) of the 337 patients had additional 
-left axis deviation (bifascicular block pattern); as dis- 
-cussed earlier, none of these patients had late sudden 
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FIGURE 7. Right ventricular to left ventricular (RV/LV) peak pressure 
ratio in 12 patients whose ratio was more than 0.65 immediately after 
repair (operating room) and who underwent a second hemodynamic: 
study between 1 and 21 years of follow-up (postop). In three of the seven 


patients without an outflow patch the pressure ratio did not de- 
crease. 


death, but one had transient complete atrioventricular 
(A-V) block at the time of operation. An incomplete 
right bundle branch block pattern was found in 23 (6 
percent) of the 396 patients. 

Permanent complete A-V block was observed in 7 (2 
percent) of the 396 patients; 3 of these patients had late 
sudden death and, as discussed, this occurred when 
pacemakers were only in the initial stages of develop- 
ment. The four other patients have a permanent pace- 
maker, implanted in two at the time of operation and 
in the other 2 years later when permanent complete A.V 
block developed. Transient complete A-V block at the 
time of operation occurred in 14 (3.5 percent) of the 396 
patients; permanent Á-V block developed years later 
in only 2 of these 14 patients, and as mentioned, both 
required a permanent pacemaker. 

Discussion | 

This review, which is primarily a study of the clinical 
status of patients after repair of tetralogy of Fallot, is 
unique because the study group consists of one of the 
largest and earliest surgical series. It involves patients | 
operated on during the first 10 years that this operation f 
was available, and provides a follow-up review of 12 to - 
22 years. Aside from the higher hospital mortality rate ` 
encountered in this earliest experience, the results 
compare favorably with that of a later experience at this 


same institution involving patients operated on after 


the early years of rapid evolution of operative tech- 
niques.? Thus, 12 to 22 years following the repair, 87 
percent of the hospital survivors had an excellent result, 
as judged by their asymptomatic status and freedom 
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- from limitations on their usual daily activities. When 
.. contrasted with the poor life expectancy without oper- 
. ation,? the good operative result is most gratifying, de- 
-spite a mild to moderate increase in heart size in some 
. patients and despite reports that a significant number 
nts after repair of tetralogy of Fallot show a good 
matic result but have abnormal hemodynamics!” 
educed cardiac output and heart rate response to 
'ercise.!!-14 Because in our hospital survivors a fol- 
-low-up cardiac catheterization was performed in a se- 
_ lected group of only 83 patients, an accurate evaluation 
. of the postoperative hemodynamics and of the incidence 
— of residual structural lesions could not be obtained for 
the total study group. 
.. e Hospital mortality: The principal detractor from an 
excellent result was the hospital mortality rate, which 
— was 26 percent in the period from 1955 to 1959 and has 
-. steadily decreased throughout the later years of this 
_ study. The increased mortality that occurred between 
...1955 and 1959 was partly due to impaired ability to 
- avoid the production of permanent complete heart 
— block.!^ The significantly greater hospital mortality in 
infants and young children than in older patients may 
















not be relevant to the present time,!6-?? with its im- 


proved operative and postoperative methods, but it does 
suggest that the margin for mismanagement may be 
much narrower in the younger age group. Although in 
this early experience patients with a transanular patch 
had a significantly greater hospital mortality, this 
finding has not been documented in our most recent 
experience.? 

Late mortality: Although less common than hospital 
mortality in this early experience, the occurrence of late 


death is of some concern currently, because it appeared. 


most commonly as a sudden event and within the first 
2 postoperative years. Continued study of this problem 
is clearly important in an effort to identify causative 
factors or to develop methods to minimize its hazard. 
Thus, sudden death occurred in 12 patients. Four of 
these deaths would be rare today because three were 
related to A-V heart block when pacemakers were only 
in the earliest stages of development and one was sec- 
ondary to pulmonary hypertension as a result of a pre- 
vious Potts’ anastomosis. Of interest is the sudden death 
of four patients with significant size residual or recur- 


rent ventricular septal defect and significant cardio- 


 megaly in three of them. One of these patients had well 
documented ventricular tachycardia before death. 
Furthermore, of the remaining four patients in whom 


an anatomic cause of death could not be identified, three 
— had significant cardiomegaly and one of them died with 


E -well documented ventricular fibrillation. It is then 
possible, as suggested by other reports,?!-?? that most 
sudden deaths were related to ventricular arrhythmias. 


<- Our data also suggest that in many of these patients 
.. myocardial dysfunction, as judged from significant 





: ^ cardiomegaly, may trigger the arrhythmia. These 


- observations raise the possibility that follow-up cardiac 


-catheterization to rule out a significant residual struc- 
- tural lesion should be performed in patients after repair 
— oftetrology of Fallot, particularly in those with signif- 
-= icant cardiomegaly. Patients with primary myocardial 

















dysfunction might be subjected to a treadmill stress tes 
and 24-hour Holter electrocardiographic monitoring to 
identify those who might benefit from antiarrhythmi 


therapy. However, the impact on mortality would be 
minimal because sudden, unexplained death, presum- . 
ably related to cardiac arrhythmia, occurred in only four : 
of our patients (0.8 percent), and a similar low incidence 
rate (0.9 percent) was also documented in our more re- - 
cent patients operated on from 1965 through 1970.5. 
Not one of the patients who died suddenly had: 
demonstrated bifascicular block. A similar lack of 
relation between bifascicular block and late sudden 
death was also apparent in the group operated on from | 
1965 through 1970.8 Thus, contrary to the views of other 
investigators, "^-?? our data and those of others??? do : 
not justify a prognostic electrophysiologic study of the 
conduction system in postoperative patients with bi- 
fascicular block. m 
Other causes for late death or reoperation required 
because of incomplete closure of ventricular septal de- 
fect or insufficient relief of pulmonary stenosis are re- 
lated to surgical techniques. Thus, they have been 
largely avoided more recently by abandonment of clo- 
sure of ventricular septal defect with improper patches 
(Ivalon), and by willingness to use outflow patch gussets. 
in order to avoid high residual gradients. Similarly, 
these technical improvements minimize the current: 
probability that reoperation will be required. | 
Role of residual pulmonary stenosis versus pul- 
monary incompetence: The question whether patch 
graft reconstruction of the outflow tract is advisable in 
borderline situations has been dealt with exten- 
sively.2239-3? Over the years, the difference of opinion. 
had focused on the ill effects of residual pulmonary 
stenosis versus insufficiency. The present data suggest. 
that the immediate post-repair right to left ventricular 
pressure ratio is usually higher than it will be as the 
years of follow-up elapse, whether or not a patch re- 
construction is used. However, in patients in whom the 
immediate post-repair pressure ratio is highest (0.65 or 
greater), there is a risk, for those in whom an outflow 
patch is not used, that the pressure ratio will not de- 
crease with time (three of our seven patients), that re- 
operation will be required (two other patients) or that 
even death might ensue (one other patient). Moreover, 
as documented by others,?? the outflow gradients can 
increase markedly during exercise. r 
The insertion of an outflow patch across the pulmo- 
nary valve anulus always results in some degree of pul- 
monary valve incompetence. However, recent hemo- 
dynamic data*4-" indicate that the majority of patients 
tolerate this lesion well for many years and that their 
response to exercise remains adequate if there is no 
significant residual obstruction. Indeed, in our long- 
term study, pulmonary incompetence has contributed 
to only 1 late death, to the symptoms of 2 patients, and 
probably, to the mild increase in heart size of 13 of the 
246 patients who had follow-up chest roentgenograms. 
For these reasons, thus far we do not favor use of more 
recently introduced techniques of insertion of substitute 
pulmonary valves or outflow tract conduits, except in 
patients with impaired pulmonary arterial runoff 
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caused by peripheral stenosis, vascular obstructive 


- disease, single pulmonary artery or agenesis of pulmo- 


nary valve with aneurysm of the central pulmonary 
arteries. 

: Role of residual anatomic and functional ab- 
normality: Of particular concern with respect to the 
. late result of corrective operation for patients with te- 
- tralogy of Fallot is the usual failure of correction to re- 
. Store the heart to normalcy. Residual anatomic and 
functional abnormality exists, particularly at the right 
ventricular outflow tract level, and to some extent the 
right ventricular myocardium may be permanently al- 
tered. Thus, because asymptomatic patients may have 









a poor hemodynamic result, their lack of symptoms 
must be viewed with some caution. However, if these 
residual alterations were to exert a significant, time- 
related adverse effect on the late result of operation, a 
downturn in the actuarial survival curves should occur 
by 20 years after operation. The absence of such a 
downturn in our study (Fig. 1) is highly gratifying. 
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c irdiac Malformations in the Velocardiofacial Syndrome 








A similar pattern of congenital anomalies found in 27 children, 9 male and _ 
18 female, aged 2 weeks to 17 years, allows the conclusion that they | 
represent a newly recognized malformation syndrome. All patients had - 
velopharyngeal insufficiency, a submucous or overt cleft of the secondary - 
palate and learning disabilities. A similar facies, characterized by a long 
vertical face, a large fleshy nose with broad nasal bridge, flattened malar- 
region, narrow palpebral fissures and deep overbite with retruded man- - 
dible, was usually present. Other noncardiac anomalies also occurred - 
frequently. Twenty-three (85 percent) had congenital cardiovascular | 
malformations whose occurrence as single or combined lesions far ex- - 
ceeded the expected incidence in children with congenital heart disease. 

A ventricular septal defect was present in 15, tetralogy of Fallot in 5. 

Prolapse of the right aortic cusp was present in two patients with a ven- 

tricular septal defect, and aortic valve disease with insufficiency in one 

patient with tetralogy. The aortic arch was right-sided in 12 patients, in 

conjunction with a ventricular septal defect in 5, in association with te- 
tralogy of Fallot in 4 and in the absence of associated cardiac disease in 
3. The right aortic arch descended on the right in 10 patients; in 2 witha 
ventricular septal defect it crossed retroesophageally to descend on the 
left, and in one of these it presented as the "third aortic arch syndrome." | 
Aberrant origin of the left subclavian artery was present in five patients > 
with a right aortic arch. A patent ductus arteriosus had caused congestive 
heart failure in infancy in one patient with a small ventricular septal defect; 
three others with a ventricular defect had additional clinically minor 
anomalies. Two children were brother and sister. Their mother and ihe 
mothers of two other children showed evidence of the same syndrome, 
suggesting the possibility of autosomal dominant or X chromosome-linked 

dominant transmission. à E 


In an earlier report! we described 12 children with a pattern of similar 
malformations believed to represent a newly recognized congenital 
malformation syndrome. Although other manifestations with varying 
frequency were noted, most consistently present were overt or submu- 
cous clefts of the secondary palate, typical facies, learning disabilities 
and ventricular septal defect; hence, the designation velocardiofacial 
syndrome. The occurrence in all patients of velopharyngeal insufficiency, 
generally reflecting poor motion in the lateral pharyngeal walls, neces- 
sitated specific surgical correction.: > | E 

Twenty-seven children with this syndrome have now been evaluated 


in this center. Twenty-three have shown cardiovascular anomalies. This 


report details our observations in these 23 patients and presents an 
unusual conformity of cardiac involvement. : 


Methods | 


Patients: Of the 27 children 9 were male and 18 female. Their ages on initial 
referral ranged from 2 months to 17 years. Twenty-two were referred because 
of hypernasal speech, usually considered of unknown origin. Two were neonates 
referred because of clefts of the velum and suspected Robin malformation 
complex.? ‘Three were initially seen for cardiac evaluation, at which time the 
diagnosis of velocardiofacial syndrome was made. Cardiovascular disease had 


been recognized or suspected in 16 before their coming under our care. — 
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.... Detailed histories for possible teratogenic or environmental 
. influences or familial genetic factors were obtained on all 
. patients. Chromosomal studies were obtained in four pa- 
c tients. 
< Diagnostic procedures: The cardiac diagnosis, established 
< by physical examination, electrocardiogram and roentgeno- 
.. grams of the chest in all, was confirmed by cardiac catheter- 
. ization and angiocardiography in 17 and at cardiac surgery in 
_ 9. Thirteen had undergone previous diagnostic cardiovascular 
_ Study elsewhere. Repeat studies were obtained in one of these 
. and initial cardiac catheterization was performed in four pa- 
tients in our institution. Seven had undergone previous car- 
= diac surgery elsewhere and two patients were operated on in 
. our institution. All catheterization data, angiocardiograms and 
operative reports were reviewed. 





Results 


Noncardiac Malformations 


^^ The noncardiac malformations present are listed in 
- Table I. Most frequent were hypernasal speech with 
overt or submucous clefts of the secondary palate, 
_ similar facies and specific learning disabilities, usually 
involving the ability to form abstractions, mathematical 
. ability and visual-motor capacity. Only 12 patients were 
- significantly retarded. All of the intellectually impaired 
- patients were in the educable range with the exception 
- of one trainably retarded patient. 
© The most striking feature of these patients was the 
. similar facies (Fig. 1). This was characterized by a large, 
_. fleshy nose with a broad nasal bridge, flattened malar 
: region, narrow palpebral fissures, deep overbite with a 
class II malocclusion and retruded mandible, abundant 
-scalp hair and a vertically long face. 
Chromosomal studies were normal in all patients 
whose karotypes were obtained. Three instances of fa- 
milial occurrence of the syndrome were recognized. The 
mother of one girl with a ventricular septal defect 
showed a similar facies, a large U-shaped palatal defect 
"with hypernasal speech, a retruded mandible and 
learning disabilities, but no cardiovascular abnormali- 


TABLE | 


.. Velocardiofacial Syndrome: Noncardiac Malformations in 
..27 Patients 



















; n % 
_- Submucous cleft of secondary palate 19 70 
-Overt cleft of secondary palate 8 30 

arning disabilities 27 100 

Aypotonia in infancy 23 85 

Narrow palpebral fissures 21 78 

Retruded mandible 19 70 

Malar flatness 19 70 

ricular anomalies 19 70 

"?rominent nose 18 67 

Stender hypotonic hands 14 52 

Microcephaly 12 44 
- Mental retardation 12 44 
. Small stature 11 41 
“Inguinal hernia 5 27 





- Vertebral anomalies 3 11 





ties. The mother of another girl with a ventricular septal 
defect also had a similar facies with microcephaly and 
a submucous palatal cleft. Two patients with tetralogy 
of Fallot were brother and sister. Their mother was re- 
tarded, showed a palatal cleft, typical facies and a nor- 
mal heart and aorta. 

Four unaffected mothers had received progestational 
agents during the early first trimester of pregnancy. In 
addition, one mother was an operating room nurse who 
had been exposed to anesthetic gases during preg- 
nancy. 


Cardiovascular Malformations 

Congenital cardiovascular malformations were 
demonstrated in 23 (85 percent) of the 27 patients 
(Table II). 

Ventricular septal defect: A ventricular septal 
defect was present in 15 patients (65 percent). Ten had 
a normal left aortic arch and five (33 percent) a right 
aortic arch. One patient, first seen at age 6 years with 
an isolated right-sided aorta and mild left ventricular 
enlargement in the chest roentgenogram, had a history 
of a heart murmur in infancy. He may have had spon- 
taneous closure of a ventricular septal defect at an 
earlier age. 

Two of the five patients with a ventricular septal 
defect and right aortic arch also showed prolapse of the 
right aortic cusp. In one, aortic insufficiency was not 
clinically apparent but prolapse was demonstrated 


TABLE li 


Velocardiofacial Syndrome: Cardiovascular Malformations 
in 27 Patients 











Predominant Mal- Associated Mal- 
formation Type n formation Type n 
Normal heart 
Normal aortic arch 4 T iu 
Right aortic arch 3  Aberrant left subclavian 1 
: artery 
Ventricular septal defect : | 
Normal aortic arch — 10 Valvular and infundibular 1 
pulmonary stenosis 
Patent ductus arteriosus 1 
Aberrant right subclavian 1 
artery — 
; Left superior vena cava 1 
Right aortic arch 
No retroesophageal 3 Aberrant left subclavian 2 
‘component . artery n: 
: Prolapsed aortic cusp - 1 
Retroesophageal 2 Aberrant left subclavian 2 
‘component artery : 
: Prolapsed aortic cusp 1 
"Third aortic arch 1 
| syndrome" 
Tetralogy of Fallot 
Left aortic arch 1 Left superior vena cava 1 
Right aortic arch (not 4 Aberrant left subclavian 1 
artery with left patent 


retroesophageal) 
: ductus arteriosus; 
aortic insufficiency 


Total - 27 14 
i n —— —— —À 
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arge fleshy nose with a broad nasal bridge, flattened 


FIGURE 1. Characteristic facies in children with the velocardiofacial syndrome. Note the 
The patient in the panels at bottom demonstrates 


malar region, vertical long face, retruded mandible, auricular malformation and abundant hair. 
narrow palpebral fissures with a downward obliquity. 
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angiographically. In the other patient aortic insuffi- 
> ciency was marked. 

_. Cardiac catheterization was performed in 11 patients 
with a ventricular septal defect. The ratio of pulmonary 


-< to systemic blood flow ranged from 1.4 to 2.6. The shunt 


- was demonstrable only on angiocardiography in three. 
. Pulmonary vascular resistance was normal in all. 

. Tetralogy of Fallot: Five patients (21 percent) 
. presented with tetralogy of Fallot, and four (80 percent) 
. Of these had a right aortic arch. One probably originally 
< had a large ventricular septal defect that was altered to 
_ tetralogy as a result of progressive infundibular hy- 
. pertrophy. 

. Right aortic arch: A right-sided aortic arch was 
- present in 12 patients (52 percent). Four of the 12 had 
no evidence of heart disease. In three of the four the arch 
^ was anterior and to the right of the esophagus, de- 
scending on the right with no retroesophageal compo- 
. nent. In the fourth patient the angiogram revealed the 
branches of the aorta to be the left common carotid, the 
. right common carotid and the right subclavian arteries, 
with the left subclavian artery arising as the fourth 
branch from the left dorsal aspect of the upper de- 
-< Scending aorta, crossing behind the esophagus and in- 

denting its posterior wall. 

.. Of the five patients with ventricular septal defect 
and a right-sided aortic arch, three manifested an aorta 
that descended on the right and had no retroesophageal 
component. One of these three also had an aberrant left 
subclavian artery crossing the mid line behind the 
< esophagus. 

The remaining two manifested a right aortic arch with 
a retroesophageal component and descent of the aorta 
on the left. One showed a cervical position of the right- 
-sided aortic arch (“third aortic arch syndrome") from 
which the first three great vessels arose, respectively, 
-as the left common carotid, the right common carotid 
and the right subclavian artery, with the left subclavian 
artery arising as the fourth brachiocephalic vessel from 
-a diverticulum at the junction of the right aortic arch 
_and upper descending aorta. In the second patient, who 
-also had a prolapsed right aortic cusp, the left subcla- 
vian artery also arose aberrantly as the fourth branch 
of the aorta. 

Four patients with the tetralogy of Fallot had a right 
-aortic arch and descending aorta. Three showed mir- 
.ror-image branching of the brachiocephalic vessels. 
< However, one had an aberrant left subclavian artery 
^ With a patent ductus arteriosus connecting it to the left 
. pulmonary artery to form a vascular ring. 

.. Other cardiovascular abnormalities: Most addi- 
-tional cardiac malformations were of no physiologic 
ignificance (Table II). One child with a ventricular 
eptal defect who had had congestive heart failure in 
fancy showed mild valvular and infundibular pul- 
monary stenosis with a right ventricular-pulmonary 








-artery gradient of 25 mm Hg at age 5 years. Another 


with a small ventricular septal defect had had congestive 
failure in infancy primarily because of a large patent 
ductus arteriosus. The patient with tetralogy, right 


aortic arch and vascular ring also had a thickened aortic 
valve with aortic insufficiency. 

Bacterial endocarditis had occurred in one patient. 
One patient with a right aortic arch and no evidence of 
structural heart disease showed varying nodal rhythm 
and atrioventricular dissociation; these abnormalities 
posed no problem during her palatal surgery. 


Discussion 


Incidence of cardiovascular malformations as- 
sociated with facial clefting: Cardiac lesions in as- 
sociation with facial clefting were considered relatively 
rare by McKeown and Record.’ Among 55,539 live 
births, there were only 5 such patients, all of whom digd 
in the Ist month of life. Shah et al.4 reported a 1.3 per- 
cent incidence rate of congenital heart defects in 150 
living patients with facial clefts. Of these 10 patients, 
3 had an isolated ventricular septal defect and 2 a ven- 
tricular septal defect in conjunction with other cardiac 
defects. None had a right aortic arch. 

In our Center for Craniofacial Disorders, of 275 
patients with an isolated cleft palate, not part of other 
malformation syndromes, 7 children (2.5 percent) have 
shown evidence of congenital heart disease: 3 with 
coarctation of the aorta (including 1 with ventricular 
septal defect and patent ductus arteriosus) and 1 each 
with secundum atrial septal defect, aortic stenosis, 
pulmonary stenosis and patent ductus arteriosus. 

Incidence of cardiovascular malformations in 
velocardiofacial syndrome: The incidence of car- 
diovascular malformations, either as single or combined 
lesions in this group of patients with the velocardiofacial 
syndrome, far exceeds the expected incidence in chil- 
dren with congenital heart disease. Among 56,109 births 
recorded by Mitchell et al.,5 457 infants had congenital 
heart disease. A ventricular septal defect was present 
in 29 percent, tetralogy of Fallot in 3.5 percent and a 
right aortic arch and patent ductus arteriosus in two 
infants. At a median age of 3 years in those with con- 
genital heart disease, the incidence rate was 40 percent 
for ventricular septal defect and 4 percent for tetralogy. 
In Keith's long term follow-up8 the respective incidence 
rates were 28 and 11 percent. On the basis of examina- 
tion of a large series of chest roentgenograms the inci- 
dence rate of isolated right aortic arch has been reported 
to be approximately 0.1 percent.? Among 116 children 
and young adults with a right aortic arch the anomaly 
was unassociated with congenital cardiac disease in only 
4 (3 percent). The reported incidence rate of a right 
aortic arch in patients with tetralogy of Fallot ranges 
from 13° to 34 percent,’ and in patients with an isolated 
ventricular septal defect from 29 to 6 percent.!? Aortic - 
insufficiency, usually due to a prolapsed right aortic. 
cusp, has been reported to occur in 2!! or 3 percent!? of 
patients with a ventricular septal defect. 

Intracardiac anomalies associated with right 
aortic arch: In light of other reported experiences, our 
12 patients with a right aortic arch also had an unusual 
incidence of associated intracardiac anomalies. When 
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e aorta ascends on the right and descends anteriorly 
and to the right of the trachea and esophagus, congenital 
art disease is almost invariably present.!?! In con- 
ast, in our group with ascent and descent of the aorta 
he right, three had no evidence of heart disease. . 
/hen the aorta ascends on the right and crosses 
rior to the esophagus to descend on the left, asso- 
ed intracardiac disease is extremely uncommon.!?* 
However, a ventricular septal defect was present in our 
two patients with a right-sided ascending aorta anda 
'. retroesophageal segment and in both patients the left 
-subclavian artery arose as the fourth branch from the 
-descending aorta. In one patient, as commonly occurs, 
the ascent of the right aortic arch was higher than nor- 
~ ral, but the apex of the arch was below the clavicle. The 
other patient had a cervical aortic arch-—an uncommon 
cardiac malformation that has been described in only 
. 18 patients, none of whom had an intracardiac de- 
- fect.!^ | : | 
Comparison with other cardiofacial syndromes: 
- Exclusive of cardiofacial abnormalities resulting from 
"known chromosomal defects or from known teratogenic 
agents, three "cardiofacial"syndromes merit comment 
for comparison. | 
Patients with the Williams’ syndrome! present with 










J supravalvular aortic stenosis, mental retardation and - 


a characteristic facies typified by widely spaced eyes; 


broad, depressed nasal bridge; heavy cheeks; a wide - 


mouth with course pouting lips, and elfin-like ears. 
Patients with presumed variants of the Williams' syn- 
drome, all with mental retardation and similar facies but 
with pulmonary valvular dysplasia," supravalvular 
pulmonary stenosis!* or discrete subvalvular aortic 
-< stenosis,” have also been described. : 
< "In the Noonan syndrome??? there is commonly, 
although not invariably, mental retardation and a facies 


























- low-set ears; and a low posterior hairline. Cardiac 
"manifestations are usually pulmonary stenosis with or 
without an atrial septal defect,” cardiomyopathy?? or 
asymmetric septal hypertrophy.?^?5 

In neither syndrome does the facies resemble that of 


-> patients with the velocardiofacial syndrome or is palatal 
clefting present. A right aortic arch has not been noted 
in any patient with either syndrome; ventricular septal 
defect has occurred only infrequently in the Noonan 
. syndrome.?! 


Shprintzen RJ, Goldberg RB, Lewin ML, et al. A new syndrome 
involving cleft palate, cardiac anomalies, typical facies, and 
~> learning disabilities: velo-cardio-facial syndrome. Cleft Palate J 

. 1978:15:56-62. | ; 
2. Cohen MM. Syndromes with cleft lip and cleft palate. Cleft Palate 
«^ J 1978;15:306-28. 


:8. McKeown T, Record RG. Malformations in a population observed 






c. for five years after birth, In: Ciba Foundation Symposium on Con- 
= © genital Malformations. Boston: Little, Brown, 1960:2-21. | 
4. Shah CV, Pruzansky S, Harris WS. Cardiac malformations with 
| facial clefts. Am J Dis Child, 1970;119:238-44. 


characterized by hypertelorism; a short, webbed neck; - 
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The DiGeorge syndrome, or third and fourth pha 
ryngeal pouch syndrome,**° although characterize 
by absence or hypoplasia of the thymus and parathy 
roids with cellular immune deficiency and hypoca 
cemia, has many features resembling those seen in the 
velocardiofacial syndrome. Clefts of the lip, palate or | 
uvula may occur. Most patients who survive infancy are - 
mildly to moderately retarded. The facies, although 
somewhat similar (hypertelorism, low-set malformed 
ears and a short jaw), shows a shortened philtrum 
causing a “fish mouth." Cardiac malformations relate 
primarily to anomalies of the third and fourth branchial. 
arches and there is an unusually high incidence rate of. 
interrupted aortic arch, persistent truncus arteriosus; 
aberrant right subclavian.artery and right aortic arch 
with or without intracardiac malformations. 

Familial and other etiologic factors: In most of our 
patients the syndrome presented as a sporadic occur- 
rence in an otherwise normal family. However, there 
were three instances of familial occurrence. In all three 
patients, the features were transmitted maternally in 
a dominant pattern. The etiology of the velocardiofacial 
syndrome based on these cases of familial transmission 
would appear to be genetic, and more specifically 
dominantly inherited. Because these familial cases 
were transmitted maternally, it is not possible to de- 
termine if the gene is autosomal or X chromosome- 
linked. However, the severity of the syndrome is fairly 
similar among male and female children. Thus, even 
though X chromosome-linked dominant transmission 
is possible, it would tend to support probable autosomal 
dominant transmission. 

The large number of sporadic cases may be explained 
in several ways. Because the patients are intellectually 
impaired, there is reduction of the genetic fitness of 
many persons with the syndrome who, therefore, be- 
come unlikely to reproduce. Most of the patients are still 
below reproductive age, thus limiting the current op- 
portunity to observe the possible effects of a dominant 
gene. : 

Finally, we cannot rule out etiologic heterogeneity. 
There were four unaffected mothers who had been given 
progestational agents during the early first trimester ol 
pregnancy and one who had been exposed to anesthetic 
gases during pregnancy. The possible teratogenic effect: 
of these substances in relation to the development of the 


velocardiofacial syndrome is possible but unproved. . 
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circular chart of the: systolic and diastolic pressure over o 29 or 94 hour period. 
For o demonstration or further information urite or call collect 
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ia year in this country approximately one million 
people suffer acute myocardial infarctions. Rapid 
emergency treatment in coronary care units has been 
credited with reducing by up to one third the mortal- 
ity among patients hospitalized with acute attacks. ! 


Thrombosis—incidence in myocardial infarction 
Following the damage to the heart itself, throm- 
boembolism is perhaps the most serious sequel to 
myocardial infarction. 

A study has demonstrated that there is a 39% 
incidence of calf vein thrombosis during the acute 
phase of myocardial infarction. ! 

Speed saves lives It has been reported that more 
than half the thrombi destined to occur in the calf 
veins form within 72 hours of myocardial infarction, 
and three-fourths form within the first week. There- 
fore, a number of investigators have recommended 
that antithrombotic measures. should begin upon 
admission to the hospital and be effective almost 
immediately. 2 

Oral anticoagulants have a clinical value It has 
also been stated that the use of anticoagulants may 
reduce the frequency of calf vein thrombosis from 22 
to 6.5%. The use of anticoagulants is subject to 
differing opinions regarding improved survival. A 
number of authorities recommend the use of antico- 
agulants in ail patients who have no specific con- 
traindications during the period of hospitalization. ! 


Scanning electron micrograph of ‘Red’ thrombus, formed by 
erythrocytes entrapped in fibrin strands. 





One team of investigators in M.I. recommend? p 
viding full-dose warfarin while the patient is in th 
hospital and for several days afterward — 

-if the patient has had prior infarcts or 

-thromboembolism 

if the area of infarction is large 

if complications (such as CHF or hypotensio 

require prolonged bed rest. 

But, if post myocardial infarction syndrome 
(Dressler's syndrome) develops, anticoagulants 
should be discontinued, as pericardial hemorrhage 
even cardiac tamponade may develop. ! 


Objectives and benefits of anticoagulation T 
use of anticoagulants in the acute phase of myocai 
dial infarction has these potential advantages: 
prevention of deep vein thrombosis 
reduction of embolization from cardiac mural 
thrombi 
prophylaxis against extension of myocardial 
necrosis or long-term recurrence of 
infarction 
reduction of overall mortality 
If anticoagulants can inhibit the formation of 
deep vein thrombi, then the incidence of pulmonar 
embolism might be diminished—and pulmonary er 
lism has been estimated as a threat to life in 5,000 
of the 500,000 myocardial infarction patients who 
are admitted to hospitals in this country each year 


A look at survival One retrospective 
study of the use of anticoagulants in M.I. 
evaluated the survival of 1,307 patients 
from 20 hospitals in a large metropolitan 
community. The diagnosis of M.I. was 
based on predefined criteria, which incluc 
typical chest pain, serial ECG's, enzyme 
elevations, and autopsy findings. 

Among anticoagulated patients, the 
adjusted in-hospital case-fatality rate was 
18%. For patients who did not receive thi 
treatment, the fatality rate was 31%. For 
survivors followed for as long as ten year: 
patients who had been anticoagulated still 
fared better than those not so treated.? 

The authors of this study recognize 







drawba chs. of using ARE evidence and 
call for tl e formation of a multi-center, double-blind, 
randomized study on the use of anticoagulants in 
-acute myocardial infarction. 
s Screening the high risk group The risk of DVT 
(deep vein thrombosis) is particularly great among 
certain patient groups: 
patients with left ventricular failure 
< patients in shock _ 

patients with arrhythmias 

older patients 

obese patients 

patients with varicose veins 

. patients with previous myocardial infarction or 

thromboembolism — 


Screening techniques Diagnosis of DVT by physi- 
cal examination may miss a significant number of 
clinically silent thrombi. There are, however, addi- 
` tional technological tools to help the clinician define 
-more accurately the incidence of deep vein thrombo- 
sis. Among these are: 
jodine-125 fibrinogen scanning—radioac- 
-tively tagged fibrinogen i is incorporated into actively 
: torming thrombi and i is detected on external sensors. 
F This method is accu- 
rate for popliteal and 
calf vein thrombi, but 
not for iliofemoral 
thrombi. ? 
- .venography— 
radiographic evidence 
of DVT is seen as a 
constant filling defect 
in venous projections, 
abrupt termination of 
a column of contrast material at a constant site, non- 
filling of the deep veins, and presence of flow in col- 
lateral veins.* 
ultrasound— Doppler ultrasound scanning can 
provide a fast, convenient, inexpensive reading of 
deep venous obstruction. This technique is poten- 
tially the most versatile and accurate method avail- 
. able. However, it demands considerable operator 
. experience to insure maximal accuracy.? 
| impedance plethysmography—this tech- 
-. nique results from the observation that blood volume 
-changes in the calf produced by inflation or deflation 
"ofa thigh cuff produce variations in electrical resist- 
ance (impedance). Such changes are reduced in 
. patients with thrombosis of the popliteal or more 
-. proximal veins. ‘ 
` Patient compliance through education Providing 
. the anticoagulated patient with information about 
. his altered physical state and motivating him to com- 
_ ply with the therapeutic regimen constitute one of 
the most important aspects of health care.? 
To determine the best way of imparting neces- 












 Phlebogram Showing occlusion 
in deep vein of the upper calf. 




















sary information about t anticoügubal ion 0 patients S, 
test was devised. One group of patients was give 
brochure detailing the need for the medication and - 
the importance of following the doctor's instructions 
A second group of patients was given a programme 
instruction booklet which was quite comprehensive in 
its teaching content, which included the action of — 
warfarin, the purpose of prothrombin times, how too 
figure dosage from tablet strengths, possible compli T 
cations and steps to take to control them. 

When tested for learning and retention, the — 
patients in the programmed instruction group scored v. 
significantly higher than the group given brochures __ 
only. In an area of medicine that relies so heavily — 
on patient compliance, this report could be important _ 
in determining how medical information is communi- 
cated to the patient. * Ue 
The bottom line A postmortem study? underlines: — 
the importance of thrombosis in myocardial infarc- 
tion. In this study of 173 patients with recurrent 
myocardial infarction, coronary occlusion due to — 
thrombosis occurred in 54% of cases. Recent occlu- 
sive coronary thrombosis was 4 times less frequent — 
in patients who received adequate anticoagulation — 
(mean prothrombin level was 29 + 5%). 

And as one authority states: x 
“Rational use of anticoagulant therapy in the _ 
setting of acute myocardial infarction may 
save more than 8,000 lives a year in this. 
country. Full advantage should be taken of . 
this therapeutic opportunity: '? - 

This message is sponsored by Endo Laboratories, E 
as an educational service. : 


References: 

1. Gazes PC, Gaddy JE: Bedside management of acute 
myocardial infarction. Am Heart J 97(6):782-96, Jun 1979. 2. 
Frishman WI, Ribner HS: Anticoagulation in myocardial infarc- 
tion: Modern approach to.an old problem. Am J Cardiol .— 
43(6):1207-13, Jun 1979. 3. Szkło M, et al: Additional data 
favoring use of anticoagulant therapy i in myocardial infarction. _ 
JAMA 242(12):1261-64, Sept 21, 1979. 4. Hirsch J: Venous 
thrombosis, in Anticoagulation: Principles and Practice, e 
Temple University School of Medicine and Endo Laboratories. - 
5. Thrombosis, a symposium. Contemp Surg 14:80, 1979. — 
6. Rankin MA: Programmed instruction as a patient teaching 
tool: A study of myocardial infarction patients receiving 
warfarin. Heart Lung 8(3):511-16, May-Jun 1979. 7. Barrillon 
A, Kusmierek J, Gerbaux A: Occlusive coronary thrombos 
and oral anticoagulants. Thromb Haemost 4 1(1): 255-64, 
Feb 28, 1979. 











Endo Laboratories, inc. 
Subsidiary of the DuPont Company 
Garden City, New York 11530 


Por temere ne i 





LIU 


»ystems that break the 
Aitrasound barri 


ex is making breakthroughs in echocardi- 
graphy. Technological breakthroughs. 
reakthroughs that provide crisper images. 
lore diagnostic capability. Greater flexi- 
lity. And all at breakthrough prices. 























x Phased Array Real Time Imaging System 


'namically focused 2-D sector scanner featuring unique 32 channel 
rformance. Plus two sector-derived M-modes and a totally inde- 
ndent M-mode. Compact, electronically steered, lightweight trans- 
cers. Optional heart sound/pulse and respiration module. Integral, 
vanced design Sony? Beta format video cassette recorder. Simulta- 
ous 2-D and M-mode black and white hard copy. And more. 


x Cardio 80° Graphics Analyzer 


eractive quantitative analysis of two-dimensional images, M-mode 

hocardiograms and other cardiodiagnostic data. 2-D analysis from 
iplay screen video or hard copy. Immediate printout of results. User 
)grammable for analysis of research and special applications data. 
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Technology. Innovative recording and display 
systems specifically designed for the cardiolo- 
gist. Flexible, highly sensitive echo amplifier. 
Dynamically focused phased array. Ultrahigh 
resolution. Microprocessor control. State-of-the 
art, phased array transducers. Software updat- 
ing. High-speed digital scan conversion. All Ire 
designed. All Irex built. So you get leading-edg 
performance for improved diagnostic images. 


Versatility. Broadest range of cardiac diagnos: 

tic capabilities in each Irex system. Highly flexi- 

ble signal processing controls. So you can per- 

form and analyze the study you want, the way 
Irex System Il M-mode Echocardiograph you want to do it. 


Today's leading M-mode echocardiographic system. The Irex time- HF 
tested and proven black and white recorder. Versatile user-oriented Mobility. Compact, durable systems that go 


controls. High-sensitivity, noise-free echo amplification. Additional where you need them, when you need them. 
multichannel capability for diagnostic phonocardiograms, external . ; 
pulse waves and auxiliary inputs. Expandable for future applica- Commitment. The Irex commitment assures 


tions. All Irex innovations. And, yes, more. quality, reliability, continuing attention; prompt 
service from factory-trained Irex representa- 
tives; on-site training. So you get the most out o 
your lrex system. 


Value. Irex systems give you features and 
sophistication that would cost you thousands 
more elsewhere. 

Breakthrough technology at breakthrough pric 
is what Irex echocardiography is all about. 
Return the coupon today for more ultra-exciting 
information. 


IREX Medical Systems / IREX International, Inc 
69 Spring Street, Ramsey, New Jersey 07446 | 
(201) 327-5990, Telex: 642 393 


IREX 


Innovators in 
echocardiography | 





IREX Medical Systems 
69 Spring Street, Ramsey, New Jersey 07446 


Please send information on: 

[3 Irex Phased Array Real Time Imaging System 
g Irex Cardio 80? Graphics Analyzer 

O Irex System Il M-mode Echocardiograph 

[J Please call to arrange an appointment. 
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‘HYPERTENSION 4 
_ MAY. BE YOUR DIAGRHOSIS 
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On three different visits, the patients: readi | 
have hovered about the 150/95 mmHg evel, 
Both his father and uncle are currently being » | 
treated for high blood pressure; a paternal 
grandfather died in his 60's of a stroke. Neithe 
the physical examination nor the laboratory 
workup indicates target organ damage „4 
or coexisting disease. Cholesterol | 
evels (250 mg/dL) are on the 
jh side, however. 
—— The patient is 30 pounds over- PE 
. weight, smokes several cigars a Wes 


- E j NER " ^ 
day, 


| 
| 








and has a sedentary office job Wee 
He admits he likes his food highly S 
spiced—and over-salted. Besides con-" 
sidering appropriate antihype tensive a 
you may also wish to. desigr 
program that includes 'weig 
restriction and exer 








salt ^ N 






2 






et 
sent 





LNE 


a UE Pe EAE SE E tS (TM NM EI 


ANXIETY 
MAY WELL BE YOUR DIAGNOSIS 
OF HIS PSYCHOLOGICAL CONDITION 





During these visits, you also have | 
observed symptoms of excessive | 
tension and anxiety in this patient — 
restlessness, irritability appre- 
hension. His history lists anxiety- 
related insomnia. 
= Should this anxiety persist, despite 
^ à [ your reassurance and counseling, 
| 5 adjunctive Valium (diazepam/Roche) 
S— "4 Wl can be especially helpful. Valium 
provides prompt Süd dea ple calming action. Within days, it helps 
reduce anxiety to manageable levels. And Valium is generally well 
tolerated. Side effects more severe than drowsiness, fatigue and ataxia 
are rare and seldom serious. As with all CNS-acting agents, patients | 
should be cautioned against drinking | 









alcoholic beverages or driving while - maa baie Ut. aitei 
on Valium therapy. Periodic reassess- . 

ment of the need for psychotropic AREND D. BEAOKMAN, M.D. 

medication is also recommended. aen BAGO 6035 BORBO saw HOGA. E. (6000 
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WHEN ANXIETY 
IS ALSO A NEWLY 
DIAGNOSED PROBLEM 
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Before prescribing, please see summary 2) 
of product information on next page. . : 
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(diazepam/Roche) 


Before prescribing, please consult complete prod- 
uct Information, a summary of which follows: 
Indications: Management of anxiety disorders, or 
short-term relief of symptoms of anxiety; symptomatic 
relief of acute agitation, tremor, delirium tremens and ` 
hallucinosis due to acute alcohol withdrawal; adjunc- 
tively in skeletal muscle spasm due to reflex spasm to 
local pathology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man syndrome; con- 
vulsive disorders (not for sole therapy). 
The effectiveness of Valium in long-term use, that is, 
more than 4 months, has not been assessed by 
systematic clinical studies. The physician should 
periodically reassess the usefulness of the drug for 
the individual patient. 
Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle 
glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 
Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete 
mental alertness. When used adjunctively in convulsive 
disorders, possibility of increase in frequency and/or 
severity of grand mal seizures may require increased 
dosage of standard anticonvulsant medication; abrupt 
withdrawal may be associated with temporary increase 
in frequency and/or severity of seizures. Advise against 
simultaneous ingestion of alcohol and other CNS 
depressants. Withdrawal symptoms similar to those 
with barbiturates and alcohol have been observed with 
abrupt discontinuation, usually limited to extended use 
and excessive doses. Infrequently, milder withdrawal 
symptoms have been reported following abrupt discon- 
tinuation of benzodiazepines after continuous use, 
generally at higher therapeutic levels, for at least 
several months. After extended therapy, gradually taper 
dosage. Keep addiction-prone individuals under careful 
surveillance because of their predisposition to habitua- 
tion and dependence. 

Usage In Pregnancy: Use of minor tran- 

quilizers during first trimester should 

almost always be avoided because of in- 

creased risk of congenital malformations 

as suggested in several studies. Consider 

possibility of pregnancy when instituting 

therapy; advise patients to discuss ther- 

apy If they intend to or do become 

pregnant. 
Precautions: |f combined with other psychotropics 
or anticonvulsants, consider carefully pharmacology 
of agents employed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors and other anti- 
depressants may potentiate its action. Usual precau- 
tions indicated in patients severely depressed, or with 
latent depression, or with suicidal tendencies. Observe 
usual precautions in impaired renal or hepatic function. 
Limit dosage to smallest effective amount in elderly and 
debilitated to preclude ataxia or oversedation. 
Side Effects: Drowsiness, confusion, diplopia, hypo- 
tension, changes in libido, nausea, fatigue, depression, 
dysarthria, jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, blurred vision. 
Paradoxical reactions such as acute hyperexcited 
states, anxiety, hallucinations, increased muscle spas- 
ticity, insomnia, rage, sleep disturbances, stimulation 
have been reported; should these occur, discontinue 
drug. Isolated reports of neutropenia, jaundice: periodic 
blood counts and liver function tests advisable during 
long-term therapy. 
Dosage: Individualize for maximum beneficial effect. 
Adults: Anxiety disorders, symptoms of anxiety, 2 to 10 
mg b.i.d. to q.i.d.; alcoholism, 10 mg t i.d. orq i.d. in 
first 24 hours, then 5 mg t.i.d. or q.i.d. as needed; 
adjunctively in skeletal muscle spasm, 2 to 10 mg t.i.d. 
or q.i.d.; adjunctively in convulsive disorders, 2 to 10 
mg b.i.d. to q.i.d. Geriatric or debilitated patients: 2 to 
22 mg, 1 or 2 times daily initially, increasing as needed 
and tolerated. (See Precautions.) Children: 1 to 2Ve mg 
t.i.d. or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 
Supplied: Valium* (diazepam/Roche) Tablets, 2 mg, 
5 mg and 10 mg—bottles of 100 and 500; Tel-E-Dose* 
packages of 100, available in trays of 4 reverse-numbered 
boxes of 25, and in boxes containing 10 strips of 10: 
Prescription Paks of 50, available in trays of 10 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
& Nutley, New Jersey 07110 
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(quinidine gluconate) * 


CONTRAINDICATIONS: 

Aberrant impulses and abnormal 
rhythms due to escape mechanisms 
should not be treated with quinidine. 

Partial A-V or complete heart block, or 
intraventricular conduction defects, 
especially those exhibiting a marked 
grade of QRS widening. 

Renal disease resulting in significant 
azotemia, or those developing cardio- 
toxic effects such as conduction defects, 
ventricular premature beats, ventricular 
tachycardia or flutter while on the drug. 

Marked cardiac enlargement. particu- 
larly with congestive failure, poor renal 
function, and especially renal tubular 
acidosis. 

Idiosyncrasy or hypersensitivity to 
quinidine. 

WARNINGS: 

In the treatment of atrial flutter, rever- 
sion to sinus rhythm may be preceded 
by a pro ive reduction in the degree 
of A-V block to a 1:1 ratio resulting in an 
extremely rapid ventricular rate. 
PRECAUTIONS: 

The precautions to be observed include 
all those applicable to quinidine. A pre- 
liminary test dose of a single tablet of 
quinidine sulfate should be adminis- 
tered to determine if the patient has an 
idiosyncrasy to quinidine. Hypersensi- 
tivity to quinidine, although rare, 
should constantly be considered, espe- 
cially during the first weeks of therapy. 

Quinidine in large doses may reduce the 
contractile force of the heart, therefore, 
extreme caution should be exercised in 
using the drug in patients with severe 
heart disease, hypotension or digitalis 
intoxication. The potential disadvan- 
tages and benefits must be weighed. 

It should be administered cautiously, 
if at all, to senile patients. 

Hospitalization for close clinical observa- 
tion, electrocardiographic monitoring, and 
possibly plasma quinidine levels is indi- 
cated when large doses are used or with 
patients who present an increased risk. 
ADVERSE REACTIONS: 

Symptoms of cinchonism, ringing in 
ears, headache, nausea, distu 

vision may ap in sensitive patients 
after a single die of the drug. 
Cardiovascular: Widening of QRS com- 
plex, cardiac asystole, ventricular 
ectopic beats, idioventricular rhythms 
including ventricular tachycardia and 
fibrillation, paradoxical tachycardia, 
arterial embolism, hypotension. 
Gastrointestinal: Nausea, vomiting, 
abdominal pain, diarrhea. 
Hematologic: Acute hemolytic anemia, 
hypoprothrombinemia, thrombocyto- 
penic purpura, agranulocytosis. 
Central Nervous System: Headache, 
fever, vertigo, apprehension, excitement, 
confusion, delirium and syncope, dis- 
turbed hearing (tinnitus, decreased 
auditory acuity), disturbed vision 
(mydriasis, blurred vision, disturbed 
color perception, reduced vision fields, 
photophobia, diplopia, night blindness, 
scotomata), optic neuritis. 
Dermatologic: Cutaneous flushing with 
intense pruritus. 
Hypersensitivity Reactions: Angio- 

ema, acute asthmatic episode, vascu- 

lar collapse, respiratory arrest. 

See package insert for full information. 
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|... The Swan-Ganz Bipolar Paci "ne ? 
... been shown to provide excellent pacing stability 
and is well known for its ease of insertion. Now 
you can get this proven performance with all the 
convenience of a ready-to-use kit. 


A rapid, reliable bedside procedure. 


Clinical experience has shown that insertion 
can be performed at bedside in minutes by using 
an ECG recording from the distal electrode as a 
placement guide. Blood flow directs the balloon- 
tipped catheter rapidly into the right ventricle. No 
fluoroscopy is needed. Both the catheter body 
and electrodes are radiopaque and may be 
visualized by fluoroscopy, if desired. 


SUPERNE ea L E 


Quality components for wr 
quality pacing. 
In addition to the 5-F Swan- Ganz 
Bipolar Pacing Catheter, the kit 
contains the basic components eee 


needed for prompt, reliable catheter er 
placement: a Desilets-Hoffman* type xdi 
percutaneous insertion 


American Edwards Laboratories 
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Two types of kits are available. One is designed 


SO now get reliable emergency pacing and 
ease of insertion with all the convenience of a 
ready-to-use kit. 

The Swan-Ganz Bipolar Pacing Catheter Kit. 

The nameto rely on for quality pacing. 
For literature, contact: American 
Edwards Laboratories, Division 
of American Hospital Supply 
Corporation, 17221 Red Hill 
Avenue, (Irvine), PO. Box 

11150, Santa Ana, CA 92711. 

Telephone: 714/557-8910, 
Cable: EDSLAB. Telex: 68-5567. 


"Desilets-Hoffman is a registered trademark of C. R. Bard, Inc. 


Swan-Ganz® is a registered trademark, American 
Edwards Laboratories 
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Prevalence of Coronary Heart Disease in the Framingham 
Offspring Study: Role of Lipoprotein Cholesterols 
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Forty-three of 1,312 men aged 35 to 54 years in the Framingham Offspring 
Study had clinically recognized coronary heart disease at the initial ex- 
amination. Twenty-six men in this group had previously had a myocardial 
infarction. Of 1,296 women in the same age range, only 11 had coronary 
disease and 3 a prior myocardial infarction. The prevalence of coronary 
heart disease in men was strongly associated with age, smoking, high 
density lipoprotein (HDL), low density lipoprotein (LDL) and total cho- 
lesterol using univariate analyses. When multivariate logistic regression 
analysis was used, age, smoking and HDL and LDL cholesterol retained 
their significant association with coronary heart disease. The total cho- 
lesterol/HDL cholesterol ratio was also strongly associated with coronary 
heart disease in the multivariate analysis. It is concluded that both HDL 
and LDL cholesterol are strongly and independently associated with the 
prevalence of coronary heart disease, whereas the level of very low 
density lipoprotein cholesterol makes no statistically significant inde- 
pendent contribution. 


The relation of serum lipid and lipoprotein levels to clinically recognized 
coronary heart disease is an area of increasing research. Much of our 
understanding of the epidemiology of cardiovascular disease has accrued 
from the experience of several long-term prospective studies in which 
cases have been documented and related to commonly measured vari- 
ables such as smoking, blood pressure and serum cholesterol concen- 
tration. However, many of the recent studies lacked lipoprotein cho- 
lesterol data for men and women less than 50 years old. Not enough is 
known about the relation between lipids and coronary heart disease in 
the younger population. One recently reported study! showed little 
relation between HDL cholesterol level and coronary heart disease in 
a group of men under age 45 years. Similarly, data are scarce relating, 
with use of multivariate techniques, the prevalence of these diseases to 
factors such as blood pressure, smoking, obesity, alcohol consumption 
and lipoprotein cholesterols. 

This study is based on data obtained at the first examination of the 
Framingham Offspring Study. The results for prevalence of coronary 
heart disease and myocardial infarction are reported. Multivariate 
analysis was performed using coronary risk factors and various lipo- 
protein cholesterol subfractions in an effort to determine the association 
of these variables with cardiovascular outcomes in this relatively young 
population. 


Methods 


Study group: The study design, methodology and description of the Fram- 
ingham Offspring Study sample are provided elsewhere.?? The results of this 
report are confined to men and women aged 35 to 54 years when examined in 
1971 to 1975. All subjects were either offspring (1,688 participants) or spouses 
of the offspring (918 participants) of the original Framingham Heart Study co- 
hort. The historical data collected included history of coronary heart disease, 
smoking habits and alcohol use recorded at the time of a clinic visit that included 
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: n a physical examination. Serum lipoprotein cholesterol levels - 
.- Were measured with the Lipid Research Clinic protocol, and. 


p . an electrocardiogram at rest was performed at the examina- 


Cholesterol determinations: Serum cholesterol was 
measured using a manual Abell-Kendall procedure.4 A hep- 

» arin manganese-chloride precipitation technique was used to 
= determine the high density lipoprotein ( HDL) cholesterol. 
~~ Low density lipoprotein (LDL) cholesterol was calculated by 
subtracting the HDL cholesterol from the bottom fraction 
cholesterol, measured after reconstitution of the bottom 
fraction after preparative ultracentrifugation of ethylenedi- 
amine tetraacetate plasma at serum density. The very low 


+» „density lipoprotein (VLDL) cholesterol was measured by - 
_ subtracting the bottom fraction cholesterol from the total 
. cholesterol The ratios of total cholesterol to HDL cholesterol 


A _and of LDL cholesterol to HDL cholesterol were calculated 
for each subject. Height and weight for each participant were 
determined with the subject dressed in an examining gown, 


^5 wearing no shoes. 


Historical data: The medical history included specific 
. questions designed to elicit the usual consumption of alcohol. 


a Intake of beer (number of 12 ounce cans X 0.44), wine (number . 


of 4 ounce glasses X 0.40) and cocktails (1.5 ounce liquor X 
:.0.57) intake was summed to achieve an overall measure of 
weekly alcoholic consumption.® The Metropolitan Life In- 
surance relative weight was calculated for each person from 
. published tables." The criteria for the diagnosis of myocardial 
.. infarction and coronary heart disease used in this study are 
_ described elsewhere.? 
.. Statistical analysis: The univariate relation between 
*. coronary heart disease and various factors was tested by the 
...t test assuming equal variances. The chi-square test was uti- 
. lized for cigarette smoking. The statistical tests for the asso- 
-ciation of the specific independent variables with the depen- 
.... dent variable coronary heart disease employed multivariate 


TABLE I 


_ Prevalence of Coronary Heart Disease (CHD) in the 
_ Framingham Cohort (1948-1951) and Offspring 








(1971-1975) 
5 Cohort Offspring 
Age Total With CHD Crude Total With CHD Crude 
(yr) (n) (n) Rate" (n) (n) Hate* 
AC UTEM reese 
3 Men 
<o 30-34 384 3 8 409 0 0 
2:785-39 443 4 9 381 4 11 
So 4Q~44 422 3 7 368 7 19 
45-49 357 6 17 326 14 43 
BS 374 20 54 235 18 76 






1719 


443 0 0 0 

584 1 : | 0 0 

10-44 — 511 3 6 388 2 5 
0 45. 451 5 11 351 4 11 
= 50-54 432 8 19 193 5 26 
Total 2421 17 7 1768 11 6 


t (8) 
—————— À——————MááÉáá M. 
* per 1000. t Numbers in parentheses represent age-adjusted rates. 
_ The offspring rates were adjusted to the cohort population using the 
direct method. 

|». n = number. 






logistic regression using the Walker-Duncan estimation 
method.? No regression analyses were performed for the 
women because there were too few cases of myocardial in- 
farction or coronary heart disease. 


Results 


Prevalence of coronary heart disease: Among the 
1,312 men examined in the Framingham Offspring 
Study who were 35 to 54 years old, 43 had had coronary 
heart disease, and 26 had a history of myocardial in- 
farction. Among 1,296 women participants in the study 
in the same age range, 11 had coronary heart disease, 
including 3 with a myocardial infarction. There were no 
instances of coronary heart disease in offspring less than 
35 years old at the time of the examination. The age- 
and sex-specific prevalence rates summarizing these 
results are presented in Table I. Next to these results 
are those for participants in the original Framingham 
cohort when they were sampled in 1948 to 1951. 

The age-adjusted rates of coronary heart disease 
given for each of the sex-specific groups in Table I allow 
comparison between parents and offspring. The rate for 
men in the original cohort was 18/1,000. After direct 
adjustment to the cohort age distribution, the rate for 
the offspring was 29/1,000. The age-adjusted prevalence 
rates of coronary heart disease for women were 7/1,000 
in the original cohort and 8/1,000 in the offspring. Be- 
cause the data suggested differences between the cohort 
and the offspring, Mantel-Haenszel chi-square statistics 
were calculated using 5 year age stratifications to 
compare the men in the cohort with the men in the 
offspring (x? = 3.80) and the women in the two groups 
(x? = 0.01). 

Coronary heart disease and abnormal lipoprotein 
profile: Some of the men and women with coronary 
heart disease had abnormal lipoproteins when classified 
according to the Fredrickson criteria.? These data are 
summarized in Table II for the separate Fredrickson 
classes, coronary heart disease diagnoses and sex. 
Among the 43 men with coronary heart disease, type IV 
hyperlipoproteinemia occurred in 11 and was twice as 
common as type II (5 men). Of the 11 women with cor- 
onary heart disease, 2 had type II and 1 had type IV 
hyperlipoproteinemia. The sole woman with a history 
of myocardial infarction who had an abnormal lipid 


profile was classified as having type II hyperlipopro- 


teinemia. 


TABLEH — E 
Men and Women With Coronary Heart Disease (CHD) and 
Myocardial infarction (MI) and With Abnormal Lipoprotein 
Profiles: Framingham Offspring 








Men Women 

Fredrickson Lipoprotein LUN ECC KI EE Se 
Classification CHD Mi CHD MI 

il 5 3 2 1 

IV 11 6 1 0 

V 1 1 0 0 

Normal 26 16 8 2 

Total 43 26 11 3 
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__ levels in men with (stippled bars) and without (white bars) 


FREQUENCY (%) 





FIGURE 1. Frequency distributions of LDL cholesterol 


ap coronary heart disease: Framingham male offspring aged 
5.351054 years. MEN 


- Individual variables in coronary heart disease: 
-The mean values for several variables measured for 
subjects with and without coronary heart disease are 
-given in Table HI. Univariate t tests were used to test 
- for differences between the means. The mean values for 
- ^ total cholesterol, LDL cholesterol, HDL cholesterol and 
- total cholesterol/HDL ratio showed significant differ- 
-ences in the two groups as did age at examination and 
. reported cigarette use. Subjects with coronary heart 
_ disease had higher values for total and LDL cholesterol, 
- butlower values for HDL cholesterol than those of the 
subjects without coronary disease. 
A history of current or previous smoking was much 
< more prevalent in the group with than in the group 


without coronary heart disease (95 percent versus 72 
|... percent). The other variables tested showed no signfi- 


-cant differences in the two groups. 


-~ Multivariate regression coefficients in coronary 


. heart disease: Table IV presents the standardized 
-. multivariate logistic regression coefficients for coronary 
heart disease and myocardial infarction in men aged 35 











(man 
holesterol (mg/dl) 


Number? 38 1274 


EL. LS MEME) ute i, M [A 
.* p 0.05; ! p «0.01; * p «0.001; (two-sided t tests used. 5 Minimal 
"^ number for which all variables were available. 
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LDL CHOLESTEROL (mg/d) 


to 54 years. The regression analysis was performed with 
the independent variables-—age, alcohol use, history of 
cigarette smoking, Metropolitan relative weight, systolic. 
blood pressure, HDL and LDL cholesterol. Age, ciga- 
rette use, HDL and LDL cholesterol, all of which are 
significantly associated in the univariate case, retain. 
their association with coronary heart disease when en- 
tered in a multivariate regression equation. From this 
same list of variables, only age and HDL cholesterol 
were significantly associated with myocardial infarc- 
tion. We c a x 

Frequency distribution of various lipoproteins: 
The frequency distribution of various lipoproteins in 
men 35 to 54 years old with and without coronary heart 
disease are presented in histograms. The distribution 
of LDL cholesterol in men with coronary disease showed 
a marked shift and 75 percent of this group had LDL 
cholesterol values that exceeded the mean LDL cho- 
lesterol value for the men without coronary disease (Fig. 
1). There was little evidence for different variation in 
the two groups, and neither distribution showed dra- 
matic skewness. ; 


TABLE IV Oe ae x D 
Standardized Multivariate Logistic Regression Coefficients 
for Coronary Heart Disease (CHD) and Myocardial > 
infarction (MI): Framingham Male Offspring, Aged 





















35 to 54 Years = 0 5 — 
-- - Men With CHD 

| (standardized 
coefficient) 





Variable 


Age | 0.683! 0.7007 
Aicohol . —0.099 0.136. 
Cigarettes 0.756* 0.453. 
Metropolitan relative weight —0.050 -0.38€ 
Blood pressure (systolic). . 0.134. 0.144 
HDL cholesterol —0.618! aa 
LDL cholesterol > . 0.284" 
Number of cases? ^ ^ — | a 
* p <0.05; ! p «0.01; t p «0.001; (two tailed t tests use 
with all variables available. ED a 








` FREQUENCY (96) 





HDL CHOLESTEROL (mg/di) 





—— Figure 2 shows the frequency distribution of HDL 
. cholesterol in the men with and without coronary heart 
. disease. Approximately 55 percent of the men with 
. disease had a low value for HDL cholesterol (less than 
_ 35 mg/dl) and in none did the level exceed 68 mg/dl; in 
. approximately 5 percent of the men without coronary 
_ disease the level exceeded this value. 
.. The relative frequencies of various total choles- 
_ terol/HDL ratios in men with and without coronary 
_ heart disease are shown in Figure 3. The distribution of 
_ the ratio shows slight skewness toward higher value in 
. men without coronary disease and a marked skewness 
_ to lower values in the men with disease. Approximately 
_ 65 percent of the men with coronary disease had a total 
_ cholesterol/HDL ratio greater than 5.5, compared with 
-only 35 percent of the men without disease. 

_. Table V summarizes the associations of high LDL 
_ cholesterol (more than 150 mg/dl) and low HDL cho- 
_ lesterol in men with and without coronary heart disease. 





REQUENCY (M) 





d^. 9 i 


«25 3 4 5 6 7 >75 
TOTAL CHOLESTEROL (mg/dl)/HDL CHOLESTEROL (mg/dl) 


FIGURE 3. Frequency distributions of values for total cholesterol/HDL 


cholesterol ratio in men with (stippled bars) and without (white bars) 


Coronary heart disease: Framingham male offspring aged 35-54 


years. 


gel, 


| i ... FIGURE 2. Frequency distributions of HDL cholesterti 

levels in men with (stippled bars) and without (white bars) 

coronary heart disease: Framingham male offspring aged 
35 to 54 years. l 


267.5 


In each instance, the men with disease are more likely 
to have these extreme values. High LDL and low HDL 
cholesterol in the same person was much more common 
among the men with disease. 


Discussion 


Prevalence of coronary heart disease in past 2 
decades: This report demonstrates that coronary heart | 
disease is still a highly prevalent disease in Framingham, | 
Massachusetts. The original cohort was first seen in 
1948 to 1951, and their offspring were examined from 
1971 to 1975. Over that 20 year span the national mor- 
tality rates for coronary heart disease have escalated, 
peaked and declined since the late 1960’s. Not enough 
is known about the trend in prevalence of coronary 
heart disease over the past 2 decades. Many of the 
published comparisons are based on health statistics, 
and comparability suffers because of changes in diag- 
nostic methods and criteria as well as population 
shifts.1? 

Previous comparison of the cohort and offspring!! has 
demonstrated striking reductions in cigarette smoking, 
and modest but statistically significant reductions in 
total plasma cholesterol levels. However, the Mantel- 
Haenszel analysis applied to 5 year age groups showed 


that the proportion of men with coronary heart disease 


was significantly greater among the offspring than in . 
the cohort. | 

Recent publications have discussed the decline in 
coronary heart disease mortality, and investigators have 
queried whether that phenomenon stems from a de- 
crease in case fatality, a decline in the incidence or some 
combination of these two effects. The increased 
prevalence among the offspring supports the former 
contention, but such conclusions should be drawn with 
caution, especially when reductions in major risk factors 
that would be likely to decrease incidence are apparent. 
Previous analysis! showed that parents of children who 
did not participate in the offspring study were no dif- 
ferent from the parents of those who did participate. 
However, it is possible that increased health awareness 
among men in the offspring generation led to a greater 
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pation among subjects with clinically recogniz- 
onary heart disease. Such a trend involving a 
jall proportion of the sample would not be detectable 
when comparing parents of participants and nonpart- 
ants. — 

)ntribution of hyperlipoproteinemia to prev- 





0 
ce of coronary heart disease: Hyperlipopro- 
nemia, especially hyperbetalipoproteinemia, has been 
"shown to contribute greatly to the frequency of coronary 
- heart disease in young adults.!? The contribution of 
- hyperlipoproteinemia to coronary heart disease occur- 
-ring in the 5th and 6th decades is also thought to be 
. eonsiderable.!? In our study (Table ID, approximately 
. one third of the men and women with coronary heart 
-. dásease and myocardial infarction had abnormal cho- 
- lesterol or triglyceride levels as assessed with the Fre- 
-drickson criteria. Our results show that these classifi- 
cations are associated with coronary heart disease, but 
they are not present within the majority of the group 
with coronary disease in this age range, as about two 
thirds of our men and women with coronary heart dis- 
"ease had “normal” lipoprotein cholesterol levels. Of 
-course, offspring who have died of coronary heart dis- 
ease are not included in this report. It is possible that 
those persons are more likely to have had such eleva- 
tions of lipoprotein levels. 
. Our data (Table III) emphasize the importance of 
lipoprotein cholesterol quantification in showing an 
“association between these variables and coronary heart 
disease in men less than age 54 years. Previously, total 
"serum cholesterol was shown to be associated with 
< coronary heart disease in subjects under age 50 years 
and to lose its predictive power in the older age groups.'* 
Our data indicate significant univariate associations for 
— HDL and LDL as well as total cholesterol. These results 
are similar to those of other studies in Israel,’ Sweden,!? 
_ Framingham,!5 and Honolulu,!? and Evans County.” 
. . Multivariate analysis of risk variables: Some of 
. the variables that are highly associated with coronary 
— heart disease in the univariate case lose their signifi- 
cance in the multivariate analysis. For the variables 
-shown in Table IV, only age, history of cigarette use and 
-HDL and LDL cholesterol levels retain their strength 
_ in contributing significantly to the association with 








-coronary heart disease. A similar result is obtained when 


Us myocardial infarction replaces coronary heart disease 
as the dependent variable in the logistic equation. In 
this case, a previous history of smoking and LDL cho- 


—— lesterol are not significantly associated with coronary 


"heart disease. However, the coefficients do remain 
-. positive. If the total cholesterol/HDL ratio is substi- 
- tuted for HDL and LDL cholesterol levels, and the other 
iables are retained, similar results are obtained and 
_ the total cholesterol/HDL ratio is significantly associ- 
ated with coronary heart disease and myocardial in- 
rction in the multivariate case. If VLDL cholesterol 
dded as an independent variable in this multiple 
- regression, no significant independent role is demon- 
- strable over and above the associations of HDL and 
_ LDL cholesterol levels. The association of the inde- 
- - pendent variables in Table IV and coronary heart dis- 
. .ease is shown in Figure 4. The quintile of risk from the 
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TABLE V 


Associations of Low HDL Cholesterols and High LDL 
Cholesterols With Coronary Heart Disease (CHD): 
Framingham Male Offspring, Aged 35 to 54 Years 


Men With 


Men Without 
CHD CHD 


(n = 43) 
20 (46%) 
23 (53%) 
9 (2196) 


9 (2176) 


(n7 1267) - : 
262(2196) — 
442 (35%) —— 

90(7%) ^. 


Low HDL cholesterol (<35 mg/dl). 
High LDL cholesterol (<150 mg/dl) 
High LDL cholesterol and low HDL 
cholesterol ^. .- . 0 
Low LDL cholesterol and high HDL 


: 653 (52%) 
cholesterol — : 


multivariate regression coefficients of Table IV is used _ 
to predict the actual number of cases of coronary heart 
disease. E i 

Significance of HDL decrease and VLDL cho- 
lesterol elevation: Because HDL and VLDL choles- 
terol show substantial negative correlation in these and . 
other data,!? it is possible that much of the association | 
of VLDL cholesterol with coronary heart disease stems . 
from the association of lower HDL cholesterol levels and - 
coronary heart disease. When VLDL cholesterol re- 
placed HDL cholesterol in a multiple regression, no 
significant association with coronary heart disease, in- 
dependent of LDL cholesterol, cigarette smoking and 
age, was demonstrable. Thus, it appears that elevation 
of VLDL cholesterol and decrease in HDL cholesterol 
do not bear comparable information and thus have. 
different implications for risk of coronary heart disease. - 
However, in these data HDL cholesterol is more. 
strongly associated with coronary heart disease than is 
VLDL cholesterol. 


NUMBER OF CASES 





1 2 3 4 5 
QUINTILE OF RISK SCORE "- 

FIGURE 4. Prevalence of coronary heart disease by quintile o! 
men aged 35-54 years: Framingham Offspring Study. (Logi: 
gression coefficients using variables from Table IV were empi 
the analysis.) | d. 
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The failure to identify associations between coronary 


~ heart disease and alcohol consumption in our data - 


should be considered cautiously. As with any data on 
- alcohol consumption arising from personal interviews, 
there is suspicion of underreporting by some subjects. 
- Given the strong relation between alcohol ingestion and 
< HDL cholesterol;? it is possible that part of the associ- 
. ation assigned by the analysis to HDL cholesterol may 
 infact derive from alcohol consumption, if the sample 
-of subjects without coronary heart disease shows greater 
. underreporting of alcohol consumption than the sample 
+ of subjects with coronary disease. Again, incidence data 
..may add information on this subject. 

> Role of LDL versus HDL cholesterol: LDL and 
HDL cholesterol levels play important independent 
. roles in the multiple logistic regression. Figures 1 and 
2 give a visual presentation of the strengths of these 
„associations. When either lipoprotein cholesterol was 
_ considered alone, there was no distinct separation be- 
tween men with and without coronary heart disease. 
- Total cholesterol/HDL ratio as a summary of lipopro- 
- tein quantification did not lead to an obvious separation 





of the two groups (Fig. 3). Furthermore, the interpre- 
tation of these data was subject to the severe limitations 
of prevalence data. First, any modification of life styles 
subsequent to the development of clinical disease might 
influence lipoprotein cholesterol concentrations!9-?! in 
a favorable manner and would have the effect of re- 
ducing the strength of association. Also, adverse lipo- 


protein profiles may be more likely to lead to fatal dis- 


ease. Again, if this is true, the prevalence data would 
underestimate the true association of coronary heart 
disease and lipoprotein cholesterol levels. 

Clinieal implications: Other investigators have 
utilized lipoprotein summary statistics to show an as- 
sociation with coronary heart disease.?? We obtained 
results similar to those for total cholesterol/HDL ratie 
when the LDL/HDL ratio was used. In an effort to give 
the clinician a useful index to associate lipid values with 
coronary disease, the total cholesterol/HDL ratio has 
been used. Total cholesterol is easily measured, and with 
improved techniques and quality control the same will 
probably hold for nonresearch HDL cholesterol deter- 
minations in the near future.?? 
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BETTER THAN BAYER FOR 
GASTRIC TOLERANCE IN A 
SERIES OF 14-DAY STUDIES 


At two-tablet doses q.i.d. (twice the level appropriate 
for TIA) in a particular series of 14-day gastric toleranc 
studies utilizing a crossover design among 182 normal 
subjects, 49% suffered gastric upset from Bayer® 
Aspirin. Most of these reacting subjects took Bufferin 
without discomfort. — 


There is evidence that aspirin is safe and effec- 
tive for reducing the risk of recurrent transient 
ischemic attacks or stroke in men who have 
had transient ischemia of the brain due to fibrin 
platelet emboli. 

There is no evidence that aspirin is effective in 
reducing TIAS in women, or is of benefit in the 
treatment of completed strokes in men or women. 

Patients presenting with signs and symptoms of 
TIAS should have a complete medical and neuro- 
logic evaluation. Consideration should be given 
to other disorders which resemble TIAs. 

It is important to evaluate and treat, if appro- 
priate, other diseases associated with TIA’ and 
stroke such as hypertension and diabetes. 


The recommended Bufferin® dosage for TIA is 1296 
mg. a day (648 mg. twice a day of 324 mg. 
four times a day). 


BUFFERIN: A BETTER WAY 
- TO TAKE ASPIRIN WHEN 
LONG-TERM USE IS ADVISED 


For full aspirin benefits, plus excellent gastric tolerance 


your patients deserve Bufferin: the daily dosage aspi 


For complimentary samples of Bufferin, please write: 
Bufferin, PO. Box 65, Elizabeth, New Jersey 0 7207. 
Composition: Each Bufferin tablet contains aspirin 324 mg. and the 
antacid Di-Alminate® (Bristol-Myers brand of Aluminum Glycinate 
48.6 mg, and Magnesium Carbonate 97.2 mg). © 1980, Bristol-Myers C4 
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Your diagnosis depends o 











In noninvasive diagnosis, 


superior image quality provides Why are ATL images 
the greatest assurance of rapid and outstanding? 
reliable diagnosis, and maximum The images produced by the 
patient throughput. The ATL Mark III Mark III Cardiology System 
Cardiology System is 




















clearly demonstrate its ability: 
designed to routinely produce quality. We invite you 
provide ultrasound to examine the left ventricular 

images of this posterior wall. Notice the shar; 

outstanding resolution of the endocardial 

quality. surface enabling analysis of wi 
motion, wall thickness and left 
ventricular chamber size. By 
optimizing the gray scale distri 
bution curve, ATL images clear 
define the endocardium, epi- 
cardium and pericardium for 
your study. Further, the cardiac 
valves are accurately defined. 
And the cavities are clean and 
clearly imaged. 
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A systems approach to 


Although the Mark II! Cardiology 
System produces ultrasound 
images of outstanding quality, its 
clinical capabilities don't stop 
there.The system is also modular 
with the capability of being 
upgraded by addition of pulsed 
R Doppler flow detection. It is fully 
mobile for critical care exam- 
inations, and provides a choice 
of 3 MHz high resolution scan 
head for adult examinations or 
an optional 5 MHz scan head for 
neonatal use. 

Because of its superb digital 
scan conversion, the Mark III 
Cardiology System offers both 
2-D video format with an excel- 
lent freeze frame which is ECG- 
triggered and digital M-Mode. 
Also available is a new line scan 
recorder that makes excellent 
hard copy available for your 
records. 


lil 


Long axis view, parasternal window. Slight medial 
angulation reveals papillary muscles (arrow). 


LV=left ventricle. RVO=right ventricular outflow. 
Ao=aorta. LA=left atrium. 


MARK III CARDIOLOGY SYSIE 


World leader in clinical ultrasound a 


Consider the value /price/ 


When you compare image 
quality and other key benefits, 
you will find that the Mark III 
Cardiology System provides the 
most favorable value/price/ 
performance ratio in the field. 
For complete technical details, 
please contact your local ATL 
representative or call or write 
Advanced Technology 
Laboratories, Inc. 

13208 Northup Way 

Bellevue, WA 98005 

(206) 641-5410 

Cable ECHODOPLER 

TWX 910 443-2310 










perior image quality. ATL delivers. 
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Special offer. “Acoustic 


Windows’ wall chart. 
To help you see for yourself why 
ATL images are outstanding, we 
have prepared a wall chart, 


“Acoustic Windows—The Echo- 


cardiographic Examination, 
which we will be happy to supply 
you on request. 


Mark III 
Cardiology System 








Short axis of left ventricle from parasternal window 
cursor-triggered freeze 1 


LV=left ventricle. RV=right ver 
Arrow=ECG < 
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WE SEEK A CARDIOLOGIST 


The 615-bed Immanuel Medical Center is seeking a board certified or board eligible 
Cardiologist to practice in suburban Omaha. This attractive Opportunity includes both 
private consultation and hospital non-invasive and invasive work, including open heart 
management. The successful candidate will be named Associate Director of the rapidly 
expanding, fully-equipped Department of Cardiology. A stable economy, fine schools, 
recreational opportunities and major universities welcome the qualified physician who 
chooses to practice in Omaha. If interested, please contact Richard E. Collins, M.D., 
Director of Cardiology, (402) 571-1600, or Hans M. Link, President and Chief Execu- 
tive Officer, Immanuel Medical Center, 6901 North 72nd Street, Omaha, NE 68122. 
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Ena Immanuel Medical Center is an all-new 615-bed 
n health care complex including Hospital, Physi- 
cal Medicine and Rehabilitation Center, 

Community Mental Health Center, 

Alcoholism Treatment Center, 
Nursing Home, Center for 

Bin, : Continuing Education, 

NL Motel, and Physicians' 
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Saffola fights cholesterol 
better than 
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Higher in beneficial polyunsaturates. 
Contains no cholesterol. And tastes great. 


Saffola is beneficial as part of a fat modified diet to help reduce serum cholesterol. 
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TAKE A LOOK AT HONEYWELES NEW RECORDER 








If you're not seeing everything you expect from your 
present system, you should be looking at the LS-8—a 
totally new concept in presenting diagnostic information 
for echocardiography. 

It delivers crisp black and white echocardiograms 
that wont fade. Echocardiograms that are developed 
dry, without chemicals, and without any warm-up delay 
caused by speed changes. So you get an instant 
echocardiogram for immediate evaluation. 

And what an echocardiogram! Sharp and clear, 
with automatic intensity compensation for paper speeds 
from 5 to 100 mm/sec and the kind of high resolution 
and superior contrast that comes only from a wide and 
accurate gray scale range. Optional with direct print 
paper at 5 to 500 mm/sec. 

Specific application modules provide optimum 
performance in a wide variety of applications, including 


AND SEE WHAT YOU'VE BEEN MISSING 
IN ECHOCARDIOGRAMS. 


M-mode echo, video for real time, and B-scan. Other 
modules can interface with up to six physiological data 
channels and provide timelines. The 2 kHz frequency 
response of the data channels provides diagnostic- 
quality phonocardiography recordings. And since the 
LS-8 is convection-cooled, there's no fan noise, no 
acoustical interference on sensitive phonocardiography 
channels. 

Now add operation that's simpler than ever, a 
design that's quick and easy to service, and you have 
the LS-8, backed by the experience and expertise of 
people whose business is graphic recorder technology. 

Honeywell's new LS-8 Stripchart Recorder will 
deliver every bit of image quality your ultrasound system 
is capable of. Ask your echo system supplier. Or contact 
Bob Shipman, Honeywell Test Instruments Division, 
Dept. AJC, Box 5227, Denver, Colorado 80217, phone 
303/771-4700. 


WE'LL SHOW YOU A BETTER WAY. 


Honeywell 
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BRETYLOL 


(bretylium tosylate) 


Unique antifibrillatory-antiarrhythmic effect 
Unique mechanism of action 
Unique safety: no cardiac depression 


Bretylol’ (bretylium tosylate), the unique 

new antifibrillatory-antiarrhythmic, provides 
lifesaving effects in the suppression of life- 
threatening ventricular arrhythmias unresponsive 
to lidocaine. 


-See last page of this advertisement for prescribing information. ie 









BRETYLOL 


(bretylium tosylate): 





Lifesaving potential 








In refractory ventricular arrhythmias 


Unique antifibrillatory-antiarrhythmic effect 


Studies in laboratory animals demonstrate that 
Bretylol significantly raises the ventricular fibrillation 
threshold with a consistency and magnitude that ap- 
pears to be unique among antiarrhythmic agents! 

Bretylol (in conjunction with electrical cardio- 
version) frequently restores a normal sinus rhythm 
within minutes following intravenous injection in 
patients with ventricular fibrillation who have not 
responded to lidocaine. 

Bretylol often controls ventricular tachycardia and 
other life-threatening ventricular ectopic rhythms, 
even when recurrent or refractory to lidocaine. 

Clinically, Bretylol exhibits specific therapeutic 
effectiveness against refractory ventricular arrhyth- 
mias of various etiologies; for example, ventricular 
fibrillation and/or tachycardia associated with myo- 
cardial infarction?99.'? open heart surgery? ®'° and 
ischemic heart disease’ In one review of published 
experimental and clinical experiences with Bretylol!'! 
the authors state, "clinical experience indicates that 
bretylium (Bretylol®) is frequently effective in the 
acute control of recurrent ventricular tachycardia or 
fibrillation resistant to other antiarrhythmic drugs... 
(and)...response of refractory ventricular arrhyth- 
mias to bretylium has been impressive” 


Unique safety 


Unlike other antiarrhythmics, Bretylol does not de- 
press cardiac function or exert a negative inotropic 
effect? 

There are no reports of Bretylol causing toxicity to 
any of the organs, including liver, kidney, heart, bone 
marrow, blood or central nervous system. 


Therapy is generally well tolerated, and treatment 
is seldom discontinued because of adverse effects. 

Reductions in blood pressure (usually orthostatic) 
may occur as a result of adrenergic blockade. If the 
patient is kept supine, the reduction in blood pres- 
sure is not usually clinically significant. Serious 
supine hypotension can occur in a few patients. 
Moreover, hypotension sometimes observed with 
Bretylol is not necessarily increased when the 
dosage is increased. 


Unique cardiac effect 


In laboratory studies Bretylol demonstrates a posi- 
tive inotropic effect on the myocardium. Clinical 
reports confirm that Bretylol maintains cardiac out- 
put and does not depress myocardial function? 

Therefore, when used as an antiarrhythmic 
Bretylol should not interfere with the major thera- 
peutic goal in the M.I. or post-open heart patient— 
the preservation of cardiac function. 

It is recommended that the clinician consult the 
full prescribing information for dosage instructions 
and possible adverse effects prior to using Bretylol. 
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1. Bacaner, M., Am. J. Cardiol., 21:504-512, 1968. 
2. Bernstein, J.G. and Koch-Weser, J., Circulation, 45:1024-1034, 1972. 
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1971. 
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Bİ ETYLOL is 





Brief Summary of Prescribing Information 


CLINICAL PHARMACOLOGY — BRETYLOL (bretylium tosylate) suppresses ventricular 
fibrillation and ventricular arrhythmias. The mechanisms of the antifibrillatory and anti- 
arrhythmic actions of BRETYLOL are not established. In efforts to define these mech- 
anisms, the following electrophysiologic actions of BRETYLOL have been demonstrated 
in animal experiments: 


1. Increase in ventricular fibrillation threshold. 

2. Increase in action potential duration and effective refractory period without changes 
in heart rate. 

3. Little effect on the rate of rise or amplitude of the cardiac action potential (Phase 0) 
or in resting membrane potential (Phase 4) in normal myocardium. However, when cell 
injury slows the rate of rise, decreases amplitude, and lowers resting membrane poten- 
tial, BRETYLOL restores these parameters toward normal. 

4. Increase in impulse formation and spontaneous firing rate of pacemaker tissue as 
well as increased ventricular induction velocity. 


The restoration of injured myocardial cell electrophysiology toward normal, as well as 
the increase of the action potential duration and effective refractory period without 
changing their ratio to each other, may be important factors in suppressing reentry of 
aberrant impulses and decreasing induced dispersion of local excitable states. 

BRETYLOL has a positive inotropic effect on the myocardium, but it is not yet certain 
‘whether this effect is direct or is mediated by catecholamine release. 

BRETYLOL is eliminated intact by the kidneys. In various studies of BRETYLOL 
excretion, estimates of the terminal half-life have varied from about 5 to about 10 hours, 
with an even wider range in individual subjects (4 to 17 hours). Whether this represents 
true intrapatient variability or limitations of methodology remains to be determined. 


Effect on Heart Rate: There is sometimes an initial small increase in heart rate when 
BRETYLOL is administered, but this is an inconsistent and transient occurrence. 


Hemodynamic Effects: Following intravenous administration of 5 mg/kg of BRETYLOL 
to patients with acute myocardial infarction, there was a mild increase in arterial pressure, 
followed by a modest decrease, remaining within normal limits throughout. Pulmonary 
artery pressures, pulmonary capillary wedge pressure, right atrial pressure, cardiac index, 
stroke volume index, and stroke work index were not significantly changed. These hemo- 
dynamic effects were not correlated with antiarrhythmic activity. 


Onset of Action: Suppression of ventricular fibrillation is rapid, usually occurring within 
minutes following intravenous administration. Suppression of ventricular tachycardia and 
other ventricular arrhythmias develops more slowly, usually 20 minutes to 2 hours after 
parenteral administration. 


INDICATIONS — BRETYLOL is indicated in the treatment of life-threatening ventricular 
arrhythmias, principally ventricular fibrillation and ventricular tachycardia, that have failed to 
respond to adequate doses of a first-line antiarrhythmic agent, such as lidocaine or procain- 
amide. At this time, BRETYLOL should not be considered a first-line antiarrhythmic agent. 

Use of BRETYLOL should be limited to intensive care units, coronary care units or 
other facilities where equipment and personnel for constant monitoring of cardiac 
arrhythmias and blood pressure are available. 

Following injection of BRETYLOL there may be a delay of 20 minutes to 2 hours in 
the onset of antiarrhythmic action, although it appears to act within minutes in ventricular 
fibrillation. The delay in effect appears to be longer after intramuscular than after intra- 
venous injection. 


CONTRAINDICATIONS — There are no contraindications to use in treatment of ventri- 
cular fibrillation or life-threatening refractory ventricular arrhythmias. 
WARNINGS — Administration of BRETYLOL regularly results in postural hypotension. 
Some degree of hypotension is present in about 5096 of patients while they are supine. 
Hypotension may occur at doses lower than those needed to suppress arrhythmias. 


Patients should be kept in the supine position until tolerance to the hypotensive 


effect of BRETYLOL develops. Tolerance occurs unpredictably but may be present 
after several days. 





Hypotension with supine systolic pressure greater than 75 mm Hg need not be treated 
unless there are associated symptoms. If supine systolic pressure falls below 75 mm Hg, 
an infusion of dopamine or norepinephrine may be used to raise blood pressure. When 
catecholamines are administered, a dilute solution should be employed and blood pressure 
monitored closely because the pressor effects of the catecholamines are enhanced by 
BRETYLOL. Volume expansion with blood or plasma and correction of dehydration should 
be carried out where appropriate. à 

Due to the initial release of norepinephrine from adrenergic postganglionic nerve 
terminals by BRETYLOL, transient hypertension or increased frequency of premature ven- 
tricular contractions and other arrhythmias may occur in some patients. 

The initial release of norepinephrine caused by BRETYLOL may aggravate digitalis 
toxicity. When a life-threatening cardiac arrhythmia occurs in a digitalized patient, 
BRETYLOL should be used only if the etiology of the arrhythmia does not appear to be 
digitalis toxicity and other antiarrhythmic drugs are not effective. Simultaneous initiation 
of therapy with digitalis glycosides and BRETYLOL should be avoided. 

In patients with fixed cardiac output (i.e., severe aortic stenosis or severe pulmonary 
hypertension) BRETYLOL should be avoided since severe hypotension may result from 
a fall in peripheral resistance without a compensatory increase in cardiac output. If 
survival is threatened by the arrhythmia, BRETYLOL may be used but vasoconstrictive 
catecholamines should be given promptly if severe hypotension occurs. 


USE IN PREGNANCY — The safety of BRETYLOL in human pregnancy has not been 
established. 


USE IN CHILDREN The safety and efficacy of this drug in children has not been 
established. 


PRECAUTIONS — BRETYLOL should be diluted (one part BRETYLOL with four parts of 
Dextrose Injection, USP or Sodium Chloride Injection, USP) prior to intravenous use. 
Rapid intravenous administration may cause severe nausea and vomiting. Therefore, the 
diluted solution should be infused over a period greater than 8 minutes. In treating existing 
ventricular fibrillation BRETYLOL should be given as rapidly as possible and may be 
given without dilution. 

When injected intramuscularly not more than 5 ml should be given in a site, and 
injection sites should be varied since repeated intramuscular injection into the same site 
may cause atrophy and necrosis of muscle tissue, fibrosis, vascular degeneration and 
inflammatory changes. 

Since BRETYLOL is excreted principally via the kidney, dosage should be reduced in 
patients with impaired renal function. 


ADVERSE REACTIONS —Hypotension and postural hypotension have been the most 
frequently reported adverse reactions. Nausea and vomiting occurred in about three percent 
of patients, primarily when BRETYLOL was administered rapidly by the intravenous route. 
Vertigo, dizziness, light-headedness and syncope, which sometimes accompanied postural 
hypotension, were reported in about 7 patients in 1000. 

Bradycardia, increased frequency of premature ventricular contractions, transitory hyper- 
tension, initial increase in arrhythmias (see Warnings section), precipitation of anginal 
attacks, and sensation of substernal pressure have also been reported in a small number 
of patients, i.e., approximately 1-2 patients in 1000. 

Renal dysfunction, diarrhea, abdominal pain, hiccups, erythematous macular rash, flush- 
ing, hyperthermia, confusion, paranoid psychosis, emotional lability, lethargy, generalized 
tenderness, anxiety, shortness of breath, diaphoresis, nasal stuffiness and mild conjunc- 
tivitis, have been reported in about 1 patient in 1000. The relationship of BRETYLOL 
administration to these reactions has not been clearly established. 


HOW SUPPLIED—NDC 0094-0012-10: 10 mi ampul containing 500 mg bretylium 
tosylate in Water for Injection, USP. January 1980 
Please refer to complete prescribing information prior tc use. 


.i$.. American Critical Care 
32282:: (formerly Arnar-Stone Laboratories) 
::: — Division of 
American Hospital Supply Corporation 
McGaw Park IL 60085 
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The Sell-Out Syndrome 


+ ‘Never’ is a long time and so that 

. word probably shouldn't be used. 

-. But I’m tempted to say it in the face 

- Of so many other medical electronic 
firms selling out all around us. | 

. cannot believe that money really 

- means that much. 

<: In 1965 started Marquette 

. Electronics in a funny old building 

_ that had 1600 square feet of space. 

- linvested $7,500 and my partner 
-another $7,500. Life was an unbeliev- 
able struggle. Designs didn't work, 
the customer didn't pay, the money 
ran short, and | worked fifteen hours 
aday. My partner continued with 

- another p we had so we 

. could both eat. 

.. - Today Marquette is $22 million 

- in sales, 100,000 square feet of mod- 

. ern manufacturing facilities, some of - 
the best researchers in the business, 
_and world leadership in electro- 

- cardiography. 

— Every week someone contacts 
-me to ask if we would sell out, be 
acquired, merge or otherwise mess 
up our beautiful world of success. 
People suggest absolutely wild prices, - 
unbelievable benefits, and infer that 
if we won't budge, we'll be destroyed 
by the ‘giants’. 

_. Every month some company like 
ours is sold for those fancy prices to 
some overly profitable giant, and 
everyday | hear of the horrors from 
the guys who stick around for the 
‘bureaucratic onslaught. Ever day 
hear how the good old Yankee 
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entrepreneurial spirit is broken into 
millions of pieces by a conglomerate 
without spirit, heart or even an 
ability to get things done. - 
Of course there are special cir- 
cumstances that might necessitate 
a sell-out. The key guy dies. Some 
bad luck drains the financial resources 
dry. A competitor strikes a tough. 
blow or the government legislates 
you to your knees. And, yes, | know 
| can't be the chief executive for- 
ever, but does that mean we must sell 
out and destroy what we have struggl- 
ed to build over the most productive 
years of our lives? —. ooo 
These would be buyers tell me 
we need more money to keep up 
with research. Hog wash! | can’t pump 
money into our Engineering Depart- 


. ment of brilliant guys to make them ` 


invent or develop faster. We always _ 
seem to be ahead of our competition 
in innovation anyway, so how can 
more money make it happen  - 
better or faster? "ELA mgr es 

They say we'll need money for 
continued growth. But our profits. 
provide for our growth, and we grow 
25-35% a year and make suretostay . 
profitable so our bankers loan us the 
needed operating capital. They said. 
we'd need money for new facilities, 
yet our beautiful 100,000 square foot- 
plant was entirely financed by an. 
industrial bond issue. 

So what, then, are the alterna- 
tives? Just keep growing and going 
forever? We all get old in the end and 





we must make room for the young if 
| we wish to perpetuate our company 

and what it stands for. If we have kids 
that want to step in, that's fine, but 


they have to want to and they have to 
be every bit as talented and ambitiou; 


as anyone else. 


Our government has worked hard 
for many years to make the transfer 
of ownership in a company like ours 


-to our young talent almost impos- 


sible. They have set capital gain taxes, 


- gift taxes, income taxes and miscella- 


neous taxes of all kinds such that it's 


_ easy to go broke or go to jail if you 
ever get such a dumb idea, but we're 
going to try anyway. We're going to 

set our course for the next ten years 

so that we let the young, talented, 


capable guys in our company be- _ 
come major stockholders. And the 
stock will come from us...the old 
timers who must step back and have 
faith that someone else can carry on 
the work we're doing to advance the 
science of electrocardiography. 
Someday | may regret writing these 


words, Someday | may wish we didn't 
turn our backs on those big, juicy offer 
_ from the conglomerates, but | don't 


think so. And in these words may be 


_a lesson to others about what made _ 


this country and its industry great in 
the first place — and it surely wasn't 
going part way and then selling out 
to a devouring giant for the sake 


-of money. 


Michael J. Cudahy 
raue tte 
ec 


electronics inc. 
Milwaukee, WI, USA 
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Maneuvers that reflexly increase vagal tone were deployed to terminate : 
the tachycardia in 68 consecutive patients with paroxysmal supraven- x 
tricular tachycardia. The order and success rate of the protocol was as 
follows: 57 episodes were terminated with carotid sinus pressure alone - 
or after pretreatment with edrophonium, 5 were terminated with the | 
Valsalva maneuvers and 6 were terminated with phenylephrine. Potency _ 
testing showed that phenylephrine evoked the greatest increase in vagal 
tone. All cases demonstrated slowing of tachycardia ranging from 4010 
220 ms + standard error of the mean (mean 79.0 + 3.8 ms) followed by — 
abrupt termination. Pauses after termination ranged from 900 to 3,300 ; 
ms (mean 1,683.8 + 66.6) with 54 patients showing pauses of 2,000 ms 
or less. Termination was highly reproducible showing an overall success _ 
of 148 (92 percent) of 160 trials among 22 selected cases. The extent of - 
increased vagal tone needed to terminate paroxysmal supraventricular - 
tachycardia was raised by augmented sympathetic tone (infusion of © 
isoproterenol) and decreased by reduced sympathetic tone (pretreatment _ 
with propranolol). Thus, paroxysmal supraventricular tachycardia can 
be rapidly, safely and consistently terminated by maneuvers that reflexly | 
increase vagal tone. pa : s 


Maneuvers that increase vagal tone have been used to terminate par- 
oxysmal supraventricular tachycardia since at least 1913 and have gained. 
wide acceptance.!~!4 Termination of tachycardia by an increase in vagal 
tone not only is immediate but also may be a specific test for paroxysmal 
supraventricular tachycardia'*!? In contrast, other supraventricular. 
tachycardias such as sinus or ectopic atrial tachycardia, atrial flutter or 
atrial fibrillation usually show transient slowing of the ventricular rate, 
whereas ventricular tachycardia with rare exceptions shows no response 
to increased cardiac vagal tone.*7:15-17 In this study we report our ex- 
tricular tachycardia by a select group of maneuvers that reflexly enhance 
vagal tone B ee E 
This study was performed with several objectives in mind: (1) to es- 
tablish prospectively the success rate with which a f ixed protocol of. 
common vagal maneuvers terminates paroxysmal supraventricul 
tachycardia; (2) to assess the reproducibility of various vagal maneuve 
to terminate such tachycardia; (3) to measure the relative potency 
different vagal techniques to terminate such tachycardia; (4) to exam 
the behavior of such tachycardia preceding its termination with v 


maneuvers; (5) to establish the safety of these interventions; and 
















measure the effects of altered sympathetic activity on the potency 


vagal maneuvers used to terminate the tachycardia. —— 
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. VAGAL TERMINATION OF SUPRAVENTRICULAR TACHYCARDIA--WAXMAN ET AL. 


Methods 


Study Patients 


Sixty-eight consecutive patients with recurrent paroxysmal 
 supraventricular tachycardia were studied during spontaneous 
_ or induced episodes of tachycardia at the Toronto General 
. Hospital between 1972 and 1976. The patients ranged in age 
. from 14 to 74 (mean 42) years. The clinical cardiac diagnosis 
in the 68 patients was no cardiac disease (51 patients,) coro- 

nary artery disease (5), rheumatic valve disease (6), mitral 
valve prolapse (3) and Ebstein's anomaly of the tricuspid valve 
. (3). Thirty-three patients (group A) were seen in the Emer- 
 gency Department with established paroxysmal supraven- 
_ tricular tachycardia because the attending physicians there 
were unable to terminate the arrhythmia by maneuvers that 
increased vagal tone. In these patients there was generally only 
one opportunity to terminate the tachycardia unless a second 
episode started spontaneously. Of these patients, two were 


receiving oral digoxin (0.25 mg daily), three were receiving | 


propranolol (40 to 160 mg daily) and one was receiving quin- 
idine sulfate (800 mg daily). Thirty-five patients (group B) 
' were referred electively for electrophysiologic studies because 
they had had for many vears recurrent long-lasting attacks 
that posed diagnostic and therapeutic problems. Ín these 
patients all drugs were discontinued at least 3 days before the 
studies. During electrophysiologic studies multiple episodes 
-of paroxysmal supraventricular tachycardia were induced and 
^ terminated. 
Features of the tachycardia: In all patients the features 
of the tachycardia met criteria that suggested it involved or 
was confined to the atrioventricular (A-V) node.19-22 The 
characteristics of the attacks were: (1) sudden onset and 
sudden offset; (2) the QRS configuration during the tachy- 
cardia was identical to that during sinus rhythm except for 
-cases with rate-related aberration or cases with overt Wolff- 
Parkinson-White preexcitation syndrome, In the latter group 
the QRS configuration during tachycardia was either nor- 
malized and identical to His bundle escape beats or aberrant 
inarate-related manner!52324 (3) the heart rate ranged from 
140 to 220 beats/min; (4) the atria and ventricles were always 
fixed in a 1:1 ratio; and (5) surface P waves either were not seen 
because they were inscribed simultaneously with the QRS 

complexes or, when seen, were confined to the proximal por- 
tion of the S- T segment. 

Patients in group B (35 cases) underwent electrophysio- 
logic studies and the following additional criteria suggested 
that the A-V node participated in the tachycardia: (1) the 

¿attacks could easily be initiated by single early premature 


atrial stimuli that conducted with a critically prolonged A-V- 


nodal conduction time”; (2) attacks could be terminated by 
4 single well timed atrial stimulus”>*6; (3) atrial electrograms 
showed that atrial depolarization in all cases occurred either 
coincident with the QRS complex or within the proximal 
portions of the S-T segment and the direction of depolariza- 
tion was always retrograde?!27-39 and (4) a His bundle po- 
tential preceded the QRS complexes with an H-V interval 
‘range of 40 to 55 ms. | 

— These cases could be further subdivided into those that 
involved an overt or concealed lateral accessory A-V pathway 
and those that did not.?9.?5 Participation of a lateral accessory 
A-V pathway (overt or concealed) in the tachycardia circuit 
was based on the following two criteria: (1) Eccentric retro- 
grade atrial activation sequence followed each QRS complex 
during tachycardia,???? and (2) spontaneous disappearance 
of functional bundle branch block during the tachycardia was 
accompanied by simultaneous acceleration of the tachycardia 


that was traceable to a reduced ventriculoatrial interval 31-33 
Of the 35 patients in group B, the tachycardia circuit was 
confined to the A-V node in 12 and involved a bypass tract in 
23. 


Study Protocols Pertinent to ail Patients 


Order of vagal maneuvers: In all 68 patients termination 
of tachycardia was attempted by one of us (M.B.W.) in the 
following consistent order: (1) single applications of left or 
right carotid sinus pressure; (2) multiple applications of uni- 


. lateral carotid sinus pressure; (3) carotid sinus pressure after 


pretreatment with the anticholinesterase edrophonium hy- 
drochloride (Tensilon®), 5 to 10 mg intravenously; (4) Valsalva 
maneuver; (5) Valsalva maneuver after pretreatment with 


edrophonium, 5 to 10 mg intravenously; and (6) phenyleph- 


rine, 0.1 to 1.0 mg intravenously. In each case the protocol wis 
pursued until the tachycardia was terminated. This meant 
that the different methods were not tried with equal frequency 
during the performance of the initial protocol. For example, 
carotid sinus pressure was tried in all 68 patients whereas 
phenylephrine, the last intervention in the sequence, was tried 
in only 6 patients after all previous maneuvers had failed. In 
all subsequent studies the patients were categorized by the 
vagal maneuver that first terminated the tachycardia during 
this initial protocol. ^ 

The interval between the last QRS complex of the tachy- 
cardia and the first subsequent sinus conducted complex was 
measured to the nearest 50 ms interval. When several termi- 
nations were performed in a particular patient, the arithmetic 
mean of the pauses was used. Slowing of tachycardia before 
termination was determined by measuring the prolongation 
in cycle length from the control value to the last cycle of the 
tachycardia to the nearest 10 ms using high speed or magnified 
tracings. When several terminations were analyzed in the same 
patient, the arithmetic mean of these determinations was 
used. 

Techniques of vagal maneuvers: In all patients, carotid 
sinus pressure was applied in a standard manner.!?4^ With the 
patient supine and the head hyperextended, the sinus (right 
or left) was compressed for 1 to 5 seconds using steady pres- 
sure rather than massage because the former is more repro- 
ducible in our hands. Valsalva maneuvers in patients in group 
A were not quantitated and consisted of a maximal strain held 
for 10 seconds. During Valsalva maneuvers performed by 
patients in group B, oral pressure was displayed on a ma- 
nometer in full view of the patient, who was asked to maintain 
a constant pressure of 30 to 60 mm Hg for 5 to 10 seconds.25 
To prevent the patient from closing the glottis and generating 
oral pressure only, a small leak was introduced into the system. 
This obliged the patient to keep the glottis open during the 
strain phase, thus equilibrating intrathoracic and oral pres- 
sures.*° Edrophonium hydrochloride, 5 or 10 mg, was ad- 
ministered as an intravenous bolus dose and either carotid - 
sinus pressure or a Valsalva maneuver was performed 30 
seconds later, at a time when the patient subjectively expe- 
rienced some of the muscarinic and nicotinic actions of this 
drug.? Phenylephrine was administered as repeated intrave- 
nous bolus injections starting with 0.1 mg and increasing this 
dose in increments of 0.1 to 0.2 mg. The maximal dose ad- 
ministered was limited by the peak systolic pressure not being 
allowed to exceed 180 mm Hg. Blood pressure was measured 
at 15 second intervals in patients in group A and continuously 
in group B patients using an intraarterial line. After each dose 
of phenylephrine sufficient time was allowed to elapse for the 
blood pressure to return to the control value before the sub- 
sequent dose was administered. 
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sdy Protocols in Patients in Group B 
Electrophysiologic studies: The 35 patients in group B 
inderwent intracardiac electrophysiologic studies. His bundle 
lectrograms, high and low right atrial electrograms and low 
t atrial electrograms (recorded either from a catheter in- 
ed into the left atrium through a probe-patent foramen 
- or from the distal coronary sinus) were monitored. The 
juence of atrial activation was determined during the 
achycardia and compared with that during sinus rhythm 25-99 
The right atrium was paced using right atrial pacing elec- 
-< trodes. Paroxysms of supraventricular tachycardia were ini- 
. tiated by scanning the entire diastole at intervals of 5 to 10 ms 
first with a single, then (if necessary) with multiple atrial 
- stimuli.?6 Once supraventricular tachycardia was induced it 
iss was allowed to stabilize for 5 minutes, and at this point the 
< protocol for termination was begun. During these studies the 
- surface electrocardiogram, beat to beat heart rate, intraarterial 
blood pressure and oral pressure generated during the Val- 
. salva maneuver were continuously recorded. 
- -Reproducibility studies: To study the reproducibility of 
-tachycardia termination with each vagal intervention, nu- 
merous episodes were induced in 22 selected patients. The 
following protocols were carried out: (1) single applications 
of carotid sinus pressure to terminate 10 episodes of parox- 
ysmal supraventricular tachycardia in each of 10 patients (100 
trials); (2) single applications of carotid sinus pressure to 
.. terminate 5 episodes of tachycardia in each of 5 patients after 
"pretreatment with edrophonium hydrochloride, 10 mg in- 
travenously (25 trials); (3) Valsalva maneuvers (40 mm Hg 
strain for 10 seconds) to terminate 5 episodes of tachycardia 
in each of 3 patients (15 trials); and (4) phenylephrine (min- 
-imal dose) to terminate 5 episodes of tachycardia in each of 
-. 4 patients (20 trials). Whenever a given episode failed to ter- 
minate with a particular intervention, the intervention was 
counted as a failure and the tachycardia was terminated with 
atrial pacing. In the patients undergoing these trials the 
tachycardia had originally: been converted with the inter- 
vention being tried. | 
` Potency studies: The relative potency of different vagal 
| maneuvers was determined by finding and comparing the 
minimal dose of phenylephrine and corresponding pressor 
effect needed to terminate paroxysmal supraventricular 
tachycardia in (1) 15 patients whose tachycardia terminated 
with a single application of carotid sinus pressure; (2) 9 pa- 
tients whose tachycardia terminated with carotid sinus 





.. FIGURE 1. Success rate of termination of paroxysmal 
supraventricular tac dia by different vagal maneu- 
rs. The order of interventions along the abscissa cor- 
ids to the protocol followed. The initial figure rep- 
5 the number of patierits submitted to any particular 
nd the figure in parentheses denotes the 
ie tachycardia was terminated by each re- 
uver. For example, in 25 of 68 patients, 
is terminated by a single application of 
tid sint ge (CSM) or pressure. In 57 of the 68, 
tachycardia was terminated by single or multiple 
lications of carotid sinus pressure with or without 
C> edrophonium. in 5 of 11 patients the tachycardia re- 
-. sponded to a Valsalva maneuver with or without edro- 
:.. phonium. In six of six patients the tachycardia was ter- 
. -minated with phenylephrine. 
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pressure after administration of edrophonium; (3) 3 patient 
whose tachycardia terminated with a Valsalva maneuver; and 
(4) 4 patients whose tachycardia terminated only after ad 
ministration of phenylephrine. E: 
Effects of background sympathetic activity: Eight pa 
tients from group B were examined under various conditions: =- 
of sympathetic activity. Four patients who responded to ca- 
rotid sinus pressure and four who responded only to phenyl- 
ephrine were selected. In the first four the rate of the tachy 
cardia and the minimal dose of edrophonium needed to ter 
minate it was determined during control conditions and after _ 
attainment of a new steady state with an isoproterenol infu- 
sion (2 ug/min intravenously). Edrophonium, used because _ 
it is a relatively pure vagal stimulant,>° was administered as. 
intravenous bolus injections in sequentially increasing doses. s 
of 5, 10, 15 and 20 mg until the tachycardia terminated. Suf- _ 
ficient time was allowed between consecutive doses to allow ' 
the heart rate to return to the control level and any subjective _ 
symptoms to disappear. In the four patients who required . 
phenylephrine for termination of tachycardia, the minimal . 
dose of phenylephrine required to terminate supraventricular _ 
tachycardia before and 10 minutes after partial beta adren- 
ergic blockade with propranolol (0.07 mg/kg intravenously) . 
was determined. - ! E 
Effects of parasympathetic blockade: Eight other pa- 
tients from group B were examined before and after partial. 
vagal blockade with atropine, 1.2 mg intravenously. Four of . 
these patients were from among those whose tachycardia . 
terminated with carotid sinus pressure, two had responded 
to a Valsalva maneuver and two to phenylephrine. Termina- | 
tion of tachycardia by these maneuvers was documented and - 
then retested 5 minutes after administration of atropine, 1.2... 
mg intravenously. : vx 
The purpose and methods of study were carefully explained _ 
and verbal and written consent were obtained from each ' 
participant. : eS 





Results 


Overall response: The success rate of the various | 
vagal maneuvers in terminating paroxysmal supra- _ 
ventricular tachycardia is shown in Figure 1. Tachy- | 
cardias in all 68 patients could be terminated by the _ 
protocol. Among the 68 patients, the tachycardia re- 
sponded to a single application of carotid sinus pressure . 
in 25 and to multiple applications of carotid sinus | 
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pressure in an additional 8. Among the remaining 35 
patients, 24 episodes of tachycardia were terminated by 
carotid sinus pressure applied after pretreatment with 
edrophonium, 5 to 10 mg. Thus, in 57 of 68 patients, 
paroxysmal supraventricular tachycardia was termi- 
nated by carotid sinus pressure with or without injection 
of edrophonium. Carotid sinus pressure caused a de- 
crease in arterial blood pressure that provided a semi- 
quantitative measure of the extent and duration of the 
application.?77? After edrophonium, the extent of ca- 
rotid sinus pressure needed to terminate paroxysmal 
supraventricular tachycardia as judged by the degree 
and duration of decrease in blood pressure was consid- 
erably less than that during the original application of 
carotid sinus pressure that failed to terminate the 
tachycardia (Fig. 2). 

Among the remaining 11 patients who did not re- 
spond to carotid sinus pressure, the tachycardia was 
terminated by Valsalva maneuvers in 5 patients several 
seconds after release of the strain and coincident with 
the hypertensive phase (Fig. 3). Three of the six patients 
whose tachycardia could not be terminated by a Val- 
salva maneuver were in group A, and we were thus un- 
able to determine the reason for failure; the other three 
patients could not maintain a strain above 22 mm Hg 
and thus an insufficient overshoot in blood pressure was 
produced. Phenylephrine in doses ranging from 0.1 to 
0.6 mg terminated paroxysmal supraventricular 
tachycardia in all six remaining patients (Fig. 4). 

Reproducibility of termination of paroxysmal 
supraventricular tachycardia: Once a specific vagal 
maneuver was found to terminate paroxysmal supra- 
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FIGURE 2. Case 1. Lead V4, beat to beat heart rate (HR) in beats/min 
- (B/M) and blood pressure (BP) in mm Hg, recorded during normal sinus 
= rhythm (NSR) (left panel) and during supraventricular tachycardia (PAT) 
, (middle and right panels). The extent and duration of carotid sinus 
- massage (CSM) or pressure in each panel could be assessed semi- 
quantitatively by the degree of reduction in blood pressure. During sinus 
rhythm, carotid sinus pressure decreased blood pressure and transiently 
slowed the rate of tachycardia. During control conditions, supraven- 
tricular tachycardia (middle panel) was not terminated with carotid sinus 
pressure alone. A vigorous application of carotid sinus pressure de- 
creased blood pressure considerably and transiently slowed, but did 
not end, the tachycardia. After pretreatment with 10 mg of edrophonium 
(EDROPH) (right panel), the rate of tachycardia was slower. A smaller 
application of carotid sinus pressure again lowered blood pressure, 
slowed the tachycardia and restored sinus rhythm. 


ventricular tachycardia successfully in a particular 
patient, this observation was subsequently demon- 
strated to be highly reproducible. A single application 
of carotid sinus pressure terminated 92 (92 percent) of 
100 episodes of tachycardia in 10 patients; 24 (96 per- 
cent) of 25 episodes after pretreatment with edropho- 
nium in 5 patients; a Valsalva maneuver terminated 12 
(80 percent) of 15 episodes in 3 patients; and phenyl- 
ephrine terminated 20 (100 percent) of 20 episodes of 
in 4 patients. The overall success rate was 147 (92 per- 
cent) of 160 trials. 

Relative potency of different vagal techniques: 
Use of the amount of phenylephrine and the pressor 
response as a measure of the degree of vagal stimulation 
required to terminate the tachycardia revealed signif 
cant differences among the various patient groups 
identified with the initial protocol (Fig. 5). Fifteen pa- 
tients who originally responded to a single application 
of carotid sinus pressure required a mean dose of 
phenylephrine of 0.15 + 0.02 mg to terminate their 
tachycardia; nine patients whose tachycardia termi- 
nated with carotid sinus pressure and edrophonium 
required a mean dose of 0.26 + 0.02 mg of phenyleph- 
rine; three who responded to a Valsalva maneuver re- 
quired a mean dose of 0.42 + 0.04 mg of phenylephrine; 
and four who responded only to phenylephrine required 
an average dose of 0.50 + 0.07 mg of the drug to stop the 
tachycardia. The corresponding average pressor re- 
sponses were 16.8 + 0.7, 26.1 + 1.7, 36.7 + 1.7 and 56.3 
+ 5.0 mm Hg, respectively. 

Behavior of paroxysmal supraventricular 
tachycardia before termination: In all patients, 
paroxysmal supraventricular tachycardia always ex- 
hibited some slowing before termination and then 





FIGURE 3. Case 2. Lead Ve, beat to beat heart rate (HR), blood pressure 
(BP) and Valsalva pressure (VP) recorded during two consecutive epi- 
sodes of supraventricular tachycardia. The left and right panels show 
Valsalva pressures of 40 and 60 mm Hg, respectively. During the strain 
the peak and pulse pressure decteased. Several seconds after release 
of the strain, blood pressure rose above contro! level, the tachycardia 
slowed and then terminated. 
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` FIGURE 6. Case 4. Lead Ve and beat to beat heart rate (HR) recorded 
*: during an episode of supraventricular tachycardia. Four applications 


_ of carotid sinus massage (CSM) (pressure) are shown. The first three | 


- applications produced slowing without termination and the tachycardia 
resumed its control rate in several seconds. The fourth application finally 
| terminated the tachycardia. 


-abruptly converted to sinus rhythm (Fig. 6). The slow- 
. ing ranged from prolongation of the cycle length by 40 
to 220 ms (mean 79.7 + 3.8). In 8 patients the cycle 
length was prolonged by more than 100 ms while 60 
showed cycle length prolongation of 100 ms or less. 
Transient slowing was also seen when vagal maneuvers 





failed to terminate the tachycardia (Fig. 2 and 6). 
Slowing of tachycardia coincided with (1) the hypo- 
tensive phase during carotid sinus massage (Fig. 2), (2) 
the onset of hypertension after release of the Valsalva 
strain (Fig. 3) and (3) the onset of hypertension after 
phenylephrine (Fig. 4). In all but one patient, the 
tachycardias consistently stopped without passing 
through a phase of anterograde or retrograde block. In 
one exception, a patient whose tachycardia was confined 
to the A-V node, occasional episodes of tachycardia 
terminated by vagal maneuvers passed through a phase 
of A-V block before conversion (Fig. 7, bottom), al- 


`- though most episodes did not (Fig. 7, top). 


Termination of paroxysmal supraventricular 
tachycardia with aberrant conduction: Two of the . 
68 patients had permanent left bundle branch block and 


in both the QRS configuration was identical during 


sinus rhythm and during paroxysmal supraventricular 
tachycardia. In eight patients, rate-related right (three 
patients) or left (five patients) bundle branch block was 
present during paroxysmal supraventricular tachy- 
cardia. In each of these, termination of the tachycardia 
by an increase in vagal tone slowed the tachycardia 
sufficiently to eliminate the rate-related bundle branch 
block for one or more cycles before termination (Fig. 8), 
provided the maneuver was not applied too abruptly. 

Pause after termination of paroxysmal supra- 
ventricular tachycardia: The pause after termination 
of tachycardia ranged from 900 to 3,300 ms (mean 1683 
i 66.6). In 55 patients the pause was 2,000 ms or less and 
in 13 it exceeded 2,000 ms. In three patients the pause 
was greater than 3,000 ms, the longest pause being 3,300 
ms. There were no secondary pauses that exceeded the 
initial pause. 
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FIGURE 7. Case 5. Simultaneous recording of leads Il (L2) and Ill (L3) and a ri 
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ght atrial electrogram (RAE). The first episode of tachycardia (top) 


is terminated by carotid sinus massage (CSM) (pressure) without passing through a phase of antecedent atrioventricular block. The second episode 
of tachycardia (bottom) is terminated by carotid sinus pressure but passes through a phase of atrioventricular block before terminating. Note the 


retrograde P waves in the surface leads. 
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.. FIGURE 8. Case 6. Recording of lead | (L1) at 25 mm/s. Strips 1 to 5 
record five consecutive episodes of paroxysmal supraventricular 
-tachycardia with rate-related left bundle branch block. Several minutes 
-separate each episode. Strips 5, 6 and 7 are continuous. Strips 1to 5 
< show the effects of progressively lighter applications of carotid sinus 
pressure. The stars denote the last beat of tachycardia. In strips 1 to 
3 the intensity of carotid sinus pressure was so great that the tachy- 
cardia terminated before sufficient slowing had occurred and the last 
beat of tachycardia shows left bundle branch block. In strip 4 a lighter 
application of carotid sinus pressure slowed the tachycardia sufficiently 
-before its interruption to eliminate the bundle branch block in the last 
- complex. In strip 5, an even lighter application of carotid sinus pressure 
slowed but did not terminate the tachycardia and eliminated left bundle 
- branch block beginning with the beat with the dot. In strip 7 a final ap- 
 plication of carotid sinus pressure terminated the tachycardia. 


. Effect of background sympathetic tone on vagal 
termination of paroxysmal supraventricular 


ure of termination of paroxysmal supra- 
alar tachycardia after vagal blockade: At- 
mg intravenously, was administered to eight 
sd randomly from group B. A subsequent 
hycardia could no longer be terminated 
yr transiently slowed in any of the patients by the vagal 

euvers utilized in this study. 


Discussion 


"This study examined a fixed protocol consisting of 
arotid sinus pressure, Valsalva maneuver and admin- 
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FIGURE 9. Effect of isoproterenol infusion on the minimal dose of 
edrophonium needed to terminate paroxysmal supraventricular — : 
tachycardia in four cases during control condition and during an infusion = 
of isoproterenol 2. ug/min. In each case the dose of edrophonium  __ 
needed to terminate the tachycardia during infusion of isoproterenol 
was higher than during the control period. E 


istration of phenylephrine for terminating paroxysmal. 
supraventricular tachycardia in 68 patients. The pro- 
tocol was chosen because it was well suited to adult 
patients and allowed semiquantitative grading of po- 
tency. All 68 consecutive cases of paroxysmal supra- 
ventricular tachycardia could be terminated by at least 
one of the methods used, a finding in accordance with 
data from other reports”*.>,4°-# citing success rates of 
50 to 100 percent using similar vagal maneuvers. Be- 
cause we did not randomly assign matched patients to - 
each intervention category, we cannot compare the 
success rate of the individual maneuvers relative to each 
other. i l 


; | POST 
CONTROL PROPRANOLOL 
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FIGURE 10. Effect of pretreatment with propranolol, 0.07 mg/kg l 
travenously, on the minimal dose of phenylephrine and incremen 


blood pressure (ABP) needed to terminate supraventricular tachycal 


in four cases. The amount of phenylephrine and the increase in bl 
pressure required to terminate each case was greatly reduced 
propranolol. 





Relative vagal potency of various maneuvers: 
Potency testing suggested that administration of 
phenylephrine was the most potent vagal maneuver. 
When phenylephrine was used as a standard it was 
. found that patients who originally belonged in this 
category required a larger dose of this pressor agent and 
. higher blood pressure elevation to terminate their 
. tachycardia than patients whose tachycardia could be 


terminated by carotid sinus pressure or the Valsalva 
. maneuver. Similarly, it was found that the Valsalva 


maneuver was more potent than carotid sinus pressure. 
Other workers have also found that vasopressor therapy 
_ is the most potent vagal maneuver in terminating par- 
 oxysmal supraventricular tachycardia, with a suc- 
.cess rate approaching 100 percent in some re- 
. ports, 9:9:842-44 
— . These potency results may reflect several factors: (1) 
The duration of baroreceptor stimulation by the dif- 
ferent maneuvers is variable. Carotid sinus pressure 
provided the shortest period of stimulation (1 to 5 sec- 
- onds), whereas the pressor action of phenylephrine, 
_ which stimulated baroreceptors, was long-lasting. The 
-duration of the Valsalva hypertensive phase was in- 
_ termediate. (2) The baroreceptors stimulated are dif- 
_ ferent. Carotid sinus pressure provided unilateral ca- 
-rotid baroreceptor stimulation, which reduces sympa- 
thetic tone, thus leading to a decrease in blood pres- 
sure.37-394546 This decrease in blood pressure is sensed 
by the aortic baroreceptors and the contralateral carotid 
sinus, tending to cause vagal tone withdrawal. De- 
pending on the relative time constants and extent of 
these effects, variable net increments in vagal tone will 
be produced by carotid sinus pressure or massage. The 
Valsalva maneuver and administration of phenyleph- 


rine increase blood pressure and thus stimulate all 


- baroreceptor sites. (3) The method of application leads 
to variable intensity of stimulation. Carotid sinus 
pressure or massage is dependent on accurate location 
of the carotid sinus and the duration and force of com- 
pression. The Valsalva maneuver is limited by the ex- 
„tent of strain the patient can perform. However, phen- 
-ylephrine can be given in incremental doses until a 
pressor response sufficient to terminate the tachycardia 
chas been administered. 2 s 

. Slowing of tachycardia before termination: 
Slowing of paroxysmal supraventricular tachycardia 
before its termination has previously been de- 


; Scribed?225533 and was seen in each case in our study. 


. The observation is consistent with studies on vagal 
„nerve stimulation, which prolongs the P-R interval at 
-low intensities of stimulation and causes A-V block at 
-high levels of stimulation.1949? The slowing has at least 
four broad clinical applications: (1) The extent of 
slowing of tachycardia can be used to study vagal ma- 
neuvers in a dose-dependent fashion similar to other 
antiarrhythmic interventions. (2) Vagal maneuvers 
producing transient slowing without termination may 
lead to a mistaken diagnosis of sinus tachycardia (Fig. 
6). (3) The absence of any slowing suggests that the A-V 
node is not part of a tachycardia circuit or that mus- 
carinic blockade is present.®° (4) Sufficient slowing of 


tachycardia allows cases with associated rate-related 
bundle branch block to normalize for one or more cycles 
before termination. This is of diagnostic importance 
because some episodes of ventricular tachycardia may 
terminate after potent vagal maneuvers.!&17,51 In the 
case of ventricular tachycardia the abnormal QRS 
configuration remains until sinus rhythm is restored. 
Depending on the rate of tachycardia, the extent of 
slowing and the refractory period of the bundle 
branches, an episode of paroxysmal supraventricular 
tachycardia with rate-related aberration can terminate 
without a phase of normalization (Fig. 8). To maximize 
the chances of normalization a given vagal maneuver 
should be applied gently. $ 

Role of sympathetic tone: Enhanced background 
sympathetic tone may increase the level of vagal tone 
needed to terminate paroxysmal supraventricular 
tachycardia. Sympathetic neural tone and sympathetic 
agonists shorten the refractory properties of A-V nodal 
cells, speed conduction across this region, and attenuate 
the effects of the vagus nerve on this region.1951-55 An 
increase in sympathetic tone simulated by an infusion 
of isoproterenol increased the dose of edrophonium, a 
relatively pure vagal stimulant, needed to terminate 
paroxysmal supraventricular tachycardia. Similarly, 
withdrawal of the effects of sympathetic tone by pre- 
treatment with propranolol greatly facilitated termi- 
nation of tachycardia by phenylephrine. Thus, there is 
an active interplay between the background sympa- 
thetic tone and the increase in vagal tone required to 
terminate paroxysmal supraventricular tachycardia. 
The cases of tachycardia terminated by phenylephrine 
required the most potent vagal stimulation, possibly 
because of a high level of background sympathetic tone. 
The hypotensive effects®® and the anxiety?" produced 
by paroxysms of tachycardia probably elevate sympa- 
thetic tone thereby increasing the rate of tachycardia 
and rendering vagal termination difficult. Apart from 
drugs that specifically reduce sympathetic tone or en- 
hance vagal tone, reassurance, sedation and the re- 
cumbent position may exert similar effects and hence 
facilitate termination of tachycardia.!8 

Complications of vagal maneuvers: In terminating 
paroxysmal supraventricular tachycardia in these 68 
patients no complications were encountered. Asystole 
and ventricular fibrillation would be the most serious 
complications expected and have previously been re- 
ported to occur as a side effect of vigorous carotid sinus 
pressure or massage or edrophonium administra- 
tion.55-8? The safety of vagal maneuvers in comparison 
with other means of tachycardia termination remains 
to be defined. The longest pause was 3.3 seconds and in 
most cases (54 of 68) the pauses were 2 seconds or less. 
These short pauses following termination of paroxysmal | 
supraventricular tachycardia may reflect the relatively 
young age (average 42 years) of these patients, the lack 
of sinus nodal and A-V nodal disease, and the graded 
application of more potent techniques used to increase 
vagal tone. The brevity of the pauses probably accounts 
for the absence of any serious side effects in our patient 
series. 
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Causes of failure of vagal maneuvers: We have 
hown that vagal maneuvers are highly effective, re- 
yroducible and safe in the termination of paroxysmal 
upraventricular tachycardia. When vagal techniques 

] to terminate paroxysmal supraventricular tachy- 
rdia several factors may be operative: (1) There may 
improper application of carotid sinus pressure by the 
yysician or an insufficient effort at performing a Val- 
alva maneuver by the patient. (2) The extent of vagal 











 s$ponsiveness to these neural influences? and the 
background level of sympathetic tone may increase the 
-level of vagal tone required.5*55 (3) There may be an 
‘insufficient increase in vagal tone produced by a given 
“amount of baroreceptor stimulation either directly by 
carotid sinus pressure or by maneuvers or drugs that 
elevate blood pressure.®° (4) The extent of vascular re- 
activity in response to maneuvers that increase blood 
- pressure may be variable. 
" Therapeutic implications: The type and order of 
. vagal maneuvers that constitute the initial protocol of 
this study should not be construed to represent a rec- 
ommended therapeutic approach in the clinical setting. 
Because various combinations and permutations of 
these and other maneuvers were not compared with 
`- each other, we are not in a position to offer such a rec- 
.. ommendation. It may be expected that the type and 
order of vagal maneuvers chosen will reflect the pa- 
tient's age, ability to cooperate, hemodynamic status, 
background cardiac condition and the clinician's pref- 
erence and experience. For instance, infants and chil- 
dren may be upset by carotid sinus pressure and may 
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. and sympathetic innervation of the A-V node,?itsre- ^ reduce sympathetic tone, such as propranolol, or en 
















be unable to cooperate to perform a Valsalva maneuve 
whereas phenylephrine would be free of side effects. By 
contrast, phenylephrine or other pressor agents shoulc 
not be used or used only with caution in hypertensive 
patients. Other vagal maneuvers such as gagging and 
facial immersion may also be tried prior to the use of. 
intravenous agents.11241-56 Physiologic procedures E 
such as the Valsalva maneuver should probably precede... 


administration of pharmacologic agents. Drugs tha 
hance vagal tone, such as digitalis,5 may be adminis 
tered if necessary. = = = | E 
8 patients, the tachycardia terminated . 
without resort to drug manipulation (with carotid sinus . 
pressure in 33 and with the Valsalva maneuver in3),and - 
this effect was highly reproducible. Proper selection of | 
patients for instruction in the use of carotid sinus: 
pressure or the Valsalva maneuver might enable them: 
to perform self-termination of episodes of tachycardia _ 
without requiring antiarrhythmic drugs or hospitali- - 
zation. One must concede that the high success rate . 
demonstrated may not easily be replicated by patients. 
under conditions of stress. However, it is likely that oral 
therapy with antisympathetic drugs like propranolol, | 
or enhancement of vagal tone by digitalis" will increase _ 
the ease of termination and success. - : 


In 36 of the 68 pà 
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. Importance of Initial Length of Effective Refractory Period of e 
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^ HEIN J. J. WELLENS, MD, FACC | The effect of procainamide, quinidine, ajmaline and amiodarone on the | 
FRITS W, BÄR, MD — 07 effective refractory period of the accessory pathway in the (A-V) antero- o 
. WILLEM R. M. DASSEN, PhD . grade and retrograde directions was studied in relation to the length of | 
, PEDRO BRUGADA MD. ^. 5 i this period before drug administration. All patients had the Wolff-Par- - 
| : SOKO MEME MOT. EE kinson-White syndrome and were studied with intracavitary recordings - 
x UHRRUS UU TD ne ERD and programmed electrical stimulation of the heart using identical basic — 
Maastricht, The Netherlands cycle lengths and test stimulus intervals before and after drug adminis- - 

| CE PC | tration. The patients were separated into two groups, those in whom the - 
effective refractory period of the accessory pathway was 270 ms or. 

greater (Group 1) and those in whom it was less than 270 ms (Group 2). 

In the anterograde direction the magnitude of increase in the length of the 

effective refractory period of the accessory pathway after drug admin- 

istration was related to its initial length. Only modest lengthening of this- 

period could be accomplished in patients with an initially short period. | 

in evaluating the effect of drugs in patients with the Wolff-Parkinson-White _ 

syndrome, the role of the initial length of the effective refractory period - 

of the accessory pathway should be considered. | 


Several investigators ° have reported on the effect of various drugs on. 
the duration of the refractory period of the accessory pathway in patients. 
with the Wolff-Parkinson-White syndrome. However, the significance 
of the initial value of the duration of the refractory period of the acces- 
sory pathway on the effect of subsequent drug administration, has not. 
been studied. In this report we describe the effect of procainamide, 
quinidine, ajmaline and amiodarone on the duration of the refractory. 
period of the accessory pathway in the anterograde and retrograde di- 
rections in relation to the initial duration before drug administration. 


. Methods 


Patients: Fifty-nine patients were studied. Their ages ranged from 7 to 54 
years; 40 were male and 19 female. In 19 patients the accessory pathway was. 
located between the right atrium and right ventricle and in 40 patients betwee n 
the left atrium and left ventricle. Patien whose accessory pathway was located: 


in the interventricular septum were excluded because in this condition retrogra i 
conduction over the accessory pathway is difficult to differentiate from th 
through the atrioventricular (A-V) node. The location of the accessory pathw 
was determined by the sequence of retrograde atrial activation during A: 
reentrant tachycardia and during ventricular pacing !9.1*- a 






















Programmed stimulation study: After all medication was stopped for. 
least 5 days and informed consent had been obtained, a programmed elect 
stimulation study was performed. The methods used have been described 
viously 19. With use of the single test stimulus technique during atrial an 
tricular pacing the effective refractory period of the accessory pathwa: 
termined in anterograde and retrograde directions. At leas 
lengths were used. The first pacing frequency was just above 
second was 100/min and the third 130/min. The shortest refract 
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the accessory pathway at the three basic cycle lengths was | 
chosen; the maximal difference between values at the three - 


. cycle lengths was 20 ms. 

©- The effective refractory period of the accessory pathway 
in anterograde direction was defined as the longest atrial 
premature stimulus interval that did not conduct to the 
ventricle over the accessory pathway from the atrial stimu- 
. lation site closest to the atrial end of the accessory pathway. 
-The effective refractory period of the accessory pathway in 


retrograde direction was defined as the longest right ven- 
tricular premature stimulus interval that was not followed by. 
. eccentric atrial activation (eccentric defined as atrial activa- 


tion starting not in the His bundle recording or proximal 
coronary sinus lead, but elsewhere in 
atrium). 


. Drug protocol: Only those patients were accepted who. 


manifested anterograde conduction over the accessory path- 
way during atrial pacing and retrograde conduction over the 
; accessory pathway during ventricular pacing. After these data 
were obtained, drugs were given as follows: procainamide, 10 
mg/kg body weight intravenously over 5 minutes (16 patients); 
quinidine gluconate 4 mg/kg intravenously over 5 minutes (10 
patients); ajmaline, 50 mg intravenously over 3 minutes (18 


-patients); and amiodarone, orally, 600 mg daily during week . 


1 and 300 mg daily during week 2. The latter patients were 
restudied 2 weeks after the pre-drug investigation. Care was 
taken to have the intracavitary electrodes at approximately 


the same positions before and after drug administration. 


Measurements of the refractory period of the accessory 
pathway first in a retrograde and then in an anterograde di- 
rection were repeatedly made at identical basic cycle lengths 
and premature stimulus intervals as before drug adminis- 
tration 1 hour after procainamide and quinidine adminis- 
tration, 45 minutes after ajmaline was given and twice with 
a 15 minute interval after amiodarone. Stimulation was per- 
formed at twice threshold. Because drug administration fre- 


TABLE | 


the right or left 


quently resulted in threshold changes, stimulus strength was 


repeatedly adjusted during the study. 


The maximal changes in duration of the refractory period 
of the accessory pathway following drug administration were 
calculated by taking the shortest value of the three basic 
pacing lengths from pre-drug testing and comparing this value 
with the maximal value after drug administration at the same 
basic pacing cycle length. Statistical analysis was performed 
by using Student's paired t test. 


| Results 
Patient groups: During the evaluation of the effect 
of drugs on the anterograde and retrograde refractory 
periods of the accessory pathway it became clear that 


.. patients could be separated into two groups: 


Group 1: patients with an effective refractory period 
of the accessory pathway of 270 ms or longer. During 
evaluation of the anterograde refractory period 25 pa- 
tients were in this category. The effective refractory 
period of the accessory pathway ranged from 270 to 520 
ms with a mean value (+ standard error of the mean) of 
329.2 + 37.9 ms. During evaluation of the retrograde 


refractory period 20 patients were in this group (range 


210 to 400 ms, mean 306.5 + 27.2 mg). 

Group 2: patients with an effective refractory period 
of the accessory pathway of less than 270 ms. Both in 
the anterograde and the retrograde direction, exact 
determination of the refractory period was frequently 
impossible because the atrium or ventricle became re- 
fractory before a block in the accessory pathway de- 
veloped: In the 34 patients with an anterograde refrac- 

tory period of the accessory pathway of less than 270 ms, 
the values ranged from less than 170 to 260 ms; 18 pa- 
tients had a value of 220 ms or less. There were 39 pa- 


Relation Between Drug Response and Initial Length of Anterograde Effective Refractory Period of Accessory Pathway 


(ERPAp) 


RU UTUNTUR ec i 


Quinidine 


Procainamide luconate Aimaline Amiodarone 


Group 1: ERPap = 270 ms 
- Patients (n) 5 2D 








7 9 4 
= Site of AP 
Right 3 3 3 1 
| Left 4 2 6 3 
= No change in ERPap — — — -— 
— CB in AP 6 4 8 3 
= AERP ap (ms)* 200—300 20—»300 200-300 50-»300 
EU. oo 2268.5 2222.0 . 2262.2 2187.5 
SD* 41.8 119. 0.4 


«0.001 






-— Patients (n) 






e | 9 5 9 11 
7. Site of AP 
~ . Right 3 1 3 2 
e. Left | 6 4 6 9 
. No change in ERP ap 4 3 4 ais 
CB in AP — — — — 
AERPap (ms)* 0-160 0-50 0-270 20-200 
Mean* 31.1 18.0 51.1 77.7 
SD* 51.5 21.9 86.2 43.0 
p | NS ] NS | NS «0.001 
MÀ — M QM MÀ ine 






* These values have to be interpreted with the knowledge that exact determination of the refractory period of the accessory pathway was frequently 
mpossible because the atrium became refractory before the occurrence of block in the accessory pathway. 
AP = accessory pathway; CB = complete block; A = increase; NS = not significant; p = probability; SD = standard deviation. 


66 October 1980 The American Journal of CARDIOLOGY Volume 46 


«m 





.. fective refractory period is indicated by a vertical arrow. 
@ Open circles indicate complete block in the accessory 


URE 1. Effect of the four study drugs on the effective 
story period of the accessory pathway in the an- 
erograde direction. The increase in duration of the ef- 





pathway. The broken horizontal line indicates a retrac- 
toryperiodof270 ms. ee es 


v tients with a retrograde refractory period of the acces- 


sory pathway of less than 270 ms (range less than 200 
to 260 ms). vu dure | 

. Effect on the effective refractory period of the 
accessory pathway in the anterograde direction 


- (Table I, Fig. 1): Group 1: patients with an effective 
— refractory period of the accessory pathway of 270 ms 

-or more: All four drugs resulted in marked lengthening 
. of the effective refractory period of the accessory 


pathway. Complete block in the pathway developed in 


- six of seven patients receiving procainamide, in four of 


five patients after quinidine, in eight of nine patients 


after ajmaline and in three of four patients receiving 


< amiodarone. Therefore, complete anterograde block in 


- the accessory pathway was produced in 21 (84 percent) 


.. TABLE Il 


PROCAINAMIDE - 


DRUGS IN WOLFF-PARKINSON-WHITE SYNDROME == WELET 









.AJMALINE- : QUINIDINE AMIODARONE - c 


of 25 patients. No important difference was observed 
in the maximal amount of lengthening of the effective _ 
refractory period of the accessory pathway produced by _ 
the four drugs. Because complete block in the accessory E 
pathway developed in several patients, exact values for 
the increase in duration of the refractory period cannot ' 
be given. m 

Group 2: patients with an effective refractory period. 
of the accessory pathway of less than 270 ms: On the. 
average only modest prolongation of the effective re- — 
fractory period of the accessory pathway occurred in . 
this group of patients. In 11 of the 34 patients (4 re- | 
ceiving procainamide, 3 receiving quinidine, 4 receiving. i 
ajmaline and none receiving amiodarone) no increase | 
in length of the effective refractory period of the ac- . 


: Relation Between Drug Response and Initial Length of Retrograde Effective Refractory Period of Accessory Pathway (ERPap) : 


Quinidine 
Giuconate 


Group 1: ERPap 2270 ms 


Procainamide Amiodarone 







Ajmaline 








Patients (n) - 6 

“No change in ERPap - us 

 AERPap (ms) — 
Mean* 


S| | ac 








^. Mean” 






À Same considerations as in Table |. 
Abbreviations as in Table |. 
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-cessory pathway was observed. Amiodarone was the 


. only drug producing a significant increase in the dura- 

. tion of the effective refractory period of the accessory 

* pathway. 

Effect on the effective refractory period of the 

accessory pathway in retrograde direction (Table 
TI, Fig. 2): Group 1: patients with an effective refrac- 

. tory period of the accessory pathway of 270 ms or more: 


. No effect on the effective refractory period of the ac- | 
. cessory pathway in the retrograde direction was seen in. 
four patients (two receiving ajmaline and two receiving - 
. amiodarone). Complete block in the accessory pathway | 
“was seen in three patients (one receiving procainamide - 
. and two receiving ajamline). The mean increase in the — 


effective refractory period of the accessory pathway 
(Table II) was less than that in the anterograde direc- 
¿tion (Table I). Only patients receiving ajmaline showed 
statistically significant lengthening. 

Group 2: patients with an effective refractory period 
-of the accessory pathway of less than 270 ms: No effect 
on the effective refractory period of the accessory 
. pathway was seen in 19 patients (5 receiving procain- 
amide, 4 receiving quinidine, 7 receiving ajmaline and 
.9 receiving amiodarone). 'The other patients showed 
marked individual variations. In three patients (one 
receiving quinidine and two receiving amiodarone) 

complete retrograde block in the accessory pathway 
occurred. a | 


Discussion . 
.. Effect of drugs on anterograde conduction of 
accessory pathway: Our observations indicate that the 
initial value of the effective refractory period of the 
accessory pathway played an important role in deter- 


mining the effect of subsequent drug administration on 
the duration of this period. In the anterograde direction, 


when the effective refractory period of the accessory 


pathway was relatively long (270 ms or greater), all four 


-drugs tested usually resulted in marked prolongation 
of this period, frequently to the extent of creating 
«complete anterograde block in the accessory pathway. 
Tn patients with an initially short duration of the ef- 





QUINIDINE 


PROCAINAMIDE AJMALINE 


AMIODARONE 


fective refractory period of the accessory pathway the 
effect was very different. Individually marked differ- 


ences in the effect of various drugs on the anterograde 
refractory period of the accessory pathway were seen. 
Only amiodarone consistently resulted in moderate 
prolongation of this period. No role was played by a 
right- or left-sided location of the accessory pathway 


(Table D). Although, as Pritchett et al.!? have observed, 
At is difficult to determine the absolute values of the 


effective refractory period of the accessory pathway or 


2 the exact alterations that occur after drug administra- 
... Won (especially when the initial period is short), the 
marked difference in the drug response of the two pa- 


tient groups is too clear to be denied. | | 

A practical implication of our observations is that“ 
patients with a short effective refractory period of the 
accessory pathway, who are at risk of high ventricular 
rates if atrial fibrillation supervenes and are most in 
need of lengthening of this period, are least likely to 
benefit from commercially available drugs. Our findings 
also raise questions concerning the morphologic or 
electrophysiologic differences (or both), responsible for 
the differences in drug responses in the two patient 
groups. Both procainamide and quinidine gluconate 
were administered more rapidly than is usual in the 
United States. We chose this dosage schedule because 
of our previous experience with its safety^1? and because 
it would give us information about the maximal effect 
of the drugs, which was clinically relevant to our pa- 
tients who had frequent tachyarrhythmias. We? have 
previously shown that when these drug protocols are 
used there is a poor correlation between the electro- 
physiologic effects of the drug and plasma concentra- 
tions. Plasma levels become important only if contin- 
uous infusions are used or the drugs are given orally. 
Therefore plasma levels of the drugs were not deter- 
mined during the study. 

Effect of drugs on retrograde conduction of ac- 
cessory pathway: In the retrograde direction the ac- 


- cessory pathway behaved differently. On the whole, - 


lengthening of the effective refractory period of the 


accessory pathway was less marked. Complete retro- 


o. FIGURE 2. Effect of the four study drugs on the ef- 
fective refractory period of the accessory pathway 
in the retrograde direction. Symbols as in Figure 1. 
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grade block after drug administration was observed in 
nly six patients (three with an effective refractory 
eriod of the accessory pathway of less than 270 ms and 
three with a longer effective refractory period). 

- In contrast to findings in the anterograde direction, 
n the retrograde direction there were no important 
ferences between drug responses in the two patient 
roups. However, the effect of drugs on retrograde 
onduction may have been influenced by the site of 
- stimulation, which was in the apex of the right ventricle, 
far from the ventricular end of the accessory 
pathway. 





—' - As in previous studies, a our observations showed 
. that the effect of drugs on the effective refractory period 


ef the accessory pathway in the anterograde and ret- 
rograde directions can differ markedly. Although 
complete anterograde block over the accessory pathway 


was obtained in 21 (36 percent) of 59 patients after drug 
- administration, complete retrograde block was observed 
jn only 6 instances (10 percent). These findings explain 
why in some patients an increasing incidence of circus 
movement tachycardia can be seen after the adminis- 
tration of a drug that completely blocks anterograde 
conduction through the accessory pathway but has little 
‘or no effect on retrograde conduction over the accessory 
pathway. It is clear that observations on the effect of a 
drug on an intracardiac pathway in one direction can 
never predict the effect of that drug on the electro- 
physiologic properties of that pathway in the other di- 
rection. i 
- — Our data on differences in the effect of drugs on the 
accessory pathway in relation to the initial electro- 
physiologic properties of that pathway may also apply 
to other structures participating in the genesis of 
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reentrant arrhythmias in the human heart. This mig 
be an important factor responsible for differences im 
effectiveness of antiarrhythmic drugs among p 
tients. ^ 
Amiodarone and atrial fibrillation in Wol 
Parkinson-White syndrome: Among the many fact 
that determine the ventricular rate during atrial. 
brillation in patients with the Wolff-Parkinson-Whit 
syndrome the duration of the anterograde refractor 
period of the accessory pathway is an important one.! 
Our data indicate that when the duration is short a 
there is a documented episode of atrial fibrillation w 
rapid ventricular rate, the protection offered by drugs. 
known to prolong refractoriness in the accessory path- 
way must be individually assessed. Because factors. 
other than the refractoriness of this pathway play a role 
in determining ventricular rate during atrial fibrillation, 
it is preferable that drugs be evaluated by the induction | 
of atrial fibrillation before and after drug administra- 
tion. However, in our study, this procedure would have. 
required repeated cardioversions in several of our pa- 
tients. In patients with a short anterograde refractory. 
period of the accessory pathway a statistitally signifi- 
cant lengthening of this period was observed only after 
administration of amiodarone. Although this increase 
was relatively modest, a lengthening of 75 ms in a pa- 
tient with an anterograde effective refractory period of 
the accessory pathway of 200 ms will result in a decrease 
in theoretical maximal ventricular rate during atrial 
fibrillation from 300 to 220 beats/min. This effect of 
amiodarone might protect the patient with the Wolff- 
Parkinson-White syndrome and a short refractory pe- 
riod of the accessory pathway against life-threatening 
ventricular rates if atrial fibrillation supervenes. 
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Pharmacokinetic-Hemodynamic Studies of Nitroglycerin 
Ointment in Congestive Heart Failure 


PAUL W.. ARMSTRONG, MD, FACC* The aim of this study was to determine the bioavailability of nitroglycerin 
JOYCE A. ARMSTRONG, MSc after application of nitroglycerin ointment in patients with heart failure 
GERALD S. MARKS, DPhil .. and to examine whether a correlation exists between plasma nitroglycerin << 
-with the technical assistance of .J. andits hemodynamic effects. The dose of nitroglycerin ointment selected 
-JAMES McKINVEN was based on the prior hemodynamic response of individual patients to 
SUSAN SLAUGHTER an intravenous infusion of nitroglycerin. Nine patients received 1 to 2 
inches of nitroglycerin ointment on a single skin site {small dose group) 
_and five patients received 4 inches (2 inches to two separate skin sites, 
large dose group). | | 
There was good correlation between the dose of nitroglycerin ointment 
and bioavailability (area under the plasma concentration time curve from 
0 to 240 minutes) (r = 0.81, p <0.001). We observed a decrease in both: 
pulmonary capillary wedge pressure and right atrial pressure 30 minutes 
after application of nitroglycerin ointment. The maximal changes in pul- 
monary capillary wedge pressure were from 28 + 7 to 23 + 8 mm Hg and 
in right atrial pressure from 14 + 7 to 11+ 6 mm Hg. There was a greater | 
. decrease in pulmonary capillary wedge pressure in the small dose group 
(31 percent) compared with the large dose group (13 percent) (p <0.001). 
Plasma nitroglycerin concentration in the small dose group increased to 
3.1 + 3.0 ng/ml at 60 minutes and remained at that level through 240 
minutes. In the large dose group a plasma nitroglycerin level of 8.9 + 4.0 
. ng/ml was achieved at 60 minutes and sustained through 240 minutes. 
Despite this plasma nitroglycerin level there was little decline in pulmonary 
Capillary wedge pressure. This study demonstrates a good relation be- 
tween the dose of nitroglycerin ointment and nitroglycerin bioavailability; 
Ritroglycerin ointment also provides therapeutic levels of nitroglycerin 
associated with substantial hemodynamic benefit in selected patients 
with cardiac failure. 


* Kingston, Ontario, Canada 


Nitroglycerin applied to the skin in ointment form enters the circulation 
in a manner that bypasses the gastrointestinal tract and portal circula- 
tion. Since 1944, nitroglycerin has been adminstered percutaneously in 
ointment form for the therapy of peripheral circulatory disorders.! In 
1955, Davis et al.? reported that this agent had favorable effects in pa- 
tients with angina pectoris. This finding was later confirmed by Reichek 
a | 2 MEME I et al.? who demonstrated at least a 3 hour increase in exercise capacity 
tom the Departments of Medicine (Cardiology) ^ in patients with angina pectoris. Studies* from our own institution and 
and Pharmacology, Queen's University, Kingston, — elsewhere in patients with angina pectoris, myocardial infarction and 
Jntario, Canada. This study was supported inpart — congestive heart failure have demonstrated that the hemodynamic ef- 
Ya grant from the Ontario Heart Foundétio, 7 fects of nitroglycerin ointment are maximal between 60 to 90 minutes 
oronto, Ontario, Canada. Manuscript received - Ic 4 (PI NOMAS v i o ee | f 
anuary 9, 1980; revised manuscript received after its application and persist for at least 4 to 6 hours. 
\pril 21, 1980, accepted April 29, 1980. . A Expansion of the indications for the use of nitrate therapy has gen- 
"Recipient of a Senior Research Fellowship — erated a need for and the development of preparations with a longer 
m P Healt Foumdatioo, Toronto, Ore ^ — duration of action than the conventional sublingual form.’ One such 
Address for reprints: Paul W. Armstrong MD, Preparation is oral isosorbide dinitrate, which has been demonstrated 
Jepartment of Medicine (Cardiology) Queen's . to produce hemodynamic effects for approximately 6 hours after ad- 
iniversity, Kingston, Ontario, K7L 3N6 Canada. minstration.? Although this agent is effective, in some clinical situations 
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e oral route of drug administration may be unsatis- 
ctory, for example, when the oral route is precluded 
y nasogastric suction or paralytic ileus or the absorp- 
n of oral agents is compromised by a malabsorption 
drome. In such patients, the percutaneous route may 
tute an effective alternative. Another circum- 
e in which the absorption of oral medications may 
both variable and incomplete is congestive heart 
ilure.? Whether the percutaneous route is preferable 
4n this setting is as yet unknown. | 
-In previous studies of patients with heart failure a 
~ subset who did not respond to nitroglycerin ointment 
- was identified with hemodynamic monitoring.^' Be- 
- cause plasma levels of nitroglycerin were unavailable, 
ample possibility existed that this lack of response resulted 
from an inability to achieve adequate plasma concen- 
-trations of nitroglycerin. Accordingly, we undertook a 
- pharmokinetic-hemodynamic study of nitroglycerin 
- ointment administered percutaneously to patients with 
` congestive heart failure. 
Our objectives were (1) to determine the bioavail- 
ability of nitroglycerin after application of nitroglycerin 
ointment in patients with heart failure; and (2) to ex- 
amine whether a correlation exists between the con- 
“centration of nitroglycerin in plasma and its hemody- 
‘namic effects, both after application of nitroglycerin 
- ointment and after its removal. 


Methods 


Patients: Fourteen patients with congestive heart failure 
formed the study group: There were 11 men and 3 women with 
a mean age of 53 years (range 38 to 67). Three had cardiomy- 
opathy, seven had chronic arteriosclerotic heart disease and 
four were studied within 1 month of a myocardial infarction; 
these patients were all in New York Heart Association func- 
tional class IIT or IV+? and refractory to conventional therapy 
including administration of digoxin and furosemide. Four 

| patients with diabetes were insulin-dependent. Five had re- 
ceived isosorbide dinitrate for at least 3 weeks before this 

= study. All drugs except digoxin and insulin were withheld for 
at least 24 hours before onset of the study. 

Hemodynamic studies: After informed consent was ob- 
tained, the patients were fitted with instruments for hemo- 
dynamic monitoring in a standard fashion. This included the 
placement of a triple lumen thermodilution Swan-Ganz 

| catheter in the pulmonary artery and a Teflon? cannula in the 
-radial artery. Right atrial, pulmonary arterial and pulmonary 
capillary wedge pressures (obtained by balloon occlusion) and 
systemic arterial pressure were monitored. The cardiac output 
was measured, at least in duplicate, with the thermodilution 
^ technique (injection of 10 ml of ice-cold 5 percent dextrose in 
< water into the right atrium). — — 
“Intravenous nitr glycerin: Nitroglycerin was prepared 
/. for intravenous use as a 0.5 percent solution in ethanol. A 9.5 
percent lactose mixture (Parke-Davis Company, Brockville, 
—. Ontario, Canada) (6.3 g) was added to ethyl alcohol (99 per- 
^. cent) to a total volume of 120 ml. The alcoholic supernatant 





















ed and passed through a 0.22 Millex® millipore 


"was decanted anc 
Iter. The solution was assayed using a spectrophotometric 
: hnique before being reassayed using our gas-liquid chro- 
^. matographic method.'4 Immediately before use, the nitro- 
‘glycerin solution was added to 5 percent dextrose in water m 
^. eontained in glass bottles to produce a FORCE OU 
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FIGURE 1. Relation between dose of nitroglycerin ointment (NGO) and 
peak intravenous nitroglycerin (I. V. GTN) infusion rate. p = probability; 
r = correlation coefficient. = 5 


After a control period of 30 minutes, during which the he- E 
modynamic measurements were demonstrated to be repro- ab 
ducible, intravenous nitroglycerin was infused at an initialrate — 
of 15 to 20 ug/min. The aim was to reduce pulmonary capillary d 
wedge pressure by at least 25 percent, and the infusion was  . 
increased in stepwise fashion (50 percent increments ofprior ^. 
rate) every 10 to 15 minutes until either the desired hemo- CS 
dynamic end point was achieved or a greater than 10-foldin- 
crement in the initial infusion rate had been reached. The final E 
infusion rate was maintained until a hemodynamic steady 8 
state was achieved, which required approximately 15 to 20. 
minutes. The infusion was then discontinued and monitoring 
performed for at least an additional 30 to 60 minutes until 
return to control hemodynamic values had been demon- 
strated. : 

Nitroglycerin ointment groups: We!^!6 have previously a 
found that the hemodynamic response to intravenous nitro- 
glycerin is useful in establishing the response to and selecting |. 
the dose of other forms of nitrate therapy.!?!9 In this study, à 
patients in whom the hemodynamic end point was reached |. 
at an intravenous nitroglycerin infusion rate of 2.5 ug/kg per - 
min or less received 2 inches (5 cm) or less of nitroglycerin _ 
ointment. The nine patients in this group had mean (+ stan- 9 
dard deviation) intravenous nitroglycerin infusion rate of 1.2. 
+ 0.8 ug/kg per min. Patients who received more than 2.5. > 
ug/kg per min of intravenous nitroglycerin received 4 inches- 
(10 cm) of nitroglycerin ointment. Among the five patients in 
this group, the hemodynamic end point was reached in only ©. 
one, and the average intravenous nitroglycerin infusion rate . " 
was 6.3 + 1.9 ug/kg per min. The relation between the dose of : 
intravenous nitroglycerin and nitroglycerin ointment is shown — 
in Figure 1. Detailed examination of the pharmacokinetic- 
hemodynamic response to intravenous nitroglycerin in nine 
of our patients has been reported separately.!9 ug 

Nitroglycerin ointment (Nitrol® 2 percent, Kremers-Urban _ 
Company, Milwaukee, Wisconsin) was applied to the ches 
or flank over a 3 by 3 inch (7.6 by 7.6 cm) square area. As in 
dicated, the dose selected was based on the patient's respons 
to prior intravenous administration of nitroglycerin (Fig. 1). 
When more than 2 inches was applied, a second 3 by 3 inch site 
was utilized. After application of nitroglycerin ointment, he- 
modynamic monitoring was performed at frequent interva 
through 240 minutes: In selected instances the period « 
monitoring was prolonged to 480 minutes. ‘The occlus 
dressing was then removed, the residual ointment sera’ 
from the skin and the skin site washed with alcohol. =. 

Arterial blood samples were withdrawn during the con 
period before the administration of intravenous nitroglyceri 























(mm) HR PCW RAP — | MAP m CI SI TPR 


C 93 + 16 28 t7 

30 93 + 15 24 8 12 
60 93 + 15 24 i8 

90 924 15 
120 92+ 15 
240 91+ 15 1248 86 + 18 
p NS <0.0005 -> <0.0005 CONS 


¿n All summary values represent mean + standard deviation; p values 
control value (t = 0) against time. — BANDA CO t QU A LONE T | 
- .. C = control value; Cl = cardiac index (liters/min per m?; HR = heart rate (beats/min); MAP. = mean arterial pressure (mm Hg); NS = not significant; 
PCW = pulmonary capillary wedge pressure (mm Hg); RAP = right atrial pressure (mm Hgy SI = stroke index (ml/beat per m7). TPR = total periphere™ 

resistance (units), uS Ro | | 















epresent a linear regression analysis performed on average percent from 


as well as just before the application of nitroglycerin ointment 


and at 60, 90 and 240 minutes after the application of oint- ^. 


ment, In some instances, additional samples wére available 
- up to and including 480 minutes as well as 30 minutes after 
_ the removal of nitroglycerin ointment. Blood samples were 
.. immediately centrifuged at 5° C and the decanted plasma was 
frozen at —20? C. Subsequent analysis was performed using. 
`a gas-liquid chromatograph with isosorbide dinitrate or di. 
nitrobenzene as the internal standard (4k | 

| Analysis of data: Derived calculations were performed 
. using the formulas SI = CI/HR and TPR = MAP-RAP/CO, 
where SI = stroke index in ml/beat per m?, CI = cardiac index 
in liters/min per m, TPR = total peripheral resistance in 
units, MAP = mean arterial pressure in mm Hg, CO = cardiac 
output in liters/min and RAP = right atrial pressure in mm 
Hg. 

.. Statistical comparisons of measurements were made using 
-regression analysis and Student's t test with paired and un- 
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MINUTES AFTER APPLICATION: 


trinitrate) (GTN) concentration (solid lines) and percent decrease in 
“pulmonary capillary wedge pressure (PCW) (dashed lines) for the groups 
“receiving small dose (2 inches or less) and large dose (4 inches) of ni- 
_troglycerin ointment. Standard deviations for plasma nitroglycerin and 
“percent reduction in pulmonary capillary wedge pressure are equal to 
or less than +4.3 ng/ml and + 11.5 percent, respectively, in the large 


dose group and equal to or less than +3.1 ng/ml and £9.5 percentin 


the small dose group. 


GURE 2. Plot of the relation between plasma nitroglycerin (glyceryl — 


paired observations used when appropriate. The correlations 


. and their significance were tested using Fisher's F test. The 
-area under the plasma concentration time curve (from 0 to 240 


minutes and from 0 to 480 minutes) was determined with 
trapezoidal integration using discrete points. 


^. Results 


The relation between the dose of nitroglycerin oint- 
ment selected and the peak nitroglycerin infusion rate 
(that is the dose that either produced a 25 percent re- 
duction in pulmonary capillary wedge pressure or was 
greater than 10 times the initial infusion rate) is illus- 
trated in Figure 1. A regression analysis performed be- 
tween the doses of the two modes of nitroglycerin ad- 
minstration demonstrates a good correlation (r = 0.96, 
probability [p] «0.01). 

Hemodynamic response to nitroglycerin: Table 
I presents a summary of the hemodynamic response to 
nitroglycerin ointment at time periods up to and in- 
cluding 240 minutes after application. To determine the 
effect of treatment, a linear regression analysis was 
performed on the percent change from the control level 
(¢ = 0 value) against time. No significant changes were: 
observed in heart rate, mean arterial pressure or total 
peripheral resistance. In all cases the slope of the line 
was not significantly different from 0 (typically £ value 
< 1.8), suggesting that there is no consistent change in 
level with time. For pulmonary capillary wedge pres- 


sure, the average percent reduction, as measured by the | ! 
intercept of the fitted line, was 15 percent with a t value. 


of 5.8 (p «0.0005); for right atrial pressure, the percent ` 


. reduction was 19 percent (t = 4.8, p <0.0005); for car- 


diac in ex, the percent increase was 8 percent (t = 2.1, 


(«p <0.05); for stroke index, the percent increase was 8 
 — Relation between bioavailability of nitroglycerin 











t = 2.4, p «0.02). 


. ointment and peak hemodynamic effect (Table II): 
Changes in pulmonary capillary wedge pressure and 


right atrial pressure proved to be the most sensitive 
indicators of the hemodynamic response to nitroglycerin 


in our previous studies, and therefore the peak changes 
in these measurements are shown in Table I 15.16 We 
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Dose of NGO Nitroglycerin Bioavailability 





> (nches) (mg/kg) AUCo. 240 (igemin/ml) 
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233 
684 
905 

= 525 
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= 490 
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| ation Between Bioavailability of Nitroglycerin Ointment and Peak Hemodyna 


Small Dose Group (n = 9) 






mic Effect 
Peak Hemodynamic Effect 


NENNEN EE e 


Control PCW Decrease in PCW 
(%) 





Control RAP Decrease in 


(%) f 











(mm Hg) (mm Hg) 





1134 
828 


Mean 
SP. 


Statistical significance: Paired t test (percent decrease in pulmonary capillary wedge and r 


t test (small dose versus large dose group) for area under the 
wedge pressure and control value and percent decrease in right 
AUC = area under concentration-time curve; NGO 


RAP = right atrial pressure; SD = standard deviation. 





atrial pressure: p 
= nitroglycerin ointment; NS 
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15 
: ee 7 
ight atrial pressures): * p < 0:001; ! p < 0.025. Unpaired i 
concentration-time curve, control value and percent decrease in pulmonary capillary - 





< 0.005, «0.005, < 0.005, NS and NS, respectively. 


= not significant, PCW = pulmonary capillary wedge pressure; : ; 


minutes, reaching its maximal reduction of 23 percent . 
at 120 minutes and remaining depressed through 240 . 
minutes. Plasma nitroglycerin concentration in this | 
group increased to 3.1 + 3.0 (standard deviation) ng/ml - 
at 60 minutes and remained at that level throughout the 
remainder of the sampling period. In the large dose | 
group a plasma nitroglycerin level of 8.9 + 4.0 ng/ml was | 
achieved at 60 minutes and was sustained throughout ' 
the 240 minute sampling period. Despite this plasma _ 
nitroglycerin concentration there was little decline in. 
pulmonary capillary wedge pressure. ts 

We analyzed the decrease in pulmonary capillary 
wedge pressure produced by nitroglycerin ointment as. 
a function of resti 


ing pulmonary capillary wedge pres- 
sure, cardiac index and total peripheral resistance and. 
found that none of these indexes were of value in pre 
dicting the change in pulmonary capillary wedge pr 
sure after application of nitroglycerin ointment (r $0.53 
in all instances). | | 
In four patients (Cases 4, 10, 11 and 14), hemody 
namic and plasma nitroglycerin data were available. 
480 minutes after application of nitroglycerin ointme 
(Fig. 3). There was a modest early reduction in rig 
atrial pressure that was sustained through 360 minu 
and returned toward the control value at 480 mint 
There was a small and sustained reduction 
nary capillary wedge pressure. The plasma nit 
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. FIGURE 3. Hemodynamic and plasma nitroglycerin data in four patients 
. Studied for 480 minutes after application of nitroglycerin ointment (NGO). 
All data represent mean values + standard deviations. CONC = con- 


_ centration; PCW = pulmonary capillary wedge pressure; RAP = right 


* atrial pressure. 


levels were elevated to nearly 5 ng/ml at 60 minutes and 


remained elevated through the balance of the sampling - | 


period. EUN 

In four patients in the large dose group and in seven 
-in the small dose group, we anályzed the effects of re- 
moving nitroglycerin ointment. Six patients were 
studied to 240 minutes, two to 360 minutes and three 
_to 480 minutes (Fig. 4). There was little change in either 
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FIGURE 5. Linear regression analysis of relation between the area 
under the plasma concentration-time curve from 0 to 240 minutes 
(AUCo..249) and dose of nitroglycerin ointment for the total study group 
(r = 0.81; p «0.001). 


, area AUC,. 
... was 0.98 (p «0.02). 
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FIGURE 4. influence of removal of nitroglycerin ointment (NGO) in 11 
patients. "On NGO”. indicates the last observation before removal, 


Seven patients are in the small dose group (solid lines) and four in the 


large dose group (dashed lines). Significant changes occurred in pul- 


 monary capillary wedge pressure (PCW) in the small dose group (18 


to 23 mm Hg, p «0.025) and in nitroglycerin (GTN) plasma concentration 
(p «0.05 for both groups). The plasma Concentration data in the small 


. dose group are based on values in three patients. 


right atrial or pulmonary capillary wedge pressure in the 
large dose group 30. minutes after removal of nitro- 
glycerin despite a substantial decrease in plasma ni- 
troglycerin. By contrast, in the small dose group there 
was a slight rise in right atrial pressure and a significant 
increment in pulmonary capillary wedge pressure 30 
minutes after removal of nitroglycerin. Plasma nitro- 
glycerin, available in three patients in the small dose 
group, showed a sharp decrease similar to that noted in 
the large dose group. 

The relation betweeri plasma nitroglycerin concen- 
tration and the dose of nitroglycerin ointment applied 


was testing using a linear regression analysis. In all pa- 


tients the relation between peak plasma nitroglycerin 
and dose of nitroglycerin ointment in mg/kg was r = 0.89 


. (p «0.001); the relation between the area under the 
.. €oncentration-time curve (AUC, 545) and dose of ni- 
 —  troglycerin ointment was r = 0.81 (p «0.001) (Fig. 5). 


best relation was observed in the four patients - 
shown in Figure 3 in whom the correlation between the 
-480 and the dose of nitroglycerin ointment 











JE Discussion 

Bioavailability of nitroglycerin ointment: This 
study documents the bioavailability of nitroglycerin 
when delivered percutaneously to patients with con- 
gestive heart failure. There was in general a good rela- 
tion between the area under the plasma concentra- 
tion-time curve from 0 to 240 minutes and the dose of 
nitroglycerin ointment (Fig. 5). This relation improved 
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vhen it was examined in the four patients who were 
served for 480 minutes after application of nitro- 
lycerin ointment (Fig. 3). T'he previously demonstrated 
hort half-life of nitroglycerin of 1.9 minutes coupled 
vith the observation of sustained plasma nitroglycerin 
els 480 minutes after application of nitroglycerin 
ment indicates that absorption of nitroglycerin 
- must have continued throughout the entire period of 
— application.!9 This suggests that “flip-flop” kinetics are 
operative when nitroglycerin ointment is applied; that 
- 4s, the plasma concentration over the study period is 
- directly dependent on continuing absorption." — 
~~ Despite the good relation between dose of nitroglyc- 
^erin ointment and area under the plasma concentra- 
"ae time curve from 0 to 240 minutes, some interpa- 











tient variability occurred. There are a variety of reasons. 


why interpatient differences in bioavailability might be 
expected after application of similar doses of nitro- 
-glycerin ointment. These differences relate in part to 
variations in percutaneous absorption as modulated by 
skin perfusion, permeability and thickness. Moreover, 
differences in both systemic perfusion and venous 
congestion in these patients with heart failure would be 
expected to alter volume of distribution, rate of hepatic 
metabolism and, therefore, clearance of nitroglycerin.!? 
The interpatient variability would probably have been 
diminished had all patients been evaluated throughout 
the complete time course of absorption, which is as yet 
unknown. 

Examining our data in the light of the experimental 
studies of Horhota and Fung!’ is of considerable in- 
terest. These investigators studied the effects of topical 
application of nitroglycerin ointment to the abdominal 
skin surface of rats; they demonstrated a wide variation 
in the nitroglycerin plasma concentration-time curve 
among individual rats despite similar doses. They also 
found that the concentration of blood nitroglycerin 
remained elevated throughout the duration of the 4 
hour study period. Analysis of surface sections after the 

. 4 hour absorption experiments revealed that nearly 60 
percent of the applied drug could be recovered, indi- 
cating that significant quantities of the drug were still 
available for absorption. Although in the current study 
we found that plasma nitroglycerin decreased sub- 
stantially after removal of nitroglycerin ointment, it was 
still detectable 30 minutes thereafter. 'T his finding was 
unexpected in view of the short half-life of nitroglycerin 
of 1.9 minutes and it suggests that a depot for nitro- 

|. glycerin exists in the skin of human subjects, as it does 
- in rats, after percutaneous application.!9 
..—... Beneficial hemodynamic effects of nitroglycerin 
‘ointment: This study confirms that nitroglycerin 
ointment provides prompt and sustained hemodynamic 
-< benefit in selected patients with congestive heart failure. 
-The patients in the small dose group who were charac- 
terized as sensitive to nitroglycerin by prior intravenous 
nitroglycerin infusion demonstrated hemodynamic 
—— benefit concomitant with the appearance of approxi- 
-. mately 3 ng/ml of nitroglycerin in plasma. The hemo- 
—. dynamic effects were already clearly evident 30 minutes 
- after application of nitroglycerin ointment at a time 
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when the plasma level was probably less than 3 ng/m 
(Fig. 2). This concentration of nitroglycerin is within the 
therapeutic range of 1.2 to 11.1 ng/ml defined in oui 
previous study of 16 patients with congestive heart 
failure who received intravenous nitroglycerin.!^ | 
Although there appeared to be a good correlation. 
between plasma nitroglycerin and its hemodynamic. 
effects in the small dose group, a subset of patients has. 
again been identified who demonstrate minimal re- 
sponse to nitroglycerin despite achieving plasma con- 
centrations of 9 ng/ml. These findings were anticipated 
from the patients’ prior attenuated response to intra- _ 
venous nitroglycerin. The attenuated response in these _ 
patients is also demonstrated by the lack of hemody-  _ 
namic alteration after removal of nitroglycerin ointment a 
despite a substantial decrease in plasma nitroglyc-. 
erin. dd 
We! have previously shown that some patients with. 
heart failure may respond to nitroglycerin with a re- - : 
duction in right atrial pressure, but little change in left 
ventricular filling pressure.!* This appeared to bethe 
case in Patients 10, 12 and 13 and may be partly related 
to asymmetric distribution of cardiac disease expressed 
by differing compliance characteristics of the two ven- 
tricles.”° 
Factors influencing response to nitroglycerin: A 
variety of factors may have influenced the response to : : 
nitroglycerin in this study. Nitrate responsiveness could. | 
not be predicted from the value of the resting cardiac |. 
index, total peripheral resistance or pulmonary capillary * 
wedge pressures.?! Three of the five patients in the large 
dose group had diabetes, and two of these three were 
insulin-dependent; small vessel disease secondary to thes: 
diabetes could have modified the hemodynamic re- 
sponse in these patients. Prior nitrate therapy did not. - 
appear to be a predictor of response to nitroglycerin — 
ointment because only two of the five patients who re- 
ceived prior nitrate therapy were in the large dose - 
group.?? The amount of circulating catecholamines and. < 
angiotensin is known to be increased in some patients - 
with heart failure; variations in the levels of these sub- 
stances would also be expected to alter the response of - 
the peripheral circulation to pharmacologic therapy. 7 | 
Because the concentration of nitroglycerin in plasma 
was in the therapeutic range in the patients who did not 
respond, absorption of the drug from ointment was: 
confirmed. Lack of response was not due to failure of 
drug delivery but probably represented target organ | 
resistance in peripheral arterioles and veins. This re- 
sistance cannot be predicted from control hemodynami € 
indexes, but it can be anticipated by prior intravenous . 
nitroglycerin infusion and is best detected by hemo- 
dynamic monitoring. M 
Clinical implications: From these data we conclude 
that nitroglycerin ointment provides therapeutic level 
of nitroglycerin that are associated with substanti: 
hemodynamic benefit in selected patients with he 
failure. Therapeutic plasma concentrations of nit 
glycerin are demonstrable through at least 480 minu 
and probably persist for a longer period. In those ca 
in which an attenuated response is found during int 



















. venous infusion of nitroglycerin, large doses of nitro- 


. glycerin ointment (4 inches) are also unlikely to be of 
. benefit. Further investigation is required to (1) docu- 
; ment the complete time course of nitroglycerin bio- 


availability and hemodynamics after application of 


- nitroglycerin ointment, (2) explore the mechanism of 
- resistance of nitroglycerin, and (3) determine whether 


r 


< tolerance occurs in responsive patients. 
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Three patients with paroxysmal ‘beaweotdculie tachycardia underwent 
electrophysiologic studies that included His bundle recordings, incre- - 
mental atrial and ventricular pacing and extrastimulation before and after : 


“intravenous infusion of 500 mg of procainamide. In all three patients the c 


tachycardia was induced during atrial pacing or premature atrial stimu- E 
lation, or both. Two of the three patients had discontinuous atrioventricular - 
(A-V) nodal curves with induction of a slow-fast tachycardia during failure - 
in anterograde fast pathway conduction and one patient had a smooth | 
A-V nodal curve with induction of a slow-fast tachycardia at critical A-H 
interval delays. After procainamide: (1) in all three patients atrial pacing - 
induced A-V nodal Wenckebach periodicity (cycle length 300 to 400 ms) - 
resulting in simultaneous anterograde fast and slow pathway conduction © 
(one atrial beat resulting in two QRS complexes) and retrograde fast | 
pathway conduction initiating an echo. response or a slow-fast tachycardia, - 
or both; (2) in all three patients there was enhanced conduction and | 


shortening of refractoriness of the anterograde fast pathway and de- 


pressed conduction and lengthening of refractoriness of the retrograde | 
fast pathway; and (3) in two patients there was inability to sustain ? 
tachycardia because of selective block within the retrograde fast pathway. - 
In conclusion: (1) procainamide altered conduction and refractoriness - 
of the anterograde fast and slow pathways. so that simultaneous con- - 
duction could occur during atrial pacing, resulting in a double ventricular | 
response and a slow-fast echo or tachycardia, or both; and (2) the dif- 
ferential effects of procainamide on anterograde fast and retrograde fast 
pathways suggests two functional A-V nodal fast pathways, one for an- 
terograde and the other for retrograde. conduction. : 


Electrophysiologic studies have established reentry within the atrio- 
ventricular (A-V) nodal region as the most common mechanism of par- 
oxysmal supraventricular tachycardia.!-? These studies have also re- 
vealed that, although in some patients the induction of A-V nodal 
reentrant tachycardia is associated with failure in anterograde fast. 
pathway conduction resulting in anterograde conduction solely in the: 
slow pathway and retrograde conduction over the recovered anterograde 
fast pathway,‘ in others the induction of A-V nodal reentry is associ- 
ated with attainment of a critical A-V nodal conduction delay and ret- 
rograde conduction over a fast retrograde pathway.?? Nonetheless, r 
ciprocation within a slow and fast pathway in the region of the A-V noc 
is believed to be the electrophysiologic basis of A-V nodal reentry. | 
contrast, simultaneous anterograde fast and anterograde slow pathwe 
conduction resulting in a slow-fast tachycardia is exceedingly rare! 
this paper we describe (1) the electrophysiologic findings in three 
tients with A-V nodal reentry who demonstrated simultaneous an 
grade fast and slow pathway conduction resulting ina double ventr 
response and a slow-fast echo or tachycardia, or both, after thea 
istration of procainamide; and (2) differential effects of 1 p 
on the anterograde and retrograde fast pathways. The implicati 
these observations are discussed. S 















October 1980 The American Journal of CARDIOLOGY Volume 46. 





| Methods 


: | . Study patients: Three patients with a history of palpita- 2 
<> tions and electrocardiographically documented paroxysmal | 
- supraventricular tachycardia were studied after the nature - 


.. of the procedure was explained and signed consent obtained. 
.. One patient had atherosclerotic heart disease and the re- 
`- “maining two patients had no evidence of cardiac disease. None 
< had a recent myocardial infarction, electrolyte or metabolic 
. abnormalities or the Wolff-Parkinson- White syndrome and 
-< none had received any cardioactive medications for at least 
` 4 days before the study. E 
> Electrophysiologic study: Three quadripolar catheters 
. Were introduced percutaneously under local anesthesia and 
: positioned in the region of the high right atrium, at the level 
of the tricuspid valve for recording His bundle activity?! and 
in the right ventricular apex. The proximal poles of the atrial 
. and ventricular catheters were utilized for recording and the 
' distal poles for stimulation. Two or more standard electro- 
. cardiographic leads, intracardiac electrograms at frequency 
. settings of 40 to 500 hertz and time lines generated at 40,200 
., and 1,000 ms were displayed on a multichannel oscilloscope 
-. (VR-12, Electronics for Medicine, White Plains, New York) 
and reproduced on thermal paper at a paper speed of 100 to 
< 150 mm/s. | 

< Atrial and ventricular pacing were performed up to the 
. onset of anterograde and retrograde block or up to a heart rate 
- of 220 beats/min. During pacing-induced A-V nodal Wenck- 
-ebach cycles, the stimulator was periodically turned off for 


. observation of subsequent spontaneous events. The atrial and. 


ventricular extrastimulus techniques were employed to de- 
_ termine the refractory periods of the atrioventricular (A-V) 
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and ventriculoatrial (V-A) conduction system at two or more 
cycle lengths. After completion of control studies, procain- 


amide in a total dose of 500 mg was administered intrave- 
nously at a rate of 50 mg/min and studies were repeated within 
10 minutes of drug administration. Blood samples for serum 
procainamide levels were drawn in all three patients. 

Definition of terms: Anterograde conduction intervals 
and refractory periods: These were defined as previously 
described.!? | d | | 

Retrograde conducting intervals and refractory pe- 
riods: V-A conduction time was measured from the stimulus 
artifact during ventricular pacing to the onset of the retro- 
grade low septal atrial electrogram on the His bundle 
tracing. 2.05 LOTS 

SH» interval was measured from the onset of the pre- 
mature stimulus artifact (S2) to the onset of the retrograde Higa» 
bundle electrogram (H;) 

H3-À» interval was measured from the onset of the retro- 
grade His bundle deflection (H2) to the onset of the retrograde 
low septal electrogram (À3) on the His bundle tracing. 

Retrograde functional refractory period of the V-A con- 
duction system was defined as the shortest A-A» interval in 
response to any range of 81-85 or V4-V. intervals. 

Retrograde effective refractory period of the V-A con- 
duction system was defined as the longest S1-S» or (V4-V3) 
interval at which S» or V; failed to evoke an Ao response. This 
interval is determined by the His-Purkinje system when S; 
is not followed by Hs, provided that Hp is identified before 
block or by the A-V nodal region, in which case the retrograde 


His bundle deflection (Hg) is not followed by Ao. 


Retrograde functional and effective refractory periods of 
the His-Purhinje system and the effective refractory period 







| g 


“FIGURE 1. Case f. Atrial premature stimulation during control study (A) and after administration of procainamide CP (B). From top to bottom in 
each panel: |, avf and V; = surface electrocardiographic leads; HRA = high right atrial electrogram; HBE = His bundle electrogram and RVE = 
tight ventricular electrogram. A, at a coupling interval of 330 ms, the A;-H; interval increased to 280 ms, resulting in a sudden jump in the H,-H; 
-Curve (H4-H5 = 530 ms) with initiation of a reentrant supraventricular tachycardia. The cycle length of the tachycardia is 350 ms, the Ae-H interval 
is 340 ms and the H-Ae interval is 40 ms. B, after procainamide, at a similar coupling interval of 330 ms, the A;-H; interval is 170 ms and the H,-H. 
interval is 410 ms, both shorter than control values. Also note the inability to initiate a tachycardia. 
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block. 


of: the ventricular visbcandtim were defined as previously 
described.!94 - 

The presence of anterograde and retrograde discontinuous 
A-V nodal curves and the refractory periods of the antero- 
grade fast and slow pathways were determined as previously 
described.* 99. 


Results 


In all three patients paroxysmal supraventricular 
tachycardia could be induced during atrial pacing- 
-induced A-V nodal Wenckebach periodicity or during 
premature atrial stimulation, or both. The reentrant 
nature of the tachycardia was suggested by previously 
established criteria.239.15 The utilization of V-A bypass 
-tracts in the reentrant process was excluded on the basis 
of the following criteria: (1) the retrograde echo (Ae) 
. occurred simultaneously or almost simultaneously with 
- the ventricular electrogram?9?:5; (2) the H-Ae/Ae-H 
ratio ranged from 1:2.1 to 1:8.59*; (3) ventricular stim- 
-ulation during tachycardia when the His bundle was 
refractory did not result in atrial preexcitation!®!’; and 

(4) during ventricular premature stimulation, A» moved 


ACL = atrial eyela length; ERP = effective refractory period; FRP = functional ratractory period: NA = - not attained; WB = Wenckebach a 





out of the ventricular electrogram more or less in par- a 
allel with H.5? | 0v 

Electrophysiologic date during control studies and a 
after procainamide are presented in Tables I and IL. | 
Serum procainamide levels were 8 to 15 mg/liter. 


Case Reports 


Case 1: This was a 70 year. old. man with recurrent parox- 
ysmal supraventricular: tachycardia. Control. conduction: 
studies during sinus rhythm revealed an A-H interval of 90 . 
ms and an H-V interval of 55 ms. Incremental atrial pacing _ 
resulted in progressive prolongation of the A-H interval (90. 


to 140. ms) before the occurrence of A-V nodal Wenckebach . 


periodicity. Atrial. pacing-induced A-V nodal Wenckebach: _ 
periodicity initiated sustained supraventricular tachycardia. _ 
Atrial premature stimulation studies demonstrated a dis- . 
continuous A-V nodal curve with initiation of supraventricular .. 
tachycardia during failure in anterograde fast pathway con- . 
duction. The critical A-H interval for induction of tachycardia _ 
ranged from 280 to 370 ms (Fig. 1A). The functional and ef- 
fective refractory periods of the anterograde fast pathway were _ 
405 and 340 ms.and that of the paiererase slow pathway 520 a 
and 270 ms, respectively. d 





limb pet is, He-Ae block). Abbreviations as in Figure 1. 


"IGUR E 2. ‘Gade 1. “Atrial pacing after administration of procainamide (P). Atrial pacing at a cycle length: of 330 ms s results in Wet Ic 

= er the fifth paced: beat the stimulator is turned off. The last paced beat of the Wenckebach sequence results in two QRS. | 
"s multaneous conduction in both the anterograde fast (A-H = 120 ms) and anterograde slow pathway (A-H = 460 ms) and ar tes 
an H'-Ae interval of 70 ms, which is longer than the control value (Fig. 1A). The SNYE is not sustained because of block i in the retro 
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_ FIGURE 3. Case 1. Ventricular pacing during control study (A) and after | 
. administration of procainamide (B). A, ventricular pacing ata cycle 
_ length of 320 ms results in 1:1 V-A conduction. The S-H and H-A in- 
_ tervals measure 90 and 70 ms, respectively. B, ventricular pacing after . 
- procainamide (PA) at a similar cycle length as control results in a 3:2 
-V-A block. There is prolongation of both the S-H and H-A intervals after 
_ procainamide, but the block occurs between the H and A deflections 
(that is, the retrograde fast pathway). Abbreviations as in Figure 1. 
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gs After procainamide, the A-H interval during sinus rhythm 


measured 90 ms and the H-V interval 65 ms. Atrial pacing 
resulted in a smaller increase in A-H interval (90 to 130 ms) 
before the onset of A-V nodal Wenckebach block than that 
of the control period. Also, the length of the atrial pacing cycle 
that resulted in A-V nodal Wenckebach periodicity decreased 
compared with the control value (330 compared with 350 ms) 
(Table D. The last conducted beat of the Wenckebach se- 
quence (Fig. 2) resulted in two QRS complexes due to simul- 
taneous conduction in the anterograde fast (A-H = 120 ms) 
and anterograde slow (A-H’ = 460 ms) pathway and an echo 
response. The H’-Ae interval was 70 ms longer than the con- 
trol value (H-Ae = 40-ms) (Fig. 1A). Also, the tachycardia was 
not sustained because of block in the retrograde fast pathway 
(that is, H-Ae block). During atrial premature stimulation, 
supraventricular tachycardia could not be induced becau 
of inability to achieve a critical A;-H» interval (Fig. 1B). The 
functional and the effective refractory periods of the antero- 
grade fast pathway decreased (Table I) whereas that of the 
anterograde slow pathway could not be determined because 
of shortening of the effective refractory period of the antero- 
grade fast pathway (less than 305 ms) and atrial refractori- 
ness. 

Ventricular pacing during control studies demonstrated 
1:1 V-A conduction up to a pacing cycle length of 320 ms (Fig. 
3A). After procainamide (Fig. 3B) at a similar ventricular 
pacing cycle length, 3:2 V-A block occurred because of failure 
in the retrograde fast pathway. There was prolongation of both. 
5-H (retrograde His-Purkinje) and H-A (retrograde A-V 
nodal) intervals before block; but the block occurred between 
the retrograde His bundle deflection and the atrium. 

During ventricular premature stimulation both So-He and 
H»-A; intervals increased after procainamide compared with 


FIGURE 4. Case 2. Atrial pacing during control study and 
. after administration of procainamide. Upper panel, atrial 
^A pacing during control period at a cycle length of 400 ms 
M" results in 2:1 A-V block. Lower panel, atrial pacing at a - 
i. similar cycle length after administration of procainamide 
" A. results in Wenckebach periodicity. The last paced beat 
.. of the Wenckebach sequence results in two QRS com- 
plexes due to simultaneous conduction in the anterograde 
.. fast (A-H = 150 ms) and the anterograde slow pathway 
—— (AH. = 600 ms) and a reentrant supraventricular tachy- 
. cardía ensues. | 
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ol values, thus suggesting that the increase in the func- 
al refractory period of the V-A conduction system (that 
he retrograde À,-A3) after procainamide was related to an 


ease in the functional refractory periods of both the His- 


w. 


nje and retrograde A-V nodal systems (that is, the ret- 
de fast pathway). 









‘ase 2: This was a 55 year old man with recurrent parox- 
] supraventricular tachycardia. Control conduction 
lies during sinus rhythm revealed an A-H interval of 75 
ms and an H-V interval of 35 ms. Incremental atrial pacing 
- resulted in progressive prolongation of the A-H interval (75 
` to 150 ms) before the occurrence of A-V nodal Wenckebach 
_ block. Neither atrial echoes nor supraventricular tachycardia 
"resulted during atrial pacing-induced Wenckebach period- 
igi y. Atrial premature stimulation revealed the presence of 
discontinuous A-V nodal curves with induction of a slow-fast 
tachycardia coincident with failure in the anterograde fast 
pathway. The critical A»-H; delays required for induction of 
tachycardia ranged from 505 to 545 ms. The functional and 
- effective refractory periods of the anterograde fast pathway 
. measured 500 and 440 ms and that of the slow pathway 785 
and 380 ms, respectively (Table I). - | 
After procainamide, the A-H interval during sinus rhythm 
was 70 ms and the H-V interval 40 ms. In contrast to control 
studies when atrial pacing at a cycle length of 400 ms showed 
a 2:1 A-V nodal block (Fig. 4A), atrial pacing at a similar cycle 
length after procainamide resulted in A-V nodal Wenckebach 
periodicity. However, the last paced beat of the Wenckebach 
sequence (Fig. 4B) resulted in simultaneous conduction in 
both the anterograde fast (A-H-150 ms) and the anterograde 
- slow (A-H' = 600 ms) pathways and induction of a sustained 
tachycardia. As in Case 1, V-A conduction time and the 
functional refractory periods of the His-Purkinje and that of 
the V-A conduction system increased (Table IT). 


CONTROL 





|. FIGURE 5. Case 3. Atrial pacing during — 
~~ control study (A) and after administration - 
- Sof procainamide (P) (B). A, atrial pacingat — Ry 
. "a cycle length of 300 ms results in — . 
' Wenckebach periodicity with induction of — 
.  aslow-fast supraventricular tachycardia. B, _ 
_ atrial pacing after procainamide (PA) at a. 
lar cycle length also results in 
ebach periodicity but the A-H in- 
shorter than the control interval. 
last paced beat of a Wenckebach 
sults in a double ventricular 
r simultaneous conduction 
le fast pathway (A-H = 110 




























and anterograde slow pathway (A-H' 
10 ms) and an echo response. The 
e interval is 50: ms longer than during 
“the control period (H-Ae. = 40 ms). The 
|. tachycardia is nonsustained because of 
block in the retrograde fast pathway. 
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Case 3: This was a 72 year old man with recurrent paro 
ysmal supraventricular tachycardia. Control studies demo: 
strated an A-H interval of 75 ms and an H-V interval of 50 ms. 
Atrial pacing-induced A-V nodal Wenckebach periodicity 
resulted in a slow-fast tachycardia (Fig. 5A). Unlike the si 
uation in Cases 1 and 2, atrial premature stimulation (cycle 
lengths of 600 and 500 ms) revealed a smooth A-V nodal curve 
with induction of tachycardia at a critical Az-He interval o! 
240 ms. | v - d | 5 o "y 

After procainamide, the A-H interval was 60 ms and the 
H.V interval 55 ms. Atrial pacing-induced A-V nodal 
Wenckebach periodicity (Fig. 5B) resulted in simultaneous . 
anterograde fast (A-H = 110 ms) and anterograde slow (A-H: 
= 410 ms) pathway conduction and an echo response. Su- ex 
praventricular tachycardia could not be sustained because of 
block in the retrograde fast pathway (that is, H-Ae block). _ 
Atrial premature testing revealed a smooth A-V nodal curve _ 
as in the control study with initiation of single echoes that _ 
blocked within the retrograde fast pathway. The functional 
refractory period of the anterograde fast pathway decreased ut 


. after procainamide and the effective refractory period of the 


fast pathway could not be attained (Table I). B 

As in Cases 1 and 2, V-À conduction time and the functional . 
refractory period of the His-Purkinje and V-A conduction | 
systems increased after procainamide (Table II). 


Discussion 


The electrophysiologic findings in our three patients: 
indicate that the site of reentry was the region of the 
A-V node. Of considerable interest, however, was the | 
observation of (1) simultaneous anterograde fast and _ 
slow pathway conduction resulting in a double ven- . 
tricular response and initiation of a slow-fast echo or. 
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' TABLE Il 


. Retrograde Conduction and Refractory Periods (ms) Before and After Procainamide (P) 
Case 1 
Control After P 
VCL for 300 320 
V-A block 
V-A conduction 
system 
FRP 360 370 
ERP NA NA 
His-Purkinje 
system 
FRP 360 370 
ERP NA NA 
Ventricular 230 260 
myocardial ERP 
VCL 600 600 


Case 2 Case 3 

Control After P Control After P 
350 . 400 300 320 
340 370 370 400 
NA NA NA NA 
410 470 445 450 
NA NA NA NA 
240 | 850 | 250 260 
600 600 600 600 


ERP = effective refractory period; FRP = functional refractory period; V-A = ventriculoatrial; VCL = ventricular pacing cycle length. 


tachycardia, or both, after procainamide, and (2) dif: 
.. ferential effects of procainamide on the anterograde fast 
-. and retrograde fast pathways. 


- Simultaneous Fast and Slow Pathway Conduction 


Induction of a tachycardia in patients with paroxys- 
mal A-V nodal reentrant tachycardia is characteristi- 
cally associated with either (1) failure in anterograde 

fast pathway conduction with resulting anterograde 
conduction over the slow pathway and retrograde con- 
duction over the anterograde fast pathway; reciproca- 
© tion within the anterograde slow and fast pathways is 
-believed to be the electrophysiologic basis of a reentrant 
tachycardia in patients demonstrating discontinuous 
-- A-V nodal curves (dual pathways)4-$; or (2) achievement 
- of a critical A-V nodal conduction delay resulting in 
retrograde conduction over a fast retrograde pathway. 
. Reciprocation with a slow A-V nodal pathway and a fast 
retrograde pathway is believed to be the electrophysi- 
ologic basis of reentrant tachycardia in patients with 
©» smooth A-V nodal curves.? In contrast, simultaneous 
. anterograde fast and slow pathway conduction resulting 
. ina slow-fast tachycardia is exceedingly rare. Wu et al. 1? 

reported a single case with dual A-V nodal pathways in 
“which a slow-fast tachycardia was initiated during si- 
. multaneous fast-slow pathway conduction during pac- 
— ing-induced A-V nodal Wenckebach periodicity. They 






istal conducting system and ventricles were able to 


. with simultaneous fast-slow pathway conduction. He 
_ postulated that the effective refractory period of the 
- His-Purkinje system was shorter than the difference 
- between fast and slow pathway conduction so that single 
_ atrial beats could initiate two ventricular responses as 
-a result of fast and slow pathway conduction. In con- 
_trast, dual ventricular responses from a single prema- 
_ ture stimulus are not unusual in the Wolff-Parkinson- 
. White syndrome,!?-?! in which the presence of two 
-distinct insulated anatomic pathways (that is, the Kent 


_ Suggested that pacing-induced type I block in both | 
_ pathways put these pathways “out of phase" so that the — 


espond to both pathways. Recently Csapo!? reported ; 
single case with nonreentrant paroxysmal tachycardia 


bundle and the normal A-V nodal-His-Purkinje system 
pathway) make the phenomenon more readily ex- 
plainable. 

The exceedingly rare occurrence of simultaneous 
anterograde fast and slow pathway conduction in the 
region of the A-V node may be related to the following: 
(1) close proximity of the two functional or anatomic 
A-V nodal pathways; (2) incomplete insulation of the 
two pathways with crossover of the impulse to the slow 
pathway during anterograde fast pathway conduction 
so that the anterograde impulse traversing down the 
slow pathway finds the latter refractory at its caudal end 
and vice-versa; and (3) refractoriness of the His bundle 
after its excitation by the anterograde fast pathway. 

Effect of procainamide: In our patients simulta- 
neous fast and slow pathway conduction with induction 
of a slow-fast tachycardia was reproducibly observed 
only after the administration of procainamide and only 
during atrial pacing at rates that resulted in A-V nodal 
Wenckebach periodicity. Furthermore the stimulation 
sequences utilized during control studies were identical 
to those used after procainamide. This finding suggests 
that procainamide altered conduction and refractori- 
ness of both pathways so that simultaneous conduction 
could occur resulting in a double ventricular response 
and a slow-fast tachycardia. Although the precise effects 
of procainamide that created the necessary milieu for 
simultaneous anterograde fast and slow pathway con- . 
duction is uncertain, the following three hypotheses can 
be offered (Fig. 6): ers 
1. A greater enhancement of anterograde fast path- 


J way conduction or shortening of refractoriness of the 


anterograde fast pathway relative to that of the antero- 
grade slow pathway, or both, resulted in Wenckebach 
periodicity in both pathways. Thus, although Wenck- 
ebach periodicity was simultaneously occurring in the 
slow pathway, it was not manifested because of the 
faster anterograde fast pathway conduction. Only when 
the stimulator was turned off did conduction in the slow 
pathway become manifest resulting in a double ven- 
tricular response (Fig. 6A). Enhanced conduction within 
the anterograde pathway and a decrease in refractori- 
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ess after procainamide is supported by the observation 
f a smaller increase in the A-H interval before devel- 
pment of A-V nodal Wenckebach block compared with 
he control value, a shorter cycle length for Wenckebach 
_ periodicity compared with the control value and 
shortening of the functional and effective refractory 
< periods of the anterograde fast pathway. 
-= “2. Complete insulation of the two pathways is pro- 
-duced by procainamide (Fig. 6B). However, if this hy- 
-pothesis were true, then one would have expected si- 
--—multaneous conduction during atrial premature stim- 
. ulation. m 
8. Conduction shifts from the. anterograde fast 
eie ivy to the anterograde slow pathway!* (Fig. 6C). 
“Although this seems a distinct possibility, the inability 
of the electrode catheter technique to assess the point 
of turnaround of the impulse within the A-V node (that 
is, the distal common pathway) makes this hypothesis 
-difficult to prove or disprove. 

The induction of an echo response through the fast 
pathway during simultaneous anterograde fast and slow 
pathway conduction may be related to (1) sufficient 
delay in the slow pathway enabling the anterograde fast 
pathway to recover excitability so that retrograde con- 
duction could occur through the anterograde fast 
pathway, or (2) selective utilization of a retrograde fast 
pathway different from the anterograde fast 
pathway. | 








Differential Effects of Procainamide on Anterograde 
and Retrograde Fast Pathways — 


Effect on anterograde fast pathway: Procain- 
amide demonstrated differential effects on the antero- 
grade fast and retrograde fast pathways in all three 
patients. Enhanced conduction and decreased refrac- 
toriness of the anterograde fast pathway is supported 
by the following findings: (1) a relatively smaller de- 

— crease in the A-H interval before development of A-V 
nodal Wenckebach block, and (2) a decrease in both the 
functional and effective refractory periods of the an- 
terograde fast pathway. In Case 1 the effective refrac- 

© tory period of the anterograde fast pathway could not 
be attained following procainamide and was probably 
less than the effective refractory period of the atrium. 

. Also the inability to demonstrate a discontinuous A-V 

nodal curve after procainamide in this patient was ob- 
viously related to marked shortening of the effective 
refractory period of the anterograde fast pathway so 
that a discontinuous A-V nodal curve during control was 
|. eonverted to a smooth A-V nodal curve after adminis- 

'. tration of procainamide. In a previous study on the ef- 

.. fects of procainamide in A-V nodal reentrant tachy- 

- cardia Wu et al.? found that this drug had no significant 

. effects on the anterograde fast pathway. However, their 
data indicate that procainamide decreased the effective 

sfractory period of the fast pathway in four of eight 
ients in whom dual pathway curves were observed 
both during the control period and after administration 

. of procainamide. Furthermore, in another four patients 

< they could not assess the effective refractory period of 
‘the fast pathway because after procainamide dual 
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FIGURE 6. Schematic representation of the mechanisms for simulta- — 
neous anterograde fast (FP) and slow (SP) pathway conduction after 
procainamide. A, simultaneous Wenckebach periodicity within the fast m 
and slow pathways. The first two impulses down the slow pathway are 
not manifest because of more rapid fast pathway conduction. However, 
the third impulse down the slow pathway becomes manifest after the 
third impulse down the fast pathway, but only when the stimulator is. 
turned off. B, simultaneous conduction due to insulation of the fast and 
slow pathways. C, crossover of the impulse from the fast to the slow 
pathway during fast pathway conduction, resulting in a dual ventricular E 
response. For further explanation see text. AVN = atrioventricular node; Um 
HB = His bundle. is E 


pathway curves were converted to smooth A-V nodal | 
curves. It is likely that the conversion of a dual pathway 
curve to a smooth curve was related to the shortening _ 
of the effective refractory period of the fast pathway, _ 
the attainment of which was limited by atrial refracto- 
riness as in our Case 1. We were able to assess refrac- . 
toriness of the anterograde slow pathway only in Patient | 
2. in whom procainamide decreased both the functional _ 
and effective refractory periods of the slow pathway. | 
However, enhanced slow pathway conduction is sug- 
gested by shorter cycle lengths resulting in A-V nodal | 
Wenckebach block. These effects of procainamide on 
the anterograde fast and slow pathways are in all like- 
lihood related to the vagolytic effects of the drug.29?4 

Effect on retrograde fast pathway: In contrast to | 
the effects of procainamide on the anterograde fas 
pathway, the drug had a depressant effect on the ret 
rograde fast pathway, as suggested by the following: (1 
the occurrence of V-A block at longer cycle lengths than 
control values; (2) lengthening of the functional re 
fractory period of the retrograde fast pathway, as sug 
gested by an increase in the functional refractory perio 
of the V-A conduction system; and (3) inability to s 
tain tachycardia in Cases 1 and 3 because of block i 
retrograde fast pathway. These effects of procait 
are probably related to its direct depressant eff 
the retrograde fast pathway and are in agreement 
the observations of Wu et al.?* DN 
















s Clinical tinplications: The diametically opposite 
effects of procainamide on the anterograde fast pathway 
-. (enhanced conduction and shortening of refractoriness) 
and retrograde fast pathway (depressed conduction and 
> lengthening of refractoriness) have important impli- 
. cations, These include: (1) The retrograde fast pathway 
- is physiologically and perhaps anatomically distinct 


from s NON fast pathway, and (2) the drug 
response of the retrograde fast pathway resembles that 


of Purkinje muscle whereas the response of the antero- 
grade fast pathway resembles that of the A-V node. 


Previous studies on the effects of digitalis? and vera- 


pamil? on the retrograde fast pathway support these 
conclusions. 
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WARNING 
Spironolactone has been shown to be a 
peng as in chronic toxicity studies in rats 


(see Warnings). Aldactone should be used only 
in those conditions described under Indica- 
tions. Unnecessary use of this drug should be 


avoided. 





Indications: Diagnosis and treatment of primary 
hyperaldosteronism. Essential hypertension, edema of 
congestive heart failure and the nephrotic syndrome, when 
other measures are considered inappropriate. Cirrhosis of 
the liver accompanied by edema and/or ascites. 
Hypokalemia. 

Contraindications: Anuria, acute renal insufficiency 
significant impairment of renal function, or hyperkalemia. 

Warnings: Excessive potassium intake may cause 
hyperkalemia. Potassium supplements should not be given 
with Aldactone. Do not administer concurrently with other 
potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in 
chronic toxicity studies in rats. In one study using 25, 75, 
and 250 times the usual daily human dose (2 mg. /kg.) there 
was a Statistically significant dose-related increase in be- 
nign adenomas of the thyroid and testes. In female rats 
there was a Statistically significant increase in malignant 
mammary tumors at the mid-dose only In male rats there 
was a dose-related increase in proliferative changes in the 
liver. At the highest dosage level (500 mg. /kg.) the range of 
effects included hepatocytomegaly hyperplastic nodules 
and hepatocellular carcinoma; the last was not statistically 
significant. 

Precautions: Patients should be carefully evaluated 
for possible disturbances of fluid and electrolyte balance. 
Hyperkalemia may occur in patients with impaired renal 
function or excessive potassium intake and can cause car- 
diac irregularities which may be fatal. Hyponatremia may 
be caused or aggravated, especially when Aldactone is 
administered in combination with other diuretics. Transient 
elevation of BUN and/or mild acidosis may occur. Aldac- 
tone potentiates the effect of other diuretics or antihyper- 
tensive agents, particularly ganglionic blocking agents; 
therefore the dosage of such drugs should be reduced by at 
least 50 percent when adding Aldactone. Gynecomastia 
may develop and in rare instances some breast enlarge- 
ment may persist. Vascular responsiveness to norepi- 
nephrine may be reduced. 

Spironolactone may cross the placental barrier. Use in 
pregnant women requires that the anticipated benefit be 
weighed against possible hazard to the fetus. Breast feed- 
ing Should be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not 
infrequently. Gastrointestinal symptoms including cramp- 
ing and diarrhea, drowsiness, lethargy, headache, 
maculopapular or erythematous cutaneous eruptions, ur- 
ticaria, mental confusion, drug fever, ataxia, inability to 
achieve or maintain erection, irregular menses or 
amenorrhea, postmenopausal bleeding, hirsutism and 
pense ini of the voice. Carcinoma of the breast has been 
reported but a cause-and-effect relationship has not been 
established. Adverse reactions are usually reversible upon 
discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for 
three to four weeks (long test), or for four days (short test). 
For preparation for surgery or for long-term maintenance 
therapy, 100 to 400 mg. daily 

For edema in adults: Initial daily dosage is 100 mg. in 
divided doses but may range from 25 to 200 mg. daily If 
after five days an adequate diuretic response has not oc- 
curred, a second diuretic which acts more proximally in the 
renal tubule may be added. The dosage of Aldactone 
d remain unchanged when other diuretic therapy is 
added. 

For edema in children: Initial daily dosage should 
provide approximately 1.5 mg. per pound of body weight 
(3.3 mg./kg.) in divided doses. 

For essential hypertension: Initial adult daily dos- 
age of 50 to 100 mg. in divided doses, alone or with diuret- 
ics which act more proximally in the renal tubule, or with 
other antihypertensive agents. Continue treatment for at 
least two weeks since maximal response may not occur 
before this time. Adjust subsequent dosage according to 
patient response. 

For hypokalemia: 25 to 100 mg. daily in divided doses. 


SEARLE 2 
San Juan, Puerto Rico 00936 


Address medical inquiries to: 

G. D. Searle & Co. 

Medical Communications Department 
Box 5110, Chicago, Illinois 60680 


When other measures are considered 
inadequate or inappropriate 


(spironolactone 25 mg) 


The uncomplicator 
in CHF therapy 


[Y] Aldactone, an effective diuretic in its own 
right, also enhances the efficacy of other 
diuretic agents. 


[8] The unique potassium-regulating 
mechanism of Aldactone can prevent hypo- 
kalemia with limited risk of hyperkalemia. This 
helps protect your patient from digitalis- 
induced arrhythmias. 


[ Unlike other potassium-sparers, Aldactone 
specifically antagonizes aldosterone, thereby 
mitigating secondary volume buildup. 


‘For these reasons, Aldactone is a valuable 
adjunct in the treatment of CHEF 


Limitations to Consider: Spironolactone has 
been shown to be a tumorigen in chronic 
toxicity studies in rats. Thus, Aldactone should 
be prescribed only when other measures are 
considered inadequate or inappropriate. (See 
boxed warning and Warnings section of 
Aldactone prescribing information.) 


Before prescribing, please consult the complete 
prescribing information, a brief summary of which 
appears on the preceding page. 


SEARLE Searle & Co. 


San Juan, Puerto Rico 00936 


"Round-the-house" edema, 
electrolyte washout, subtle 
secondary volume buildup 





The Agony. 

Seemed like a good idea. Your 
very own Holter System. Right 
there in the hospital. Then you 
shopped around. 

What you found was an easy 
way to get lost. Umpteen totally 
different models. Endless claims 
. and testimonials. And more mira- 
. cles of modern technology 
. than there are gas guzzlers on 
. America’s used car lots. And not 
- one decent, long-running track 
< record in the bunch. 

. The Ecstasy. 

. But you hungin there. Took some 
chances and made a few guesses. 
And chose the spiffiest new model 
With the most splendiferous fea- 
tures you could find. How could it 
ever be obsolete? Buttons by 

the dozen. Dials, screens, and 
keyboards. And more switches, 


levers, lights, meters, buzzers 


and whistles than you'll ever know 


what to do with. 
You were so happy when it 
arrived. 


And the Agony. 

Now all you had to do was find a 
bit of space for it —well, maybe a 
little more. And train a technician 
or two to operate it —if you could 
find them. | 

Then there was that financing 
(what financing?). Maybe up to 
seventy thousand dollars worth? 
And the interest —at rates known 
as usury in Diblical times. Oh, 
and salaries for the nurses and 
technicians. 

Not to mention maintenance. 
The down time. What to do when 
it's down. What to do when the 
staff is down, or on strike, or... , 
or whatever! 
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The Alternative. 
After all this, one begins to real- 
ize that what was really wanted 
was, not gadgets, gizmos, lights, 
dials, and whistles —but informa- 
tion. Accurate data. Clearly re- 
ported. The kind of well docu- 
mented, intelligently presented, 
quantitated data you get with 
every Clinical Data LCG Report. 
Even if you've seen one of 
Clinical Data's LCG Reports, you 
haven't really seen one of Clinical 
Data's new LCG Reports. We've 
made the best even better. Call 
or write. We'll send you one. 


Clinical Data, Inc. 
1371 Beacon Street, 

Brookline, MA 02146 

Toll-free 800-225-9180 

In Mass. call (1)-734-3700 


Visit us at Booth B124, B126, C123 and C125, at the AHA Meeting in Miami, Nov. 17th-20th. 












Good guess for a layman. But to you these are the e 
They are Cytomegalovirus gastritis (A) Disseminated coccidi- 
oidomycosis(B) and Strongyloides stercoralis filariform larva 
(C). .. infections which demand special care when they strike 
patients with pre-existing illnesses and deficiencies. They are 
@mapng the many discussed in... 












ited by Michael H. Grieco, M.D. 
Text by 47 Specialists. Illustrated with 147 
Drawings and Photos, 78 in Full Color 


Now at your fingertips . . . for instant reference . . . for reward- 
ing study . . . the knowledge of world-renowned specialists to 
help you understand, diagnose, and manage infections which 
attack patients under treatment for 


* Diabetes e (remia 

* Alcoholism * Pulmonary Disease 

* Cancer * Hepatic Insufficiency 

* Drug Addiction * Allograft Transplantation, 
* Rheumatic Disease etc., etc, 


Infections in the Abnormal Host brings together in one giant 
encyclopedic volume, over 1,000 pages, the guidance of a spe- 
cialist team whose collaboration began in the 1960's. In 36 
revealing chapters they review the mechanics of host defenses 
. .the various underlying disorders and the latest treatments 
by chemotherapy, management of agranulocytosis, immuno- 
logical reconstitution, passive and active immunotherapy, and 
immunostimulation. 


A detailed indexing system gives you instant access to every 
diagnostic procedure, every treatment in the book. Study the 
entire book and you will gain priceless knowledge of an im- 
portant and complex field. Consult it as the need arises, and it 
: will help you understand, diagnose, and manage the many in- 
vicia which strike patients whose defense mechanisms are 


Try this important 
new reference book 
30 days free 


An essential manual for practitioners...a long- 
needed text for students. Over 1,000 pages. 

7" x 10". Clothbound. 147 illustrations including 
78 full-color photos. Cornpletely indexed. 
$65.00, plus shipping. 








Yorke Medical, publishers of THE AMERICAN JOURNAL OF MEDICINE, 
THE AMERICAN JOURNAL OF CARDIOLOGY, THE AMERICAN JOGR- 
NAL OF SURGERY, CUTIS, MODERN DRUG ENCYCLOPEDIA 





Check this list of chapters 
PART! HOST DEFENSES 


* Introduction to the Abnormal Host and Complicating Infections * The Neutro- 
il in Host Defense: Congenital, Acquired and Drug-induced Abnormalities + 
Complement System in Human Disease * Structure and Function of Immu- 
noglobulins + Human Lymphocyte Subpopulations: Surface, intracellular, En- 
ic Markers and Functions * Congenital and 
and T Lymphocyte Function * Drug-induced B T Lymphocyte and Mono- 
cyte Dysfunction * Cutaneous, Pulmonary, Gastrointestinal and Genitourinary 
Defense Mechanisms and Relationship to Nosocomial Infections * The Effects 
of Malnutrition on Host R and the Metabolic Sequelae of Infections « 
Humoral and Cellular Responses to Infection 


PARTH INFECTIONS ASSOCIATED WITH THE 
ABNORMAL HOST 


* Pyogenic Bacterial Infections * Higher Bacterial and Fungal Infections * Myco- © 
bacterial Infections * Viral and. Chlamydial Infections * Protozoal and Helmin- 
thic Infections * Infections Complicating the Transfusion of Blood, Blood Prod- 
ucts, Animal sure and Animal Products * infections Complicating the Alco- 
holic Host * Infections in Parenteral Narcotic and Drug Abusers * Infections 
Complicating Uremia and Organ Transplantation * Infections in Patients with 
lastic Diseases * Infections Complicating Diabetes Mellitus * Diagnosis 
and Treatment of Diffuse Pneumonias * Host Deficiency States and Central Ner- 
vous System Infections * Genitourinary Infections * Infections Complicating the 
Rheumatic Diseases © Endovascular and Prosthetic Implant infections * Intra- 
ocular Manifestations of Systemic Infections + Selected Histopathologic Re- 
po * The pekepe d Laboratory in Diagnosis and Therapy * Infections 
omplicating Surgical or Functional Splenectomy and Gastrectomy 


PART II MANAGEMENT 


* Antimicrobial Therapy in the “ompr Host: Resistance, Pharmacology 
and Toxicity « Chemo for Viral and Chlamydial Infections * Chemo- 
therapy for Protozoal and Helminthic Infections * Infection Prevention in Pa- 
tients with Cancer and Granulocytopenia * Immunologic Reconstitution + Gam- 
ma Globulin and Vaccine 


e index 


AMONG THE EMINENT CONTRIBUTORS... 
Michael H. Grieco, M.D., 


Professor of Clinical Medicine, Donald B. Louria 
Columbia University College of H. William Harris 
Physicians and Surgeons, Director, R.A. — Lowell S. Young 
Cooke Institute of Allergy, St. Luke's- Leon Smith 
Roosevelt Hospital Center, New York Daniel M. Musher 
Sheldon H. Wolff Harold C. Neu 


Robert A. Good 
J. Donald Capra 
Anthony S. Fauci 
Elliot Goldstein 
Gerald T. Keusch 


Stephen S. Schimpff 
Roben B. Zurier 
Stephen J. Seligman 
Thomas C. Jones 
...and 30 others 


p———————————-—————-—----—-— 


YORKE MEDICAL BOOKS, 666 Fifth Avenue, New York, N.Y. 10103 
Please send, on approval, —. copies of INFECTIONS IN THE 
ABNORMAL HOST, edited by Michael H. Grieco. | will be free to read 
and consult the book in any and all relevant situations for 30 days. If 
| am not convinced it is a valuable professional tool, | will return it 
and owe nothing. Otherwise, | will remit $65.00 plus shipping. 


CI Send invoice, plus shipping. 
C] Payment enclosed, publisher pays shipping. 























© Charge my credit card: — 1) MasterCard _ Visa. 

Card No. Expire Date 
Name 
Address 
City State Zi cei 
New York residents add applicable sales tax. Countries outside Western 
Hemisphere add 35.00 per copy. 
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D DELIVERABLE 


The ICR 6201G-2b: an information breakthrough 
in Holter cardiography. 


A breakthrough in Holter cardiography doesn’t do medicine a bit of good if it’s still on the 
drawing board. At ICR, not only can every Holter system we make be delivered quickly 
and dependably, but each is also the result of an aggressive clinical evaluation program. 
For instance, our new 6201G-2b Holter system is ready right now for day-to-day use. 
It’s the most sophisticated ever developed. 
Sophisticated in terms of its microprocessor design, its superior range of scanning 


functions, and its sensitivity to and analyses of cardiac information. 

Just as important, as with all ICR Holter systems, it's simple. 
Simple to operate—simple to upgrade— and simply the 
most comprehensive system available. 

The 6201G-2b allows you to choose the infor- 
Da mation summary format you prefer from a 
| wide range of options. This flexibility 
makes the 6201G-2b the most prac- 
tical and powerful Holter system 

ever developed. 

ICR makes a full range of 
Holter systems to meet virtually 
any diagnostic or budget con- 
sideration. We build these 

systems to your exact needs. 


( 50) toll-free 
1-(800)-448-1675. 
In New York, call collect: (315) 437-7291. . 
Ask for a copy of our beautifully : 
illustrated “Failsafe Holter Hook-up” > 
poster and more information on : 
the wide range of ICR Holter 
systems. Or write: Instruments 
for Cardiac Research, 6057 
Corporate Drive, East Syracuse, 
N.Y. 13057, U.S.A. 
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The plain truth about potassium supplements 
| many patients just dont take them 
Many patients just can't take liquid or effervescent prepa- 
rations day after day, no matter how they are diluted or the. 
taste is disguised. Thus, in the long run, they fail to get the 
potassium they need. 


Helps solve compliance problems two ways 
KAON-CL TABS have no taste or after-taste, nom matter 
-how long they are taken. 

KAON-CL TABS are easy to remember, with a simple 
th d. dosage schedule and ready portability. 


Minimizes likelihood of CI complications - 7 
Each KAON-CL TABS tablet provides 500 mg KCI (6.7 


mEq) in a special wax matrix which controls release of 
potassium chloride over several hours. Thus, the likeli- 
hood of high localized concentrations of KC Lin the Gl 
tract is minimized. The reported frequency of Gl lesions 
with wax-matrix tablets is less than one per 100,000 
patient-years. There have been only two equivocal cases of 
GI bleeding reported with KAON-CL TABS to date and 
no reports of small bowel stenosis or ulceration. However, 
clinical experience is insufficient at this time to indicate 
that the incidence is other than the stated numerical ratio. 


Patients stay on 





For summary of prescribing information, please see following page. 
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Description: Kaon-Cl Tabs is a sugar coated (not enteric-coated) tablet contain- 
ing mg potassium chloride (equivalent to 6.7 mEq potassium chloride) in a 
wax matrix. This formulation is intended to provide a controlled release of 

tassium from the matrix to minimize the likelihood of producing high 
ocalized concentrations of potassium within the gastrointestinal tract. 
Indications: BECAUSE OF REPORTS OF IN INAL AND GASTRIC 
ULCERATION AND BLEEDING WITH SLOW RELEASE POTASSIUM 
CHLORIDE PREPARATIONS, THESE DRUGS SHOULD BE RESERVED 
FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO 
TAKE LIQUIDS OR EFFERVESCENT POTASSIUM PREPARATIONS OR 
FOR PATIENTS IN WHOM THERE IS A PROBLEM OF COMPLIANCE 
WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis, in digitalis intoxication and in patients with hypokalemic familial 

riodic paralysis. 

2. For the prevention of potassium depletion when the dietary intake is 
inadequate in the following conditions: Patients receiving digitalis and 
diuretics for congestive heart failure, hepatic cirrhosis with ascites, states of 
aldosterone excess with normal renal function, potassium-losing nephro- 

athy, and with certain diarrheal states. 

X The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a 
normal dietary pattern. Serum potassium should be checked periodically, 
however, and if hypokalemia occurs, dietary supplementation with potas- 
sium-containing foods may be adequate to control milder cases. In more 
severe cases supplementation with potassium salts may be indicated. 

Contraindications: Potassium supplements are contraindicated in patients with 
hyperkalemia since a further increase in serum potassium concentration in such 
patients can produce cardiac arrest. Hyperkalemia may complicate any of the 
following conditions: Chronic renal failure, systemic acidosis such as diabetic 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns. 
adrenal insufficiency, or the administration of a potassium-sparing diuretic (e.g., 
spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have produced esophageal ulcer- 
ation in certain cardiac patients With esophageal compression due to enlarged left 
atrium. Potassium supplementation, when indicated in such patients, should be 
with a liquid preparation. 

All solid dosage forms of potassium chloride supplements are contraindicated 
in any patient in whom there is cause for arrest or delay in tablet passage haug 
the gastrointestinal tract. In these instances, potassium supplementation shou 
be with a liquid preparation. 

Warnings: Hyperkalemia—In patients with impaired mechanisms for excretin 
potassium, the administration of potassium salts can produce hyperkalemia an 
cardiac arrest. This occurs most commonly in patients given potassium by the 
intravenous route but may also occur in patients given potassium orally. 
Potentially fatal hyperkalemia can develop rapidly and be asymptomatic. The use 
of potassium salts in patients with chronic renal disease, or any other condition 
which impairs potassium excretion, requires particularly careful monitoring of 
the serum potassium concentration and appropriate dosage adjustment. 

Interaction with Potassium-Sparing Diuretics—Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a potassium- 
sparing diuretic (e.g., spironolactone or triamterene) since the simultaneous 
administration of these agents can produce severe hyperkalemia. 

Gastrointestinal Lesions—Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are caused 
by a high localized concentration of potassium ion in the region of a rapidly 
dissolving tablet, which injures the bowel wall and thereby produces obstruction, 
hemorrhage, or perforation. Kaon-Cl Tabs (potassium chloride) is a wax-matrix 
tablet formulated to provide a controlled rate of release of potassium chloride and 
thus to minimize the possibility of a high local concentration of potassium ion 
near the bowel wall. While the reported frequency of small bowel lesions is much 
less with wax-matrix tablets (less than one per 100,000 patient years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient years) cases 

‘associated with wax-matrix tablets have been reported both in foreign countries 
and in the United States. In addition, perhaps because the wax-matrix prepara- 
tions are not enteric-coated and release potassium in the stomach, there have 
been reports of upper gastrointestinal bleeding associated with these products. 
The total number of gastrointestinal lesions remains less than one per 100,000 
patient years. Kaon-Cl Tabs should be discontinued immediately and the 
possibility of bowel obstruction or perforation considered if severe vomiting, 
abdominal pain, distention or gastrointestinal bleeding occurs. 

Metabolic Acidosis—Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 

tassium Citrate, potassium acetate, or potassium gluconate. 

recautions: The diagnosis of potassium depletion is ordinarily made by 
demonstrating hypokalemia in a patient with a clinical history suggesting some 
cause for potassium depletion. In interpreting the serum potassium level, the 
physician should bear in mind that acute alkalosis per se can produce hypokalemia 
in the absence of a deficit in total body potassium while acute acidosis per se can 
increase the serum potassium concentration into the normal range even in the 
presence of a reduced total body potassium. The treatment of potassium 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis 
requires careful attention to acid-base balance and appropriate monitoring of 
serum electrolytes, the electrocardiogram, and the clinical status of the patient. 
Adverse Reactions: The most common adverse reactions to oral potassium salts 
are nausea, vomiting, abdominal discomfort and diarrhea. These symptoms are 
due to irritation of de strointestinal tract and are best managed by diluting the 
preparation further, taking the dose with meals, or reducing the dose. 

e most severe adverse effects are hyperkalemia (see Contraindications, 

t Warnings and Overdosage) and gastrointestinal obstruction, bleeding or perfo- 
ration (see Warnings). 

Overdosage: The administration of oral potassium salts to persons with normal 
excretory mechanisms for potassium rarely causes-serious y A iadaaa How- 
ever, if excretory mechanisms are impaired or if potassium is administered too 
rapidly intravenously, potentially fatal hyperkalemia can result (see Contraindi- 
cations and Warnings). It is important to recognize that hyperkalemia is usually 
asymptomatic and may be manifested only by an increased serum potassium 

‘concentration and characteristic electrocardiographic changes (peaking of T- 
waves, loss of P-wave, depression of S-T segment, and prolongation of the QT 
interval). Late manifestations include muscle-paralysis and cardiovascular col- 
lapse from cardiac arrest. 

Treatment measures for hyperkalemia include the following: 

1. Elimination of foods and medications containing potassium and potas- 
sium-sparing diuretics. 

2. Intravenous administration of 300 to 500 ml/hr of 10% dextrose solution 
containing 10-20 units of crystalline insulin per 1,000 ml. 

3. Correction of acidosis, if present, with intravenous sodium bicarbonate. 

4. Use of exchange resins, hemodialysis, or peritoneal dialysis. 

In treating a aier it should be recalled that in patients who have been 
stabilized on digitalis, too rapid a lowering of the serum potassium concentration 
can produce digitalis toxicity. 

' Caution: Federal law prohibits dispensing without prescription. 
How Supplied: Bottles of 100, 250 and 1600. 

Stat-Pak® (unit dose) 100. 


WARREN-TEED LABORATORIES 
DIVISION OF ADRIA LABORATORIES INC. 
COLUMBUS, OHIO 43215 018001 
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4 MATUUUTLULTIS trle 
comprehensive study 
of...the most fascinating 
syndrome in Cardiology... 


THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 


Libi Sherf, MD, FACC 


Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Cer 
Tel Hashomer, University of Tel Aviv—Sackler School of Medicine, and Visi 
Assoc. Professor, Dept. of Medicine, University of Alabama. 


Henry N. Neufeld, MD, FACC 


Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief, 
Heart Institute, Chaim Sheba Medical Center, Tel Hashomer, University | 
Tel Aviv—Sackler School of Medicine. e- 











Every cardiologist, internist, pediatrician, surgeon—inde« 
every physician—should have a good basic knowledge of 
the Pre-excitation Syndrome. Here are just a few reasons v 
this is so essential: 


L] V5 of all pre-excitation cases are misdiagnosed. 

L] 5% to 10% of all tachycardias in adults are produced b: 
pre-excitation. 

(J In % of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

LJ] Vs to ¥%2 of all children with pre-excitation have an 
additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, tl 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors' personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form thi 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints bu 
at the same time evaluating relative strengths and weaknesse 
of each observation and hypothesis. There is brought a wisa 
here which only time and experience can provide. The 
encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff- 
Parkinson.White syndrome. But when knowledgeable 
discussion and personal observations are added, it is 
genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology. " 


Thomas N. James, MD 

The Mary Gertrude Waters Professor of Cardiology and Chairman 
the Department of Medicine, The University of Alabama in Birmir 
ham, and Physician-in-Chief, University of Alabama Hospitals. 


YORKE MEDICAL BOOKS, 666 Fifth Ave., N.Y., N.Y. 10103 


Please send me a copy of THE PRE-EXCITATION SYNDROME 
at $33.00. I may use the book for 30 days and if not completely 
satisfied, return it for full refund or credit. 


..J Bill me plus cost of shipping. 

|] Payment enclosed, publisher pays shipping. 

|| Charge my credit card: | | MasterCard | Visa. 
Card No 71^. Expire Date 


NAME 





ADDRESS 
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New York residents add applicable sales tax. Countries outside Western Hemisphere add 
5.00 per copy. AJC 10/8( 
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PHO/GAMMA* LEM* with stress table 





Ter oem TT 





—— A o eee 


MAGE MAGNIFIE 


R/ROTATOR ~ 





PHO/GAMMA* LFOV™ 


The Pho/Gamma* LEM Scintillation 
Camera provides high resolution, high count 
rate nuclear medicine imaging capability at the 
patient's bedside. The LEM is available with 
power assist or optional power drive and is 
suitable for mobile applications or use in 
stationary settings such as in stress testing 
laboratories. 


The Image Magnifier/Rotator allows 
magnification (up to 2.75 times normal size) 
of camera data prior to digitizing and display. 
Magnification aids in visualizing small organs 
imaged with a large field of view camera. 

The Image Rotator provides 360° rotation of 
camera data to allow operator chosen 
orientation of clinical studies. 


The Pho/Gamma" LFOV™ Scintillation 
Camera is a high performance LFOV 
Detector, integrated with a microprocessor- 


A HISTORY 

OF PERFORMANCE... 
A COMMITMENT 

TO THE FUTURE. 











PHO/GAMMA* LEM" 





GAMMA/COR* RCG 


based Standard Console (Scintiview™ 
with Micro Dot Imager"") that provides 
cardiac analysis and processing with 
optional ECAP and ACAP programs. 


ZLC provides uniformity and linearity 
correction in a manner which will not distort 
quantitative camera data. The demanding 
camera requirements necessary to perform 
quantitative nuclear cardiology are met 
with ZLC. 


The Gamma/Cor ' RCG is a lightweight, 
highly mobile cardiac system which offers a 
unique direct method for rapid, repeatable 
assessment of left ventricular ejection fraction 
in a minimally invasive, safe manner right at 
the patient's bedside. The Gamma/Cor also 
provides assessment of other cardiac 
parameters such as cardiac output. 


SIEMENS 
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GG R A Acquisition and Processing Features 
EJECTION F CTION Operator selection of study termination 
CALCULATION parameters (memory full, time). For 

int tion studies, up to eight tial 

START TO STOP mult-gated blood pool studies may be 
red. Rapid lysis of icul 

IN 3 MINUTES OR LESS | csse cens 


(EC AP)" by use of lite pen or automatically via an 
-~ advanced edge detection algorithm 

-— requiring little or no operator intervention. - 
Ejection fraction processing takes Storage of R-R time intervals, ejection fraction 
3 minutes or less using Scintiview's™ data, volume curve and regions of interest 
microprocessor based electronics, is permitted. 
English language pushbutton operation 
and ECAP (Extended Cardiac 
Analysis Package). Myocardial Gated Imagery 
ECAP features extended wall motion Stop action viewing of technetium pyro- 


iW phosphate infarct images or Thallium-201 


analysis via "stroke volume", “ejection perfusion images is provided in a 128 x 128 
fraction” and “paradox” images, matrix. 100 millisecond time intervals provide 
128 x 128 gated acquisition for myo- motion deblurring without excessively pro- 
cardial images, and sequential longed study time. Thallium-201 four frame. 
acquisition and processing "batch" 128 x 128 oe MAJS: t be eee n 
of multi-gated blood pool studies. ene eee 


i DE FIN E Extended Wall Motion Analysis 
LE FT VENTRICULAR Display of regional volume changes on a pixel 
BORDER WITHOUT formal via "unctional" images. Analysis of 
OPERATOR —— peer Image, Oven che dol 


INTE RVENTION (ACAP)" and systolic borders over the "stroke volume" 


image are possible to aid in RO! assignment 


ACAP, the third in a series of new over the left ventricle. 
cardiac perfornance packages, ECAP and ACAP are part of our commitment 
provides complete and automatic to nuclear cardiology. For complete informa- 


tion on ECAP ACAP and/or our line of nuclear 


definition of the left ventricular border cardiology products, Pho/Gamma® LEMe, 


in each frame of d multi-gated study, Pho/Gamma SFOV and LFOV™, Pho/Con?, 
without operator intervention. ACAP Gamma/Cor?, Slant Hole Collimator, or 
also includes all of ECAP's features. Image Magnifier-Rotator, call or write today. 


SIEMENS GAMMASONICS, INC. 
Nuclear Medical Division — 

2000 Nuclear Drive 

Des Plaines, IL 60018 

Telephone 312/635-3100 


Multi-gated blood poo! studies can be acquired in either single Regional wall motion changes within the heart can be displayed 
or sequential modes with the ejection fraction data displayed through “stroke volume" and “ejection fraction" images. Addi- 
for one study or up to eight stress or intervention studies — tronally paradox images enhance the diagnosis of dyskinetic 


at once. myocardial segments for complete cardiac analysis. 
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A gated 128 by 128 mode reduces motion blur in myocardial The ACAP Program provides an automated wall detection 
images without significantly prolonging study time method for outlining left ventricular borders and provides accu- 
rate. reproducible left ventricular ejection fractions. 
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Significant hypertension can develop in 15 to 40 percent of patients — 
undergoing various types of cardiac surgery. These hypertensive episodes _ 
can occur at almost any time before, during or after open or closed chest _ 
operations. The various hypertensions encountered in this context do not 
form a homogeneous entity; they are not due to the same causes and do 
not necessarily develop by the same mechanisms. Their frequency and _ 
seriousness have been demonstrated by reports from many centers: _ 
hence, the urgent need for accurate definition of their various types to 
allow ‘correct identification and therapy. A classification based on well - 
defined. clinical events is therefore proposed and possible mechanisms | 
for the more common types of hypertension are reviewed. Prophylactic - 
measures include reassurance,’attention to details of anesthesia and — 
maintenance of preoperative antihypertensive therapy when indicated; — 
for patients with coronary artery disease, preventive nitrate therapy as _ 
well as prompt attention to chest pain is essential. Both general and — 
specific antihypertensive measures to control the more common types _ 
of hypertension complicating cardiac.surgery are outlined. ER 


Since its initial description in 197 3,! hypertension has been increasingly 
recognized as a frequent complication of coronary bypass surgery? and. 
has been reported to occur in 30 to 50 percent of cases.'-? The compli- - 
cation can be quite serious, L^ and the final outcome depends on the © 
rapidity of diagnosis and early initiation of adequate therapy.^" Apart | 
from defining a specific problem, clinical studies of this syndrome have _ 
also created heightened sensitivity to hypertension in cardiac surgery - 
and increased awareness that hypotension is not the only danger to be 
guarded against.” n ae a 
As reports and studies from various centers rapidly increase, a more - 
exact definition of the problem is needed to avoid confusion, especially 
because hypertension associated with cardiac surgery is not limited to 
coronary bypass grafting or to the postoperative period.?-!! Pressor 
factors abound in the situation surrounding open heart surgery 1149; 
hence, hypertension may occur at different periods in relation to the - 
procedure, as well as from various causes or mechanisms. The many 
mechanisms that can be involved in different circumstances are illus- 
trated by current discussions about pathophysiologic characteristics an 
various approaches to therapy.!-*12-!4 This multiplicity is hardly s 
prising because systemic arterial pressure is determined by a highly i1 
tegrated cardiovascular control system. The multiple variables involve 
in this system!? can all be affected by anesthesia, surgery and cardi 
pulmonary bypass: hence, the predisposition to potentially damagin 
hypotension or hypertension during major surgical interventions. — 

















Classification | | 

Serious hypertension can occur with any type of cardiac surgery : 
at practically any time, from the moment of wheeling the patient: 
surgical unit to a few months after cardiac valve replacement.? 
classification based on cause or specific mechanism would be both 
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surrounding the subject and of the many factors in- 
volved. In contrast, a classification based on well defined 
clinical events such as timing in relation to surgery 
would allow an acceptable definition of the hyperten- 
sion that is being considered and, thus, comparison of 
reports from different observers. | 
The hypertension occurring during endotracheal 
intubation or during cardiopulmonary bypass develops 
in a setting different from that which occurs during 
arousal from anesthesia. Grouping all these types of 
hypertension together, as some reports have done, 
would either prejudge the issue of causation or result in 
an unwieldly heterogenous entity (Table I). 
- The definition of levels considered as hypertensive 
episodes has varied among published reports. Estaf- 


anous et al.,! in their original description, defined a - 


hypertensive episode as a rise in blood pressure to levels 
above 160/100 mm Hg in previously normotensive pa- 
tients or an increase of more than 30 mm Hg (either 
systolic or diastolic) above preoperative levels in hy- 
pertensive patients. Elevations rapidly controlled with 
sedation or by increasing the level of anesthesia have 
been discounted in most studies!'-?; this does not mean 
that they should not be attended to carefully. 


Preoperative Acute Hypertension 


Chaptal et al.!” stressed the frequency of acute in- 
creases in arterial pressure in the preanesthetic period; 
Roberts et al.? found such increases in 15 percent of 
their patients. Obvious reasons for these changes in- 
clude inadequate premedication, anxiety and discom- 
fort from various interviews, injections or tests. More 
important, a sudden rise of pressure in patients with 
coronary insufficiency can precipitate angina pectoris 
and trigger a vicious cycle of hypertension and chest 
pain. *!? Adrenergic hyperactivity was documented 


TABLE j 
Hypertension Associated With Cardiac Surgery 


Preoperative 
Anxiety situation, anginal crisis, and other incidences 
Discontinuance of antihypertensive therapy | 
“Rebound” from beta blocking agents in patients with coronary artery 

disease 
Intraoperative 
- Induction of anesthesia 
. . Specific drugs 


Hypertension due to tracheal intubation and nasopharyngeal, 


; urethral or rectal manipulation 
. Precardiopulmonary bypass (during sternotomy and chest retrac- 
tion) 
c. Cardiopulmonary bypass. 
: Postcardiopulmonary bypass (during surgery) 
Postoperative - 
. Early— within 2 hours 
_ Obvious cause: hypoxia, hypercarbia, ventilatory difficulties, hy- 
pothermia shivering, arousal from anesthesia 
With no obvious cause: after myocardial revascularization: less 
frequently after valve replacement; early (Sealy type l) hyper- 
tension after resection of aortic coarctation 


Intermediate— 12 to 36 hours after surgery: Sealy type Il after repair - 


of aortic coarctation 
Late— weeks to months: after aortic valve replacement by homo- 
grafts 





ficult and premature because of the current controversy 





+ 


i by a shortened Q-Ss interval in many patients before 


saphenous vein bypass grafting; this interval measured 
preoperatively was, in fact, significantly shorter in those 
who later had a perioperative infarction.2° Premedica- 
tion to provide adequate sedation and analgesia is ob- 
viously needed; the routine use of nitrites (“nitroglyc- 
erin paste") as a component of premedication might also 
help prevent a paroxysm of hypertension secondary to 
coronary insufficiency. — 

Role of preoperative antihypertensive agents: 
Of particular importance in this context is careful pre- 
operative monitoring of arterial pressure. Hypertension 
can develop before the chest pain of coronary insuffi- 
ciency.!? Rapid increases in blood pressure could also 
be due to cessation of antihypertensive therapy before 
surgery.*! Better knowledge of pharmacology and cir- 
culatory control mechanisms has modified that practice, 
which was the rule until the early 1960s??; each case and 
each drug must be considered in its own right. The 
tendency today would be to avoid cessation of antihy- 
pertensive therapy to prevent the burden of a rising 
pressure on the heart and atherosclerotic vessels.22.23 
Because newer antihypertensive agents have a much 
shorter duration of action than that of older drugs such 
as reserpine and guanethidine, the return of arterial 
pressure to hypertensive levels could occur rapidly. 
Moreover, “rebound” adrenergic hyperactivity has been 
described after abrupt cessation of clonidine?! and 
propranolol*®; the clinical findings are not restricted to 
an increase in pressure but include a recognized syn- 
drome of restlessness, tachycardia and a slight flush 
suggestive of an autonomic crisis. In this situation the 
possible dangers to a patient with cardiac or coronary 
disease are obvious. The time has therefore come for a 
reevaluation of rules regarding beta adrenergic blockade 
and cardiac surgery. It is now our practice to maintain 
beta adrenergic blocking agents until the time of sur- 
gery. In our opinion, the advantages of decreased 
myocardial oxygen consumption obtained by controlling 
blood pressure and slowing heart rate outweigh the risk 
of possible hypotension during surgery, a risk that can 
easily be managed. 

In summary, careful appraisal of antihypertensive 
therapy is an essential step in preparation for surgery. 
Rules regarding maintenance or discontinuance of 
treatment must be individualized with preference given, 
if possible, to continued control of arterial pressure by 
relatively short-acting agents that interfere as little as 
possible with baroreceptor reflexes. | 


Intraoperative Hypertension 


Induction of anesthesia: This procedure constitutes 
one of the more serious threats to circulatory stability.22 
The dangers of hypotension and its management have 
been stressed in the past.?6-28 In that context, the 
relation of sympathetic activity of anesthetic agents, 
cardiac performance and vascular control is of particular 
importance. The contractility of the isolated heart is 
severely reduced by most anesthetic agents,?? but this 
reduction is counterbalanced in intact organisms by 
reflex sympathetic activity.?? Undue depression of ad- 
renergic activity is undesirable in diseased hearts be- 
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they are more dependent than normal on this 
rive for adequate performance.?? A case was therefore 
nade for the discontinuance preoperatively of drugs 
uch as some antihypertensive agents that could in- 
erfere with autonomic reflexes. However, hypertension 
g surgery can be equally threatening in patients 
heart disease, particularly those with coronary 
rtery disease. Although paroxysmal increases in 
»ressure are not necessarily prevented by maintaining 
intihypertensive therapy, they might be exaggerated 
yy its untimely discontinuance.^^! In that context, 
oronary artery disease adds another complication be- 
'ause of the potential imbalance between a restricted 
nyocardial oxygen supply and the increasing demand 
egondary to a rising pressure. 
‘Tracheal intubation: Severe intraoperative hy- 
yertensive episodes are particularly likely to occur at 
hree periods: during intubation (Fig. 1), during median 
sternotomy and retraction of the chest wall and some 
ime during or immediately after cardiopulmonary 
yypass. Induction of anesthesia by morphine sulfate?! 
or the use of pancuronium bromide for muscle relaxa- 
4on?? can lead to undesirable tachycardia and an in- 
ease in arterial pressure in patients with coronary 
artery disease. However, a much more severe and fre- 
quent hypertension is associated with tracheal intu- 
bation. Stimulation of nerve endings in the nasopharynx 
by thermal probes and nasogastric tubes can lead to 
severe hypertension in any patient, especially in pre- 
»peratively hypertensive subjects when anesthesia is 
light and the stimulation prolonged. The increase in 
blood. pressure is not usually prevented by previous 
antihypertensive therapy. Similar increases in pressure 
can also be seen on extubation.?? These hypertensive 
crises can produce acute left ventricular dysfunction?? 
and affect the outcome of cardiac surgery. Several 
protocols have been designated to minimize them. They 
include increasing the level of anesthesia and use of local 
anesthetic sprays, intravenous vasodilators, beta 
blocking agents and even stellate block.?* 
Sternotomy: During median sternotomy, acute hy- 
pertension was found to develop rather frequently in 47 
percent in one series of 40 patients reported on by 
Chaptal et al.!7 and in 41 percent of 69 hypertensive 
episodes described by Roberts et al.? The increase in 
arterial pressure was usually associated with tachy- 
cardia, ST-T wave changes and, occasionally, multifocal 
ventricular premature complexes.’ This initial eleva- 
tion in pressure was associated with a later postopera- 
tive episode in 54 percent of one series.? The mecha- 
nisms of this hypertension have not yet been defined 
precisely although the clinical findings suggest sym- 
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FIGURE 1. Hypertensive response to endo- 
tracheal intubation. N.T.G. = nitroglycerin. 
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pathetic stimulation, possibly reflex in origin. The hy- 
pertensive response to sternotomy in human subjects 
contrasts sharply with the marked reduction in blood 
pressure seen on opening the chest wall in spont 
neously hypertensive rats,?? although not in rats with 
renal hypertension.?9 These differences in response, 
apparently to the same stimulus, underline the diffi- 
culty in extrapolating results from one cardiovascular 
setting to another. "xd pom 5 e 
Cardiopulmonary bypass: On initiation of cardio- 
pulmonary bypass, mean arterial pressure usually de- 
creases by as much as 45 percent but it begins to rise _ 
toward prebypass levels within a few minutes.” The 
reduction and subsequent increase in arterial pressure _ 
are not related to changes in cardiac output because _ 
these develop while the aorta is cross-clamped and the 
heart excluded from the circulation. Also, the changes _ 
in mean arterial pressure do not reflect the changes that _ 
occur in the pump output; the rise in arterial pressure _ 
is therefore mainly related to variations in peripheral _ 
vascular resistance. The cause and mechanisms of these _ 
variations have not been fully elucidated. Factors . 
mentioned include dilating effects of priming solutions, ' 
histamine release, increase in antidiuretic hormone and 
alterations in circulating catecholamines.77-?? Con- | 
cerning the latter, in most reports the data have been s 
analyzed in unifactorial terms rather than as part of a — 
complex of interacting mechanisms.*° In a situation | 
entailing cross-clamping and manipulation of the aorta, - 
activation of reflex pressor mechanisms‘! could be 
postulated. Less speculative are changes in circulating. 
angiotensin II levels consequent to cardiopulmonary - 
bypass.**? M, tor St 
Taylor et al.43 have shown that plasma angiotensin | 
II levels were markedly higher during nonpulsatile by- 
pass and that this increase could be attenuated by using . 
pulsatile flow. Alterations in peripheral vascular resis- 
tance were said to correlate closely with changes in. 
plasma angiotensin II; further, arterial pressure and 
vascular resistance decreased significantly after infu- - 
sions of captopril.*? The evidence appears quite im- 
pressive but it was derived only from observations or 
experiments in which mean arterial pressure was not 
increased.424? The extension of these conclusions to | 
hypertension was only inferential; despite the high | 
levels of plasma angiotensin II reported, no actual hy- - 
pertensive episode was described. That nonpulsatile- 
flow can activate the renin-angiotensin system and in- $ 
creased angiotensin II can lead to marked vasocon- 
striction appear plausible; their casual relation to in- 
traoperative hypertension has not yet been directly - 
demonstrated. 3 
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Hypertensive episodes during cardiopulmonary 


bypass have not been infrequent in our experience; 
Roberts et al.? did not mention any in their series of 100 
consecutive operations. When these episodes occurred 
the increase in pressure in our patients did not respond 
either to deepening the level of anesthesia or to reducing 
pump flow, but it was controlled by vasodilators. This 
increase in blood pressure did not correlate with the 
subsequent development of hypertension in the post- 
operative period. 


Hypertension After Cardiac Surgery 


. Paroxysmal hypertension in the immediate postop- 
erative period is a frequent and potentially dangerous 
condition. Many precipitating factors could be impli- 
cated: arousal from anesthesia, tracheal and naso- 


pharyngeal manipulations, pain, hypothermia, shiver- 


ing, poor ventilation and the use of pressor agents as well 
as the diminishing effects of antihypertensive medica- 
tions. In addition, postoperative coronary insufficiency 
or myocardial infarction might increase blood pressure; 
signs of cardioadrenergic stimulation were particularly 
marked after coronary bypass in those patients who 
sustained a postoperative infarction.2° Hypervolemia 
s often cited as a possible cause of postoperative hy- 
3ertension. However, the relation of fluid overload to 
ncreased arterial pressure is more complex than the 
‘elation between container and content.44 Compensa- 
ory neural mechanisms can adequately buffer sizable 
variations blood volume**; only in the functional ab- 
ence of such reflexes or of renal excretory function will 
wterial pressure correlate directly with hypervole- 
nia.*54^9 However, marked sympathetic reaction to 
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QGURE 2. Hypertension after coronary bypass surgery. BP = blood 
ressure; HR = heart rate. 








hypovolemia could be an unrecognized cause of serious 


hypertension and impaired tissue perfusion.47 


Early Types of Postoperative Hypertension 


Postcoronary Bypass Hypertension 


Since its original description in 1973,! this type of 
hypertension has been recognized as possibly the most 
common complication of coronary bypass surgery, oc- 
curring in 30 to 50 percent of patients.2-4 A similar 
condition has also been seen after cardiac valve re- 
placement, but the incidence rate is much smaller (8 to 
10 percent).!-!° The difference might be related to the 
brittleness and instability of blood pressure control in 
patients with coronary artery disease. Of particular 
importance are the reduced baroreceptor sensitivity!? 
and frequent hypovolemia?? in such patients. 

The frequency of the condition and its serious im- 
plications!-?? have stimulated a large number of stud- 
ies; these have outlined a clinical syndrome with typical 
hemodynamic characteristics.!49 Generally agreed on 
are the early incidence of this hypertension in the first 
few hours postoperatively,!-? its paroxysmal course!-?12 
and its association with mild tachycardia, increased 
peripheral resistance and an elevated mean rate of left 
ventricular ejection.*? It has been reported as frequently 
among hypertensive patients as among previously 
normotensive subjects.!-? 

Clinieal description: The increase in arterial pres- 
sure occurs usually during the first 4 hours after oper- 
ation both in patients already awake and in those still 
anesthetized. The blood pressure increases gradually 
but steadily (Fig. 2) despite adequate sedation and well 
controlled ventilation.! On clinical examination, we 
found no evidence of pallor, cyanosis or sweating, al- 
though the pressure may have occasionally exceeded 
preoperative levels by 60/35 mm Hg. This increase was 
not associated with any significant clinical sign except 
increased oozing and blood loss from the chest tube.® 


_ Despite the increase in pressure, there was no slowing 


of pulse rate; on the contrary, it tended to be slightly 
more rapid"? with only occasional premature ventricular 
complexes'; ventricular fibrillation was reported in two 
patients. Central venous and left atrial pressures 
usually remained within normal limits.!229 

A search for predisposing factors by several inves- 
tigators did not produce any consistent results; findings 
were also mostly negative in our experience.!!2 Most 
authors agree that the type of anesthetic agent, the 
duration of cardiopulmonary bypass and the distribu- 
tion of coronary arterial lesions did not significantly 
influence the incidence of postoperative hypertension. 
Our impression was that this hypertension occurred 
more frequently among patients with well preserved 
myocardial function. This impression was strengthened 
by our experience with early systemic hypertension after 
cardiac valve replacement.!? Hypertension appeared 
to develop somewhat more frequently after aortic valve 
replacement than after mitral valve replacement (12.1 
versus 5.9 percent); none of the 18 patients who had 
double valve replacement had postoperative hyper- 
tension. This difference in incidence was attributed to 
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ference in myocardial status among these 
Be See . 8 
Pathophysiology: The increase in blood pressure 
after coronary bypass surgery was related in all pub- 
lished reports?!2-49.50 to an increase in total peripheral 
resistance. This conclusion was not based only on group 
averages; in our study the hemodynamic evolution after 
coronary surgery was described using each patient as 
his own control.*? The change in hemodynamic pattern 
as pressure increased was the same in all patients, with 
no significant change in either cardiac output or central 
venous or left atrial pressure. These findings helped us 
to discount hypervolemia as a cause for this hyperten- 
sion.!? Two paradoxical findings were associated with 
tpe increase in pressure: (1) lack of slowing of heart rate, 
and (2) further elevation of the mean rate of left ven- 
tricular ejection. This hemodynamic pattern suggested 
anincreased sympathetic drivethat, in turn, helped to 
explain why cardiac output was not reduced despite the 
rapid increase in blood pressure. 

- Neural factors: The hypothesis of sympathetic 
stimulation was further supported by reports of sta- 
tistically significant correlations between the increase 
jn mean arterial pressure and elevations in plasma 
catecholamine levels.?!? However, these correlations 
were not very close, suggesting either the interplay of 
other factors or a lack of sufficient sensitivity of circu- 
lating catecholamines as an index of sympathetic ac- 
tivity. 

We postulated as early as 1973 that the sympathetic 
overdrive was possibly related to activation of pressor 
reflexes from the heart, great vessels or coronary ar- 
teries. In favor of a reflex mechanism was the parox- 
ysmal nature of the hypertension, its temporal relation 
to manipulation of the heart and its vessels and the 
absence of other obvious hemodynamic factors. The 
importance of pressor reflexes originating from the 
heart and great vessels has repeatedly been demon- 
strated !3.19,41,51-53. Malliani and Brown?! showed that 
depressor reflexes originating from the coronary arteries 





were mediated by vagal afferents in contrast to pressor. 


reflexes that coursed through sympathetic afferents. A 
hypertensive chemoflex from the heart was related by 
James et al.!? to a small serotonin-sensitive chemore- 
ceptor in an area in which blood supply was derived 
from a special small branch of the left main coronary 
artery. This reflex is mediated by vagal afferents and 
its existence has not yet been proved in man.'? Malliani 
et al.52 reported that stretch of the thoracic aorta in cats 
led to reflex increases (mediated by sympathetic af- 
ferents) of arterial pressure and heart rate. 

Our previous experience with stellate stimulation,” 
as well as the lack of any obvious predilection of 
postcoronary bypass hypertension for operations on any 
single coronary bed, suggested that of the various pos- 
sible pressor reflexes, the more important in this context 
-were those that involved sympathetic afferent fibers. 
We therefore elected to test the effect of unilateral 
stellate ganglion block in patients with hypertension 
after coronary bypass surgery. Both in our initial series 
of 27 patients! and in a subsequent larger group,!” an 
effective unilateral block resulted in rapid and definitive 
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normalization of arterial pressure in the vast majorit: 
of cases. The reduction in blood pressure was rapid 
smooth and related to a decrease in systemic resistance 
with no evidence of diminished cardiac performanc 
(Fig. 3).!4 These results were interpreted to indicate t! 
the blood pressure response was probably due to in 
terruption of afferent fibers coursing through or relayin 
in either stellate ganglion. If the blockade had acte: 
mainly by interfering with efferent cardiac sympatheti 
drive, one would have expected a depression of cardia 
output. This is what happens with acute beta adrener 
blockade; in such instances, cardiac output decrea 
but total peripheral resistance increases and bk 
pressure is left unchanged.»? This pattern is obvious] 
quite different from the immediate reduction in bot 
arterial pressure and peripheral resistance produced b 
the unilateral stellate block. This widespread heme 
dynamic effect of a unilateral block suggests the inte 
ruption of a pressor reflex. E 
The success of stellate block does not mean that all 
cases of hypertension after coronary bypass surgery are - 
due to pressor reflexes from sympathetic afferent fiber 
Other causes of hypertension after cardiac surgery are 
known (Table I); even among those cases with no ob- 
vious cause, some hypertension might conceivably be 
due to activation of the hypertensive chemoflex.!? A 
possible role for an activated renin-angiotensin system | 
in some cases,” even if confirmed, does not necessarily 
contradict a “cardiac” origin for this hypertension be- 
cause sympathetic stimulation is a potent cause of renin 
release. x 
Renin-angiotensin system: Reports by Roberts et 
al? and other investigators?9-5?? emphasized the 
pathogenetic importance of increased plasma renin 
activity in postcoronary bypass hypertension. Although 
this renin-angiotensin system can be activated during 
nonpulsatile cardiopulmonary bypass, *4%43 a definite 
relation of increased angiotensin II to postoperative 
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ypertension has not, in our opinion, been demon- 
trated. Further, neither in our experience nor in that 
f others was it possible to document a particularly el- 
vated plasma renin activity in patients in whom hy- 
ertension later developed after coronary bypass sur- 
ery. No correlation was found during the postoperative 
eriod between changes in blood pressure and change 
1 plasma renin activity.'* Converting enzyme inhibitors 
ere effective in control of hypertension after bypass 
argery,°” but these results can hardly be considered 
nequivocal evidence of an angiotensinogenic causation. 
‘he very mechanisms by which these inhibitors de- 
‘ease arterial pressure are themselves debated.50 


arly Hypertension After Resection of 
ortic Coarctation 


. Hypertension after resection of coarctation of aorta 
as described by Sealy5! in 1957. The increase in blood 
ressure occurs either early, immediately after surgery 
ype D, or 24 to 36 hours postoperatively (type ID 
‘intermediate postoperative hypertension"). The 
early hypertension" was reported in more than 17 
ercent of patients®!; it lasts about 8 to 12 hours and 
sponds adequately to vasodilator therapy. In our ex- 
erience, its clinical characteristics are similar to those 
! postmyocardial revascularization hypertension. The 
emodynamics of this type of hypertension were not 
udied because attention was mostly directed to the 
iore serious “hypertension type II." 


Intermediate Hypertension 


Hypertension after resection of aortic coarcta- 
on: This type of hypertension (Sealy type ID, which 
eveloped in 10 to 12 percent of patients, begins 36 to 
3 hours after surgery; it is not related to the "early 
sealy type I) hypertension" but its incidence and se- 
srity are related to both the tightness of the coarctation 
id the age of the patient.955? The rise in pressure is 
ost pronounced in the diastolic levels and is usually 
'companied by significant tachycardia; it is often 
mplicated by abdominal pain and signs and symp- 
ims of an acute abdomen due to mesenteric endart- 
itis.9? The increase in pressure has been related to 
creased sympathetic activity consequent to reduction 
‘baroreceptor inhibition of vasomotor centers. After 
iccessful resection of the coarcted segment, the arterial 
'essure decreases in the upper part of the body leading 
inactivation of the baroreceptors that had been ac- 
istomed to higher pressure levels. The release of 
mpathetic activity from tonic baroreceptor inhibition 
sults in a “vasoconstrictor storm" 9? with marked el- 
ation of blood pressure and heart rate. The mesenteric 
ssels that were used to the lower level of pressure 
evailing below the level of the coarctation are now 
ddenly exposed to severe hypertension, precipitating 
darteritis and vascular necrosis with consequent in- 
stinal ischemia and infarction. Clinical awareness of 
is syndrome and routine early prophylactic antihy- 
rtensive agents have minimized the incidence of this 
mplication. 


Late Hypertension 


Aortic valve replacement by homograft: Layton 
et al.'© reported in 1973 a type of late postoperative 
hypertension after aortic valve replacement by homo- 
graft. In their experience, this hypertension occurred 
in up to 50 percent of patients; in some cases the blood 
pressure began to increase early after surgery, but the 
incidence of hypertension gradually increased to involve 
more than half of their 116 patients 5 years after valve 
replacement. This incidence was much greater than that 
expected from general statistical considerations for this 
particular population. The development of hyperten- 
sion was not related to preoperative blood pressure 
levels; however, it was more frequent in male than in 
female patients and in those who underwent surgery fer 
aortic regurgitation than in those who had aortic ste- 
nosis. Neither the cause nor mechanisms of the increase 
in blood pressure were clear; what was significant was 
the high rate (40 percent) of homograft valve failure in 
patients with uncontrolled hypertension as compared 
with the 11 percent of failure in those who remained 
normotensive or whose blood pressure was adequately 
controlled. 


Treatment 


Whatever the causes and timing of hypertension, it 
is a serious complication for patients recovering from 
open heart surgery. The increase in pressure and in total 
peripheral resistance increases cardiac work and myo- 
cardial oxygen consumption. Previous studies50.64 
demonstrated that the endocardial viability ratio, as 
well as the ratio of diastolic to systolic pressure time 
indexes, was lower in patients who had postoperative 
hypertension than in those who remained normotensive. 
The decrease in these indexes means an increased sus- 
ceptibility to subendocardial ischemia, which can be 
further aggravated by the anemia due to the hemodi- 
lution that is often used in heart surgery.9? Hyperten- 
sion also increases the risk of cerebrovascular accidents. 
The incidence and amount of postoperative bleeding in 
a previously heparinized patient are much greater 
during hypertension. It is evident, therefore, that every 
effort should be made to prevent, control and treat 
hypertension promptly and adequately during various 
stages of heart surgery. 

Adequate treatment depends on correct diagnosis. 
Wide variations can and do occur in blood volume, total 
peripheral resistance, pulmonary vascular resistance, 
myocardial perfusion and contractility and heart rate, 
both during and after cardiac surgery. Hence, a correct 
diagnosis must be based on adequate monitoring and 
thoughtful interpretation of various indexes. These 
entail close follow-up (using properly calibrated 
equipment) of both pulmonary and systemic arterial 
pressures, as well as the filling pressure in the right heart 
chamber and, if possible, also in the left chambers. 
Determination of cardiac output and estimate of fluid 
balance are important in certain conditions. A rational 
choice of therapy is made easier by defining the mech- 
anisms underlying the rise of arterial pressure at dif- 


| October 1980 The American Journal of CARDIOLOGY Volume 46 













erent stages of surgery or of the postoperative pe- 
zeneral Measures 

- Attention to details, thoughtful preparation of the 
;atient and general measures to avoid pain and vaso- 
'onstriction are more important in preventing hyper- 
‘ension or in treating it than hasty use of antihyper- 
ensive agents. Prophylaxis begins long before surgery. 
‘n our opinion, antihypertensive therapy including beta 
idrenergic blocking agents should be continued until 
he time of surgery. Hypotension, whether or not it is 
‘elated to antihypertensive therapy, can be averted by 
sood monitoring, and we believe that in proper cir- 
umstances its risks are far less than the deleterious 
affects of uncontrolled hypertension. Although each 
zase should be handled on its own merits it has been our 
impression that maintaining antihypertensive therapy 
is preferable. However, cessation of administration of 
diuretic drugs for 1 or 2 days may help avoid the risk of 
dehydration in patients who may have marginal renal 
function. 

Hypertension due to pain and anxiety is minimized 
by adequate premedication with a strong analgesic 
agent (morphine sulfate) and an amnesic agent (sco- 
polamine). During the postoperative period all patients 
should receive, in doses adjusted according to their 
hemodynamic status, sufficient analgesic and sedative 
agents every 2 hours for the first 48 hours and when 
required thereafter to ensure that they remain free of 
pain.9* 

Hypothermia and vasoconstriction do occur in both 
the operating room and the intensive care unit. When 
the the patient is rewarmed after hypothermic perfu- 
sion, body temperature may drift down again; hypo- 
thermia may also occur from exposure of the patient 
with open chest to the relatively low operating room 
temperature. Both nasopharyngeal and rectal temper- 
atures must be closely monitored and all administered 
fluids warmed to 37° C. Warming blankets are used 
ed needed to avoid the vasoconstriction provoked by 
cold. 


Antihypertensive Agents 

Peripheral vasodilators: Short-acting peripheral 
vasodilators that do not overstimulate the heart are the 
drugs of choice for treatment of hypertension during 
and after cardiac surgery. These vasodilators have a 
rapid onset of action and their dose can usually be ti- 
trated to achieve the desirable level of blood pressure. 
However, all vasodilators are not equivalent in their 
spectrum of action; those like diazoxide or hydralazine, 
which have little effect on veins may produce undue 
stimulation of the heart. More appropriate to the 
conditions of cardiac surgery are vasodilators like so- 
dium nitroprusside, which dilate veins as well as resis- 
tance vessels.6e | 

Sodium nitroprusside: This vasodilator is the most 
consistently effective drug for management of hyper- 
tensive crises.9" In our opinion, it remains the drug of 
choice for hypertension associated with acute coronary 
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insufficiency and left ventricular impairment.9?-7! Le 
ventricular stroke work and filling pressure are di 
creased and left ventricular performance is en- 
hanced 59-7! Cardiac output could be increased, pa 
ticularly when the left ventricular filling pressure 1s 
initially high and left ventricular function impaired; 
when left ventricular filling pressure is normal or low, 
cardiac output might be decreased to a variable extent. 
Similarly, heart rate is increased in subjects witho 
heart disease but it is not significantly altered in tho 
with cardiac decompensation.9? t 
Nitroglycerin: For the last 10 years we have usi 
different preparations of nitroglycerin perioperative 
in open heart surgery.?? It is a peripheral vasodilator foi 
both resistance and capacitance vessels’? with beneficia 
effects on the coronary circulation; in cardiac surgery 
it has proved useful as a short-acting hypotensive 
agent. i 
We have utilized nitroglycerin ointment (2 percent: 
in our routine premedication for all patients undergoing 
open heart surgery. Its effect begins 20 to 30 minute: 
after application and may last up to 3 hours?*; patient 
are advised not to stand up after its administration, t« 
prevent orthostatic hypotension. It is used to reduci 
preoperative angina pectoris and consequent refle: 
increases in blood pressure; moreover, its routine ust 
may decrease the incidence and degree of the hyper 
tension that complicates endotracheal intubation. Fo 
actual angina at any stage before induction, sublingua 
nitroglycerin is given as needed. It is also given in the 
postoperative period every 2 hours during the first 48 
hours to all patients with coronary artery disease t 
minimize the incidence of the pain and hypertensio 
that can result from coronary insufficiency.'* Howevei 
as a more direct hypotensive agent, we have used in- 
travenous nitroglycerin as an alternative to sodium. 
nitroprusside when hypertension occurs during cardiac 
surgery. Because of its venodilating effect and its effect | 
on the pulmonary circulation we believe that it is the | 
drug of choice for the hypertension associated with right _ 
ventricular dysfunction or with increased pulmonary | 
vascular resistance. 
Diazoxide: Diazoxide and other predominantly ar 
teriolar vasodilators greatly increase cardiac output an 
may result in hyperkinetic pulmonary hypertensiot 
particularly in patients with diminished left ventricule 
function or compliance. Hence, these vasodilators ma 
be undesirable in patients with long-standing hype: 
tension, after open heart surgery and in cases of fixe 
obstruction to pulmonary venous flow (mitral st 
nosis).’° | 
Beta adrenergic blocking agents: In patients wi 
marked tachycardia, particularly in association wit 
ischemic S- T segment changes, intravenous propranol 
can be used in the early stages of surgery. In this situ 
tion, slowing of the heart rate can be associated wil 
some reduction in arterial pressure, especially the s 
tolic level. However, because of its depressing effect 
myocardial contractility and its relatively delayed 
potensive action,"6 propranolol is not recommended 
postoperative hypertension. 



























specific Measures — 


_ Whenever the exact mechanism or cause of the hy- 


yertensive episode is known, the best treatment is 
pecific correction of the abnormality, if possible. Every 
ffort must be spent toward ensuring that the increase 
n pressure is not related to a correctable cause such as 
oor oxygenation, asynchrony with the ventilator or 


luid overload. In all such cases, correction of the cause 


vill lead to cure of the hypertension. In other instances, 
he best treatment is anticipation of some particularly 
requent types of hypertension. Finally, some specific 
aeasures have been recently developed to deal with 
articular forms of hypertension. 

Hypertension related to tracheal and naso- 
haryngeal manipulation: The pressor response to 
tracheal intubation is particularly exaggerated in pre- 
peratively hypertensive patients”? and whenever the 
timuation is prolonged.75 Maintenance of antihyper- 
ensive therapy might help reduce the severity of the 
acrease in pressure. Strengthening the level of anes- 
hesia with use of a strong inhalational agent such as 
alothane might minimize the pressor response in some 
atients; however, short-acting antihypertensive drugs 
dministered seconds before intubation have also been 
sed successfully including alpha adrenergic blocking 
gents (phentolamine)?? and vasodilators (intravenous 
olus injection of sodium nitroprusside, 1 to 3 ug/kg 
ody weight).9? However, too rapid a decrease in blood 
ressure before intubation may have a deleterious ef- 
'ct, especially in hypertensive or atherosclerotic pa- 
ents." However, in our experience ensuring the 
noothness and rapidity of intubation is the most suc- 
assful means of preventing or reducing an increase in 
lood pressure. 

Unilateral stellate block: Unilateral stellate 
anglion blockade was effective in our experience!2 for 
ipid normalization of the elevated blood pressure in 
large number of patients with hypertension after 





myocardial revascularization (Fig. 3) as well as in those 
with a hypertensive episode immediately after heart 
valve replacement. We have even found stellate block 
to be effective after large doses of peripheral vasodila- 
tors failed to control adequately the paroxysmal in- 
crease in pressure. However, unless this blockade is 
performed with great care by physicians trained in its 
use, the incidence of its success rate can be quite low 
and, more important, can be complicated by pneumo- 
thorax, hemothorax or nerve injury.?! Bilateral stellate 
block is dangerous because of the possibility of undue 
cardiac depression. 

Angiotensin II antagonists and converting en- 
zyme inhibitors: These drugs, which interfere at dif- 
ferent levels with the renin-angiotensin cascade, have 
been shown to reduce blood pressure very effectively 
when circulating angiotensin II levels are high. Most 
agents reduce peripheral resistance without signifi- 
cantly changing cardiac index, an effect similar to that 
produced by vasodilators acting at both the arteriolar 
and venular levels.599? No significant tachycardia has 
been noted with their use; the heart rate remained re- 
markably stable despite marked reduction of blood 
pressure in hypertensive patients.9?-94 Because of these 
favorable hemodynamic characteristics these drugs may 
be particularly useful in hypertensive patients with 
heart disease, and have been tried successfully in the 
treatment of hypertension after myocardial revascu- 
larization.?? However, both classes of drugs are still 
investigational; currently, only the angiotensin antag- 
onists (saralasin) and teprotide can be given intrave- 
nously. 
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Stress thallium-201 myocardial imaging was used in two angina-free | 
patients with severe congestive heart failure to identify clinically silent | 
areas of ischemic myocardium and to distinguish between scar and re- 
versibly ischemic myocardium as a cause for akinesia of left ventricular 
wall segments. Subsequent myocardial revascularization in these patients - 
led to considerable improvement in their clinical state and findings in 
postoperative nuclear scans. Thus, stress myocardial imaging may be | 
useful in selecting patients with severe left ventricular failure but no angina _ 
pectoris for myocardial revascularization. 2 


Congestive heart failure secondary to left ventricular dysfunction from 
diffuse coronary artery disease is generally considered to be a relative 
contraindication to myocardial revascularization, particularly when it. 
occurs in the absence of angina pectoris. However, patients are occa- 
sionally encountered with congestive heart failure due to known coronary _ 
artery disease who have no angina, but in whom there may be reason to’ | 
suspect that clinically unrecognized ischemia may be contributing im- . 
portantly to left ventricular dysfunction. Left ventricular angiography _ 
alone does not distinguish scarred myocardium from viable myocardium _ 
that is akinetic because of severe ischemia. Stress myocardial imaging - 
with thallium-201 can differentiate viable myocardium from scar and: 
therefore ought to be useful in selecting for revascularization patients 
with poor left ventricular function. = = > E 

Two patients with severe coronary artery disease are described whose 
only clinical manifestation was congestive heart failure. Both patients 




















had had multiple myocardial infarctions and had been considered for. 
coronary revascularization elsewhere. Surgery was not advised on the 
basis of poor ventricular function and lack of angina pectoris. Both pa 
tients underwent thallium-201 exercise imaging of the myocardium 
which revealed extensive areas of reversibly ischemic akinetic myoc 
dium. On the basis of these findings myocardial revascularization s 
performed and resulted in considerable improvement in the conditio 
of both patients. 


Case Reports 


Case 1 E 
A 68 year old retired government worker presented to the Massack : 
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tient, who smoked 80 pack-years of cigarettes and had a 2 year 
history of diabetes mellitus of adult onset, had had two myo- 
cardial infarctions, one in 1966 and the second in 1977. During 
-both infarctions he had had severe dyspnea and diaphoresis 
but no chest pain. In October 1978, he was admitted elsewhere 
for cardiac evaluation because of increasing symptoms of 
congestive heart failure. He was unable to walk up one flight 
- of stairs or a quarter of a mile on flat ground without becoming 
_ severely short of breath. He denied any angina pectoris. 
Angiographic findings: Cardiac catheterization before 
admission documented a left ventricular end-diastolic pres- 
sure of 36 mm Hg, which increased to 41 mm Hg after angi- 
ography, a pulmonary arterial pressure of 48/27 mm Hg and 
a cardiac index of 1.6 liters/min per m?. Coronary cineangi- 
ography demonstrated total occlusion of the right coronary 
artery and high grade obstructive lesions of the left circumflex 
coronary artery and of the left anterior descending coronary 
artery and its first diagonal branch. Left ventriculography 
demonstrated anteroapical akinesia and otherwise generalized 
severe hypokinesia; left ventricular ejection fraction was es- 
timated as 15 percent. Because of the patient's severe left 
| ventricular dysfunction and lack of angina pectoris, he was 
‘not considered a suitable candidate for coronary bypass sur- 
gery. 
= Cardiac examination: He was admitted for the first time 
tothe Massachusetts General Hospital in January 1979 be- 
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FIGURE 1. Case 1. Initial (INIT.) and delayed exercise thallium-201 
imaging studies in the anterior (ANT) projection both before (PRE OP) 
and after (POST OP) coronary bypass graft surgery. The initial preop- 
erative image shows a large defect involving the inferior and apical 
segments. in the delayed study the inferior wall demonstrates substantial 
thailium-201 fill in, and the apical defect persists. These findings suggest 
that despite the akinesia manifested on left ventricular cineangiography 
and gated blood pool scanning, the inferior wall is viable. In addition, 
the initial preoperative scan demonstrates increased lung activity that 
disappears in the delayed scan, suggesting that transient left ventricular 
failure was present at the time of the thallium injection. in the postop- 
erative study, thallium-201 activity distribution appears normal, and lung 
activity is no longer evident. 
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cause of symptoms of increasing left-sided congestive heart 
failure. Physical examination revealed a man in moderate 
respiratory distress. Blood pressure was 160/90 mm Hg, the 
pulse rate was 120/min, and respirations were 28/min and 
somewhat labored. Jugular venous pressure was increased to 
the angle of the jaw at 90°, but there was no peripheral edema. 
There were rales at both lung bases. Cardiac examination 
showed a prominent left ventricular impulse palpable in the 
sixth intercostal space in the anterior axillary line. There was 
a very prominent summation gallop and a grade 2/6 apical 
systolic murmur. There were no pulses below the femoral ar- 
teries bilaterally. The chest roentgenogram showed cardiac 
enlargement with interstitial pulmonary edema. The elec- 
trocardiogram revealed evidence of inferior and anteroseptal 
scars and left ventricular hypertrophy. 

Radionuclear imaging: After improvement in the pa- 
tient’s clinical status after diuresis and weight loss of 4.5 Kg, 
a gated cardiac blood pool scan demonstrated a severely de- 
pressed left ventricular ejection fraction of 15 percent. The 
right ventricle contracted well. An exercise thallium stress test 
revealed areas of septal and inferoapical reversible ischemia 
(Fig. 1). 

Cardiac surgery: In March 1979, saphenous vein aorto- 
coronary bypass grafts were constructed to the left anterior 
descending, diagonal, circumflex marginal and posterior de- 
scending coronary arteries. At operation, the left ventricle was 
found to be markedly enlarged but without localized evidence 
of transmural myocardial infarction. The patient's pulmonary 
capillary wedge pressure before the institution of cardiopul- 
monary bypass was 28 mm Hg. He was weaned from cardio- 
pulmonary bypass with a left atrial pressure of 14 mm Hg 
without any medications. The following morning the patient 
had a blood pressure of 130/70 mm Hg, a pulse rate of 95/min, 
a left atrial pressure of 11 mm Hg and a cardiac index of 2.4 
liters/min per m?. The rest of the patient's postoperative 
course was uneventful, and he was discharged to his home on 
the 18th postoperative day. 

Postoperative course: A second gated cardiac blood pool 
scan performed 7 weeks after operation revealed an ejection 
fraction of 27 percent. An exercise thallium scan demonstrated 
more homogeneous distribution of the isotope throughout the 
left ventricular myocardium with activity present in the 
septum and inferior wall in the initial as well as in the delayed 
study (Fig. 1). Eight months postoperatively the patient is 
doing well and is limited only by lower limb claudication. 


Case 2 


A 40 year old mechanic was referred to the Massachusetts 
General Hospital for evaluation of increasing shortness of 
breath. The patient, previously a heavy smoker, had a pos- 
terolateral myocardial infarction in August 1977. He did well 
until September 1978, when he had an anteroseptal myocar- 
dial infarction. His second infarction was complicated by mild 
congestive heart failure. Six weeks after his second infarction 
he had 3 nights of paroxysmal nocturnal dyspnea. Evaluation 
at that time revealed a new murmur of mitral insufficiency. 

Previous angiographic findings: During evaluation 
elsewhere the patient complained of fatigue, exertional dys- 
pnea and weight loss but denied any angina pectoris or pe- 
ripheral edema. At cardiac catheterization the following 
pressures were measured (in mm Hg): aortic 86/62, left ven- 
tricular 85/35, pulmonary arterial 53/26 (mean 32), pulmonary 
capillary wedge 36 (with V waves to 50), right ventricular 
57/17 and right atrial 9. The cardiac index was 1.7 liters/min 
per m?, Coronary arteriography revealed a normal nondomi- 
nant right coronary artery and significant stenoses of the left 
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erior descending, the first large diagonal and the circumflex 
rginal coronary arteries. Left ventriculography revealed 
ge anteroapical akinetic area with otherwise generalized 
evere hypokinesia. There was considerable mitral regurgi- 
ation, and the ejection fraction was estimated to be 12 to 15 
»ercent. Because of the patient's severe left ventricular failure 
without angina pectoris, he was thought not to be a suitable 
'andidate for surgery. Subsequently, he did poorly and had 
:vidence of right-sided failure with ascites and peripheral 
:dema. His diuretic dosage was increased, and he was referred 
the Massachusetts General Hospital. 

< Cardiac findings: On admission in February 1979, he was 
‘ound to be moderately dyspneic with a blood pressure of 
90/80 mm Hg and a regular pulse (rate 70/min). His heart was 
narkedly enlarged and there was a diffuse left ventricular 
mpulse. There were Sg and S4 gallops and a grade 3/6 systolic 
nfirmur of mitral regurgitation. The electrocardiogram on 
idmission revealed sinus rhythm with evidence of old in- 
'eroposterior and anterior infarctions. The admission chest 
'oentgenogram demonstrated marked cardiomegaly with mild 
nterstitial edema and left atrial enlargement. 

-A thallium stress test revealed reversibly ischemic seg- 
nents in the interventricular septum and the high anterior 
wall of the heart with a large scar in the inferoapical wall (Fig. 
RE | 

Cardiac surgery: At operation in February 1979, there was 


nassive enlargement of both the left ventricle and right-sided 
:hambers. Saphenous vein aortocoronary bypass grafts were 
:onstructed to the diagonal, left anterior descending and 
"ircumflex marginal coronary arteries. Two akinetic scarred 
iegments were resected, a large area of the posterior wall of 
te heart measuring 4 by 13 cm and an area between the left 
anterior descending and diagonal coronary arteries at the apex 
neasuring 3 by 5 cm. The mitral valve was excised and re- 
laced with a 33 Hancock porcine xenograft valve. The patient 
vas weaned from cardiopulmonary bypass with atrial pacing, 
with a systolic blood pressure of 130 mm Hg and a left atrial 
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mean pressure of 16 mm Hg after infusion of a small amou 
of nitroprusside and dopamine. ae. 
Postoperative course: Some right ventricular failure re 
solved in the early postoperative period with a steady increas 
in the cardiac index. By the 4th postoperative day the patient 
had a blood pressure of 110/70 mm Hg, a pulse rate of 100, a 
left atrial pressure of 14 mm Hg and a cardiac index of 2.5 li: 
ters/min per m? without pressor support. His subsequent 
postoperative course was one of steady improvement. He wa: 
discharged home on the 14th postoperative day. _ P 
A second gated cardiac blood pool scan performed 13. 
months after operation revealed an ejection fraction of 33 
percent. A thallium exercise scan showed normal septal, an- 
terior and high lateral wall uptake with a persistent defect in | 
the inferoapical wall that was smaller than that seen preop- 
eratively. Thirteen months postoperatively the patient is very _ 
active and has only mild fatigue on exertion. vum 
Discussion ae 
These two cases demonstrate the difficulty in se- - 
lecting for myocardial revascularization those patients | 
who have silent myocardial ischemia. In both patients - 
the problem was accentuated by the presence of con- — 
gestive heart failure and by the difficulty in assessing . 
the role that reversible ischemia might have played in | 
its origin. 3 
Angina pectoris versus left ventricular heart 
failure as a clinical marker of ischemia: Because - 
angina pectoris is a specific clinical marker of myocar- 
dial ischemia, angina has become almost synonymous s 
with the clinical presentation of coronary artery dis- 
ease. +? However, the sensitivity of angina as a clinical | 
marker of severe coronary artery disease is probably 
very low. Various studies in the past have examined the . 
incidence of prodromal angina pectoris before myo- - 
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FIGURE 2. Case 2. Anterior (ANT) and 50? left anterior oblique (LAO) exercise thallium-201 myocardial imaging studies before (PRE OP) and after 


(POST OP) coronary bypass graft surgery. Initial (INIT.) and 2 hour delayed images are displayed with the initial scan in the top row and delayed | 


images in the bottom row. The preoperative study demonstrates large initial defects in the inferior and apical segments in the anterior view and 
inferoapical and septal segments in the left anterior oblique view. All of these defects tended to be filled in, at least partially, in the delayed stud 
The postoperative study demonstrates only persistent defects in the inferoapical segment, which appear somewhat smaller than those in the 
operative study. The septum and high anterolateral wall appear to have improved perfusion in the postoperative study. Increased lung acti 
present initally both preoperatively and postoperatively, a finding consistent with exercise-induced left ventricular failure. This lung activit 
be seen in the upper right corner of each initial anterior image; it is less impressive in the postoperative study. " 
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cardial infarction;?-9 including a recent report? in which 
48 percent of 577 patients presenting to the hospital 
with acute myocardial infarction had no prior history 
of angina pectoris. For these patients the myocardial 
infarction itself was the initial manifestation of clinically 
severe coronary artery disease. Other clinical presen- 
tations of coronary artery disease include functional 
mitral insufficiency, atrial and ventricular arrhythmias, 
congestive heart failure and atypical pain and dyspnea 
syndromes that have often been grouped under the term 
“anginal equivalents.” In a broader sense it might be 
better to group these symptoms, as well as angina itself, 
under the term “ischemic equivalents of coronary artery 
disease.” | 

Nevertheless, for most physicians angina pectoris 
remains a mandatory clinical correlate to anatomic 
disease as an indication for bypass surgery, and medi- 
cally refractory angina pectoris is still the principal in- 
dication for myocardial revascularization. However, 
data!9-1? have recently appeared on surgical therapy for 
“asymptomic” patients (that is, patiehts without angina 
pectoris.) Our two cases support the view that it is not 
appropriate to exclude patients from consideration for 
myocardial revascularization purely on the basis of the 
absence of angina pectoris.!? 

Early surgical series!4^!5 documented a small thera- 
peutic benefit and a high operative mortality rate for 
myocardial revascularization in patients with severe left 
ventricular dysfunction. Most of the patients in those 
series had angina pectoris. More recent studies!9-18 have 
shown improved results in similar patients and hospital 
nortality rates of approximately 10 percent. Because 
t is difficult with left ventricular angiography to dif- 
erentiate between reversible and irreversible left ven- 
ricular failure associated with ischemic heart disease, 
ew surgeons feel comfortable in performing myocardial 
'evascularization in patients with profound left ven- 
ricular dysfunction who do not also have significant 
ingina pectoris. 


TABLE | 





E Radionuclear myocardial imaging to detect 


ischemia in absence of angina: Thus, given that the 
absence of angina pectoris does not preclude life- 
threatening coronary artery disease in many patients 
and given the inability of left ventricular angiography 
to differentiate between left ventricular scar and seg- 
ments that are akinetic because of ischemia, other 
methods have been used to try to verify the presence of 
myocardial ischemia and quantify its severity. The most 
widely applied of these methods is exercise electrocar- 
diography. The reliability and specificity of exercise 
stress testing in asymptomatic patients have been re- 
ported to be quite low.!® The addition of stress myo- 
cardial imaging with thallium-201 has enhanced the 
diagnostic accuracy of the electrocardiogram for tbe 
detection of coronary artery disease.?9?! Some inves- 
tigators?^?? have reported radioactive microsphere 
distribution as a technique for identifying ischemic 
myocardium. In our patients we utilized myocardial 
imaging with thallium-201 both to identify myocardial 
ischemia.that is not clinically evident and to differén- 
tiate between reyersitily “ischemic and irreversibly 
scarredmyocardium., ^. 55: * dd 

Previous reports?" indicate that serial imaging after 
a single dose of thallium-201 can differentiate between 
reversibly ischemic and scarred myocardium. Both 
ischemic and scarred: myocardium will usually be ob- 
served as defects in the immediate postexercise scan. 
Ischemic defects fill in over time, whereas defects from 
scarring persist. Wall motion can be reduced secondary 
to reversible ischemia as well as scar. Thus, areas that 
demonstrate delayed thallium uptake are believed to 
be consistent with reversible ischemia, and when such - 
areas correspond to bypassable coronary arterial lesions 
as determined from coronary cineangiography, a ben- 
eficial effect on segmental wall function from bypass 
surgery might be anticipated. Obviously when me- 
chanical lesions such as mitral insufficiency, ventricular 
aneurysm and ventricular septal defect are combined 





*reoperative and Postoperative Measurements of Ventricular Function 


Variables of Case 1 Case 2 
Ventricular Function Preop Postop Preop Postop 

IYHA class?? IV i IV: i 
CW or LVEDP (mm Hg) 36 T1 .. 35 14 
"ardiac index (liters/min per m?) 1.6 2.4 1.7 2.5 
;ardiothoracic ratio 0.56 0.52. 0.56 0.49 
jection fraction (96)* 15 27 12-15. 33 
Xercise tolerance testt T | 
-Duration (min) 1.3 30 . 6.6 9.7 
.. Reason for stopping . Dyspnea Claudication | . Dyspnea. Fatigue 
' Heart rate (beats/min) 95 — 120 80 — 107 © 108 -> 150 76 — 
. Blood pressure (mm Hg) 130/80 — 140/80 150/70 — 190/80. 105/80 —- 110/80 110/70 — 130/70 
.ECG changes S-T depression None None None 
hallium stress test | 
-Ischemia Septal, inferoapical None Septal, anterior None 

Scar None None Large inferior Small inferior 

Lung uptake increased None Increased _ Diminished 


* Preoperative obtained from ventriculogram; postoperative obtained from gated blood pool scan. 
ECG = electrocardiogram; LVEDP = left ventricular end-diastolic pressure; 


edge pressure; Postop = postoperative; Preop = preoperative, 
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! t Bruce protocol. 
NYHA = New York Heart Association; PCW = pulmonary capillary 










ieas of AET ischemia and operable coronary 
y disease, their simultaneous correction is likely 
lave an even greater potential for relieving congestive 
irt failure. Accordingly, the presence of left ventric- 
r failure associated with coronary artery disease does 
cessarily preclude a treatable situation. In the 
»resence of reversible ischemia predicted on the basis 
) the thallium study, segmental asynergy would be 
inticipated to be reversible, and under these circum- 
‘tances bypass surgery might be effective. 

Results of surgery: The presence of two prior 
yainless myocardial infarctions in the first of our pa- 
ients made us wonder if he might have exercise-in- 
luced ischemia without pain that was contributing to 
1s left ventricular failure. His good surgical result seems 
o have justified that assumption. In the second patient 
he postoperative improvement in left ventricular 
'unction can be explained at least in part by the cor- 
‘ection of mitral regurgitation and removal of left ven- 
ricular scar. However, the considerable improvement 
n findings on postoperative thallium myocardial 






















imaging leads us to believe that correction of sile 
myocardial ischemia might have played at least a parti: 
role in his improved postoperative condition. 
Multiple procedures have been used to evaluate | 
ability of myocardial revascularization to improv 
ventricular function. Various investigators?*?? hav 
documented hemodynamic improvements after revas 
cularization, as well as improved response to atri 
pacing? changes in myocardial metabolism," a 
improvements in myocardial perfusion or left ventric- 
ular function, or both, as measured by radionuclide. _ 
scanning.®? In addition to the marked subjective clinica ] 
improvement in both patients, there was objective ev-. 
idence (Table I) of improvement in left ventricular - 
function as shown by postoperative hemodynamic D 
measurements, cardiothoracic ratio, ejection fraction D 
and exercise tolerance, and improvement in myocardial Us 
perfusion as shown by myocardial imaging. This im- 
provement was anticipated preoperatively by the — 
presence of reversible ischemia with thallium-Ses D 
imaging. | 
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ETTERS TO THE EDITOR 


ae 
"VARIANT ANGINA PECTORIS AND SYMPATHETIC 

TM . NERVOUS SYSTEM FUNCTION 

obertson et al.! found no generalized increase in sympathetic 
itflow associated with the initiation of attacks of variant 
agina and claimed that “germane to this discussion is the 
fect of autotransplantation. This procedure has been in- 
:stigated in the treatment of variant angina with one subject 
cperiencing relief of symptoms; nevertheless, the patient had 
ersistence of vasospasm in spite of the interruption of au- 
»nomic fibers to the coronary artery. ... It may mean that 
1¢, key to coronary vasoconstriction lies in local pathophys- 
logy at the level of the vessel itself independent of central 
ympathetic outflow.” I disagree with this interpretation for 
ne following reasons: (1) The patient of Clark et al.? who had 
xal spasm of the right coronary artery responsible for severe 
ttacks had no recurrent attacks after autotransplantation. 
‘he patient was restudied after operation and spasm was 
gain demonstrated by the ergotrate stimulation test. The 
pasm observed after operation was provoked and not spon- 
aneous. The woman has continued to do well 3 years after 
peration. (2) Recently Cipriano et al.3 demonstrated that 
rgonovine maleate induced the same degree of coronary ar- 
erial narrowing in heart transplant recipients and in patients 
"ith normally innervated hearts who did not manifest coro- 
ary spasm. Thus the normal pharmacologic response to er- 
onovine maleate was probably due to a direct vasocon- 
tricting action of the drug and this action was independent 
£ extrinsic neural control. (3) In our institution we performed 
utotransplantation in a man with severe variant angina. 
3efore operation, the coronary arteriogram was normal and 
pasm of the left circumflex coronary artery was provoked by 
rgonovine. All drugs (nitrates, amiodarone, nifedipine, dil- 
iazem) failed to obtain even slight relief of symptoms. In the 
! month follow-up period after cardiac autotransplantation 
vas performed, we observed the following: (a) The patient 
»xperienced no chest pain (however, this finding is not sig- 
iificant because ischemic episodes can occur without pain and 
ifter autotransplantation the paths of pain have been cut). 
b) Many continuous electrocardiographic recordings showed 
10 S-T segment changes after operation, although such 
shanges had previously been observed. This finding suggests 
hat the ischemic episodes had been abolished. (c) On restudy 
srgonovine was able to reproduce spasm of the left circumflex 
:oronary artery with electrocardiographic changes but without 
sain. This observation suggests that the coronary "trigger 
one" can be stimulated (by ergonovine) but is not sponta- 
neously stimulated by the central nervous system. On the basis 
of the tests used in the study of Robertson et al. and on the 
basis of these considerations in relation to cardiac auto- 
transplantation, we believe that it is inexact to deny a role to 
the central sympathetic nervous system. 

E. Michael E. Bertrand, MD, FACC 
. Division of Cardiology B 
Hôpital Cardiologique 
Lille, France f 
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REPLY 


The careful follow-up Bertrand is undertaking—including 
repeated continuous electrocardiographic recordings—is. 
critical to eventual understanding of coronary vasospasm. 
However, we continue to believe that the bulk of evidence — 
supports the hypothesis that the-primary abnormality in | 
variant angina lies in the local vasculature rather than in the 
central nervous system. 

Bertrand’s patient, like that of Clark et al. (Bertrand's Ref 
2), had excessive coronary arterial reactivity to ergonovine ^ 
maleate both before and after effective autonomic denervation — 
of the heart. Because denervation in itself does not cause ex- — 
cessive reactivity (Bertrand’s Ref 3), it would appear thatan 
abnormality independent of innervation exists. Ag 

It seems likely that in the presence of the primary vascular .__ 
abnormality, diverse stimuli could lead to spasm. Ergonovine. 
maleate is the best studied such stimulus, but we would not __ 
be surprised if circulating angiotensin, thromboxane Ag, va- 
sopressin or the patient's own sympathetic nervous system - 
might, under appropriate conditions, also serve as stimuli. It T 
is important to recognize that such responsiveness need not 
imply abnormal levels of angiotensin, thromboxane Ag, va- — 
sopressin or adrenergic outflow. Eu 

''he'symptomatic relief achieved by autotransplantation __ 
thus far is heartening. The patient of Clark et al. is now doing 
well 5 years after surgery (Angell WW, personal communi- __ 
cation), and Bertrand's patient has had no evidence of spon- 
taneous coronary spasm detectable on electrocardiography. _ 
However, the cyclical nature of variant angina is such that — 
remissions of years may occur! and optimism concerning this 
mode of therapy has to be tempered with caution. B 

Trials of inhibitors of potential stimuli such as angiotensin, — 
thromboxane A, and norepinephrine will further our knowl- 
edge concerning the specificity of the vascular abnormality. 
Surgical interventions such as those of Bertrand are also 
pivotal in unraveling the mystery of this disease. E 

David Robertson, MD 
Rose Marie Robertson, MD, FACC m. 
Divisions of Clinical Pharmacology and Cardiology — 
Vanderbilt Medical Center HR 
Nashville, Tennessee 





Reference c 
1. Robertson RM, Breinig JB, Robertson D. Chronic recurrent variant angina. South Med =.: 
J 1979:72:1297-9. Lon 


PLASMA PROPRANOLOL LEVELS IN 

ANGINA PECTORIS » 

Can the antianginal effects of propranolol be judged from its 
plasma concentrations? The duration of action of beta ad 
renergic receptor blockade has been disputed.!~!! Previoui 
investigators!-? have shown a dissociation between the rate’ 
of clearance of propranolol from blood and the slower disap- 
pearance of its effects. Thus, the longer duration of the action. 















of propranolol is somewhat puzzling, given its short elimina- 
tion half-life.!? | 

Whereas some investigators? believe that the hemodynamic 
duration of action correlates closely with serum levels of the 
drug, others'-? believe that the hemodynamic effects last 
considerably longer than the serum levels would indicate. 
Thadani and Parker!? recently reported that, despite the short 
mean half-life of propranolol of 3.98 hours after the 80 mg dose 
and 4.28 hours after the 160 mg dose, the improvement in 
exercise tolerance and other circulatory effects pérsisted for 
12 hours. They suggested that administration of propranolol 
twice daily should be adequate in treating patients with stable 
angina pectoris and concluded that routine measurement of 
plasma propranolol level is of little practical value in the 
management of such patients. I agree with their former sug- 
gestion but cannot agree with their latter conclusion for the 
following reasons: 

According to a method proposed by Levy,!* one can trans- 
late the pharmacokinetics of a drug to the pharmacodynamics. 
The effect (E) versus time data in the postabsorptive phase 
can be described by the equation!*: f 


m- Ka 





E = Eo — -t, (1) 


where Eo is the extrapolated zero time intercept and m is the 
slope of a plot of effect versus log plasma concentration (log 
C). This plot of concentration-effect relation is generally linear 
over the range of 20 to 80 percent of the maximal effect and 
can be represented by the equation!^: 


E=m-logC +r, (2) 


where r is a constant. 

When I use the average data of time course of plasma pro- 
pranolol concentration (ng/ml) given in Table I of Thadani 
and Parker!’ and the corresponding data on percent increase 
in treadmill walking time to the onset of angina (P4) after each 
dose of propranolol as one of the pharmacologic effects they 
examined during their experimental period (their Table II), 
the average effect-concentration (log C) data were obtained 
as shown in my Figure 1. This relation was fit to a straight line 
(E = 34.53 - log C — 9.96, r = 0.93, p <0.001) according to the 
equation (2) by linear regression analysis, where the value of 
the slope (m) was 34.53. 

The mean elimination half-life (t5) of 4.28 hours after the 
160 mg dose!’ yields the elimination rate constant (Ka) of 
0.162 hour^!, which indicates that the disappearance rate of 
propranolol from the plasma as percent reduction per unit of 
time is 16.2 percent/h. 

In contrast, when I use the observed data on percent in- 
crease in treadmill walking time to the onset of angina (P4) 
after the 160 mg dose with time (as illustrated in their Fig. 2)! 
and calculate the correlation of the pharmacologic effect (P4) 
with time from the linear decline 2 to 24 hours after oral drug 
administration, the following relation is obtained: 


E = 65.08 — 2.41 - t, (3) 


where the value of 65.08 is the initial effect extrapolated from 
the linear decay of the effect with time at the zero order rate, 
and the value of 2.41 is the slope indicating the declining rate 
of drug effect in this case. When one estimates the declining 
‘ate of drug effect from this relation as percent reduction/h, 
«he value of 3.7 percent reduction/h can be obtained. The ef- 
ect declines linearly with time or at the zero order rate, even 
‘hough drug level from the plasma falls exponentially or at the 
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FIGURE 1. Relation between plasma propranolol concentration and percent increase in 
treadmill walking time to the onset of angina. The group mean values of plasma propranolol 
concentration (C) were obtained from Table | of Thadani and Parker. '? The corresponding 
data of percent increase in treadmill walking time to the onset of angina (E) were calculated 
from the group mean values given in their Table Il. The best fit of the solid line was: E = 
34.53 - log C — 9.96 (r = 0.93, B «0.001). 


first order rate, and the duration of action of the drug is much 
longer (approximately 4.4 times) than the pharmacokinetic 
elimination half-life of propranolol. Furthermore, if one 
substitutes the values of m (34.53) and Ka (0.162 hour~!) for 
—m-K,/2.3 in the equation (1), E = Ey — 2.43- t can be de- 
rived. The value of 2.43 generated from a theory of Levy! 
translating the kinetic data to the pharmacologic effect is very 
close to the actually observed value of 2.41. Thus, either as 
observed or as theoretically calculated, the 12 hour duration 
of action of propranolol observed by Thadani and Parker!? 
is explainable by the shorter half-life of 4.28 hours after the 
160 mg dose. Although I am analyzing all their data on circu- 
latory effects (their Table IT) in relation to plasma propranolol 
concentration (their Table I), it can be stated at present that 
the majority of their hemodynamic data can be predicted from 
the plasma propranolol concentration. 

We recently observed that when we measured the beta 
blocking activity of timolol using maximal exercise tachy- 
cardia as a given response, the effects declined linearly with 
time, even though plasma levels fell exponentially, and thus 
demonstrated that the pharmacokinetic elimination half-life 
was much shorter than the drug's duration of action in normal 
human volunteers.!? According to Perrier and Gibaldi it has 
been suggested on theoretical grounds that propranolol's ac- 
tion is related to a tissue level that equilibrates only slowly 
with the plasma level. However, our results!? were in agree- 
ment with McDevitt and Shand,!? who observed that the beta 
adrenergic blocking effect of intravenously administered 
propranolol was at all times a predictable function of its 
plasma concentration. In our dog experiments!6 with another 
beta blocking agent, sotalol, it was more clearly shown that 
pharmacokinetic data can be translated into pharmacologic 
effects by applying a theory developed by Levy.!4 The relation 
expressed in the equation (1) has interesting implications. It 


indicates that, despite a direct relation between drug con- 


centration in plasma and intensity of the elicited pharmaco- 
logic effect, the rates of decline of these two quantities can 
follow different kinetics and, therefore, not be parallel. Fur- 
thermore, there was good agreement between such translated 
findings as the rate of decline of drug effect (— m - Ka/2.3) 
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s " the slope of the log concentration-effect relation (m 
alue) and the first order rate of elimination rate constant 
Ka) and with findings actually observed in the time-action 
otese of beta blockade as discussed earlier. Mayersohn and 
errier!7 recently proved that cocaine plasma concentration 
esponse time data analyzed by a pharmacokinetic model are 
a reasonable agreement with their application of Levy's 
heory!4 to actual published data.19:? This analysis is further 
upport for Levy's theory,!* and our observations!?6 strongly 
uggest that the significance of the kinetic disposition of a drug 
1ust be evaluated in relation to its pharmacologic effect and 
ime. However, because not only Ka but also m can vary to a 
ertain extent in a series of similar pharmacologic agents as 
bserved among different persons, there is a possibility of 
1odifying the relation between the time course of the body 
INE content and the time-intensity course of a pharmacologic 
ffect. 

«Much discussion has focused on the possible therapeutic 
alue of the various ancillary pharmacologic properties of the 
eta receptor antagonists. However, Thadani and co-work- 
rg?921 clearly demonstrated in their well controlled clinical 
rials using various beta receptor antagonists in patients with 
xercise-induced angina pectoris that these drugs with dif- 
erent pharmacologic properties were equally efficient in 
mproving exercise tolerance at their equipotent dose pro- 
lucing beta blockade effect. This indicates that the ancillary 
'harmacologic. properties are of little or no direct relevance 
n the relief of anginal pain but the beta blockade effect itself 
s of the most importance. Although their studies cannot 
upply a direct answer as to the specific importance of the 
inchanged agent or its metabolites???? in the relief of angina, 
heir observation that similar symptomatic and electrocar- 
liographic effects result after intravenous and oral adminis- 
ration in all instances implies some evidence that such me- 
abolites are probably of therapeutic relevance only insofar 
s the drugs exert antagonistic action against endogenous 
ympathetic activity at the cardiac beta receptor sites.?° 
(herefore, I assume that the beta receptor blockade itself is 
elated to the antianginal effect, which implies that the plasma 
evels of beta adrenoreceptor blocking agents should be ap- 
ropriately interpreted. It is highly probable that the obser- 
rations of previous investigators!!! studying the relation 
tween plasma concentrations of beta blockers and the 
yharmacologic effects are correct as experimental results but 
nay be incorrectly interpreted because they have not applied 
he appropriate principle for translating pharmacokinetics 
0 pharmacodynamics of a drug. 

Finally, the relations between the logarithm of plasma 
'oncentration and effect and effect and time must be taken 
nto account in order to interpret adequately the usefulness 
yf determining the plasma level of the drug. It is evident that 
urther studies are required for such critical points before the 
ylasma concentration of beta blocking drugs can become a 
cherapeutic guide. 





Takashi Ishizaki, MD 

Division of Clinical Pharmacology 
Clinical Research Institute 
National Medical Center Hospital 
Tokyo, Japan 
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REPLY 


Ishizaki has used our average data to examine the effect- 
concentration relation and found that the relation between 
the average percent increase in treadmill walking time to 
angina and the log plasma concentration fit to a straight line. 
Utilizing the theory proposed by Levy, translating the kinetic 
data to the pharmacologic effect, he has been able to explain : 

the 12 hour duration of action of propranolol with its shorter 
elimination half-life of 4.28 hours after the 160 mg dose. We 
agree with his reasoning and conclusion that there was indeed 
a good effect-concentration correlation when one examines: _ 
the average data. This was the case when we examined the © 

relation between treadmill walking time to angina and plasma 

propranolol concentration. However, we would caution against | 
utilizing the average plasma propranolol concentration in | 
predicting a response in a given person because of the marked _ 
interindividual variations in plasma propranolol concentra- . 
tions after a given dose reported by us and other workers. For - 
this reason we correlated the effect-concentration relation in. 
individual patients (our Fig. 4) and found a marked interin- | 
dividual variation in effect-concentration relation. Further- 
more, in many of the individual patients, increases in treadmill. 
walking time to angina were similar when the plasma con- 
centrations were above 50 ng/ml or below the level of detection 
by the analytic method employed. In view of these observa- 
tions, we still believe that routine measurement of plasma . 

















propranolol levels is of little value in the routine management 
of patients with angina pectoris. 

Udho Thadani, MBBS, MRCP, FRCP (C), FACC 

John O. Parker, MD, FRCP (C), FACC 

Division of Cardiology, 

Department of Medicine 

Queen's University 

Kingston, Ontario, Canada 


HEART RATE RESPONSE TO ORAL PRAZOSIN IN 
PATIENTS WITH CHRONIC CONGESTIVE 
HEART FAILURE 


Packer et al.' indicated a significant negative chronotropic 
action of prazosin in nine patients with severe chronic con- 
gestive heart failure. We recently evaluated the hemodynamic 
effects of 3 to 10 mg of oral prazosin in 15 patients with severe 
congestive heart failure. Although, at peak effect the change 
in cardiac index, left ventricular filling pressure and systemic 
vascular resistance in our patients was comparable with that 
found by Packer et al., the response of heart rate and systemic 
arterial pressure differed significantly. The decrease of mean 
blood pressure in our group after the administration of pra- 
zosin was significant but of lesser magnitude (—6.2 + 2 mm 
Hg versus —18.3 + 2.5 mm Hg). In contrast to the significant 
decrease in heart rate (from 84 + 3 to 77 + 4 beats/min, p 
«0.01) found by Packer et al., the mean heart rate in our pa- 
tients increased slightly (from 86 + 4 to 89 + 4), but the change 
did not reach statistical significance. Individual analysis of 
our data demonstrated a decrease of heart rate in only three 
patients, no change in four and an increase in eight patients. 
Because the mean dose of prazosin in our group was 6.6 mg 
compared with 5 mg administered by Packer et al. and seven 
of our patients received 5 mg or more, the described negative 
chronotropic effect of prazosin can not be interpreted as 
dose-related. 

Mehta et al.? administered 4 mg of oral prazosin to 10 pa- 
tients with congestive heart failure and showed a reduction 
of mean arterial blood pressure from 92 + 5 to 78 + 4mm Hg 
(p <0.01) but no significant change in heart rate. Miller et a1. 
described a tendency of the heart rate to decline after 2 to 7 
mg of oral prazosin in 10 patients with congestive heart failure; 
however, this finding was not statistically significant. Whereas 
in hypertensive patients the negative chronotropic effect of 
prazosin is dissimilar to the tachycardiac effect of hydralazine, 
comparative evaluations of the hemodynamic effects of both 
drugs in the same normotensive patients with congestive heart 


failure showed no significant difference in heart rate re- 


sponse*? We believe therefore that the overall information 
published to date does not allow the conclusion that prazosin 


exerts a direct negative chronotropic effect in patients with 


severe congestive heart failure. 
Uri Elkayam, MD 


Department of Medicine _ 


Division of Cardiology 
University of California 
Irvine Medical Center 
Orange, California 
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REPLY 


Not all studies on the hemodynamic effects of prazosin in 
patients with heart failure have described a decrease in heart 
rate during therapy. However, we are not alone in our obser- 
vation; other investigators"? have observed this type of re- 
sponse. Although Elkayam et al.? did not observe such an ef- 
fect in their study, one major difference between their study 
and ours is that, although the average dose they evaluated was 
large (6.6 mg), this was not the first dose of the drug admin- 
istered, as it was in our study; rather, all patients received 3 
mg initially and were sequentially given larger doses until 
some patients received 10 mg. As with the other hemodynamic 
effects of prazosin, rapid tolerance to the negative chrono- 
tropic effects may develop with repeated administration of 
the drug.4 


Milton Packer, MD, FACC 

Jose Meller, MD, FACC 

Mount Sinai Hospital 

Mount Sinai School of Medicine 
New York, New York 
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PROPRANOLOL AND ARRHYTHMIA IN 
HYPERTROPHIC CARDIOMYOPATHY 


McKenna et al.! inferred that our statement? that “a daily 
dose of propranolol of less than 320 mg was rarely effective” 
was related to suppression of ventricular arrhythmias by beta 
blockade. They also implied that our use of large doses of 
propranolol was effective in suppressing complex ventricular 
arrhythmias. Our report emphasized the fact that daily doses 
of propranolol of more than 320 mg/day (average 462 mg/day) 
were necessary to achieve “complete” beta blockade and 
symptomatic Improvement in most of our patients with hy- 
pertrophic cardiomyopathy. We did not state that propranolol 
was used primarily for elimination of arrhythmias. Propran- 
olo. doses greater than 320 mg/day were titrated by the 
symptomatic status of the patient. We suspected that im- 
proved diastolic compliance after propranolol therapy was 
responsible for the lessening of signs of congestive heart failure 
and dyspnea in our patients. Lessening of palpitations, pre- 
syncope and syncope appeared to have been related to ar- 
rhythmia control. However, antiarrhythmic agents in addition 
to propranolol were necessary in the great majority of our 
patients. Although we also had patients with arrhythmias, 
including short runs of ventricular tachycardia in the absence 
of symptoms, as well as patients with symptoms in the absence 
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thm disturbances during ambulatory monitoring, the 
‘elation between suppression of potentially life-threatening 
arrhythmias and symptomatic improvement was striking. 
agtentially life-threatening arrhythmias were suppressed in 
all but one patient who had residual rare couplets only; pal- 
pitations and presyncope lessened in most: sync Ope was 
aliminated in all, and there have been no deaths.? 

Regarding the antiarrhythmic properties of propranolol, 
)ur manuscript clearly indicates that potentially life-threat- 
"ning arrhythmias were controlled with propranolol in only 
tof 11 patients; the addition of other antiarrhythmic drugs 
was necessary in the remainder.? This was also the case in our 
arger group (33 patients).?^* We found that control of 77 
3ercent of complex forms of arrhythmia required other anti- 
irrhythmic drugs in addition to propranolol. However, in 21 
3ercent frequent premature ventricular complexes (grade 2 
of Lown's classification?) without complex forms decreased 
in frequency to grade 1 or 0 with propranolol alone. Woosley 
and his associates? recently reported on the use of propranolol 
as an antiarrhythmic drug. They found that ventricular ar- 
rhythmias including ventricular tachycardia responded in one 
third of 32 patients at doses of 160 (or less) mg/day, but an 
additional 40 percent responded at doses of 200 to 640 mg/day. 
They also found that some patients with partial or complete 
suppression of ventricular arrhythmias at a given dose of 
oropranolol had an increase in arrhythmia severity when the 
lose was increased. Therefore, it is not surprising that some 
of the patients of McKenna et al. had arrhythmias even on a 
regimen of 800 mg/day of propranolol, since larger doses do 
not invariably produce better results. It appears that control 
of malignant ventricular arrhythmias requires more than one 
antiarrhythmic agent in the great majority of cases, as also 
reported by Lown et al.? 

We postulate that beta blocking doses of propranolol should 
oe used in all symptomatic patients with hypertrophic car- 
liomyopathy because of this drug's value in controlling 
symptoms, presumably by improving diastolic compliance. 
[n addition, we believe that our routine use of propranolol may 
have prevented the onset of atrial fibrillation? and contributed 
to the control of ventricular arrhythmias when used with other 
antiarrhythmic agents. 





Mario |. Canedo, MD, FACC 
Martin J. Frank, MD, FACC 
Abdulla M. Abdulla, MD, FACC 
Hemodynamic Laboratories 
Department of Medicine 
Medical College of Georgia 
Augusta, Georgia 
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REPLY 
We appreciate that Frank et al. used propranolol primarily 
for its hemodynamic and symptomatic benefits; this is clearly 
stated in their paper. Their comments on the possible benefits 
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of propranolol related to arrhythmia control are somew 
ambiguous, however. We quote: "Because there have beer 
fatalities in our 22 protocol patients... we suspect that hig 
doses of propranolol alone may have been responsible f 
controlling life-threatening arrhythmias.” And: "In contra 
to our experience Ingham et al. reported that propranolol w. 
not effective as an antiarrhythmic agent in patients with . 
We entirely agree with the conclusion of Frank et al. that beta 
blocking doses of propranolol should be used in symptomatic 
patients for relief of symptoms, but we have no evidence in ot 
patients that propranolol prevented the onset of atrial | 
brillation. Propranolol may indeed help to control arrhyt! 
mias when given with other antiarrhythmic agents, but wei E 
not have the proof. ; 


William J. McKenna, MD ur 
Celia M. Oakley, MD, FRCP, FACI 
John F. Goodwin, MD, FRCP, FAC 
Royal Postgraduate Medical School 
London, England 


MYOCARDIAL BRIDGING AND IDIOPATHIC 
HYPERTROPHIC SUBAORTIC STENOSIS 


Several workers!” have recently reported septal perforator 
compression, especially in idiopathic hypertrophic subaortic 
stenosis. We noticed septal perforator compression 1 year ago 
in a patient who had idiopathic hypertrophic subaortic ste 
nosis and myocardial bridging of the left anterior descending 
coronary artery. Since then, a coronary arteriogram was ob- 
tained systematically in the 12 patients in the department who 
were hospitalized for idiopathic hypertrophic subaortic ste- 
nosis. From 1974 to 1978, seven other arteriograms had been 
performed in cases of idiopathic hypertrophic subaortic ste- 
nosis. We compared the results of these 19 arteriograms with 
those of 16 patients with aortic stenosis: All patients withid- | 
iopathic hypertrophic subaortic stenosis had a significant (30 _ 
mm Hg or greater) intraventricular pressure gradient at rest | 
or on provocation with isoproterenol or premature ventricular 
depolarization (average 79 mm Hg). Eighteen patients had 
a characteristic left ventricular angiographic pattern together _ 
with typical phonocardiographic and carotid pulse curves. An 
echocardiogram obtained in 16 of these cases was diagnostic _ 
of idiopathic hypertrophic subaortic stenosis in 15. v 

We found myocardial bridging of the left anterior de- . 
scending coronary artery in five patients with idiopathic hy- 
pertrophic subaortic stenosis (26.3 percent), whereas the 
frequency of myocardial bridges in large series of coronary 
arteriographic studies is estimated to be between 0.1 and 0.7 
percent. We found no myocardial bridge in any of the 16 pa- 
tients with aortic stenosis. 

Unlike Pichard and Kostis and their co-workers, we did not 
find systolic compression of the septal perforator arteries in 
all, but in 12 cases of idiopathic hypertrophic subaortic ste- 
nosis (63.2 percent). Like Pichard,’ we noticed septal perfo- 
rator compression in only one case of aortic stenosis (5 percent 
in our series). The reasons for the discrepancy on this point 
between the results of Pichard and our group and those of 
Kostis are not obvious. 

We found no statistically significant correlation between 
the degree of septal perforator compression and either the 
hemodynamic (especially the intraventricular pressure gr. 
dient) and echocardiographic features or the presence of a 
gina in patients with idiopathic hypertrophic subaortic st 
nosis. 

The role of myocardial bridging in myocardial ischemia w was 





















1 demonstrated by Noble et al.* Finding it in a case of id- 
athic hypertrophic subaortic stenosis, especially in asso- 
tion with a severe septal perforator compression, is for us 
irther argument for carrying out an effective beta adren- 
ic blocking regimen. Therefore, coronary arteriography 
uld be an indispensable step in any complete investigation 
diopathic hypertrophic subaortic stenosis. 

C. Bourmayan, MD 

C. Fournier, MD 

J. Gay, MD 

J. Baragan, MD 

A. Gerbaux, MD 

Department of Cardiology 

Boucicaut Hospital 

Paris, France 
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ECHOCARDIOGRAM IN APICAL 
HYPERTROPHIC CARDIOMYOPATHY 


che article by Hiroshi Yamaguchi et al.,! it is questionable 
he arrow in Figure 9 is depicting the border of the left 
itricular posterior wall or the echoes of the papillary 
scle. 
Richard S. Davis, MD 
Bronx, New York 
erence 
amaguchi H, Ishimura T, Nishlyama S, et al. Hypertrophic nonobstructive cardiomy- 


vathy with giant T waves (apical hypertrophy): ventriculographic and echocardiographic 
atures in 30 patients. Am J Cardiol 1979:44:401-~12. 





IRE 1. Apical hypertrophic cardiomyopathy. End-diastolic frame from a two dimensional 
icardiogram at the level of the papillary muscles (short-axis view). The thickness of 
the septum and the posterior free wall is markedly increased. The papillary muscles 
ilso hypertrophied. Obliteration of the apical cavity is clearly demonstrated. APM = 
rolateral papillary muscie; PPM = posteromedial papillary muscie. 
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REPLY 


The source of the multiple echoes in the M mode echocardi- 
ogram of the left ventricle has generally been thought oe 
the papillary muscles.’ In the cases of apical hypertrophic 
cardiomyopathy we presented, the posterior wall thickness 
may include some parts of the papillary muscles. The oblit- 
eration in the apical cavity is therefore composed of the hy- 
pertrophied papillary muscles muscles as well as the hyper- 
trophied septum and posterior wall (Fig. 1).?^ 

Two dimensional echocardiography also suggests that hy- 
pertrophied papillary muscles are related to the apical oblit- 
eration. However, M mode echocardiography sometimes 
makes it difficult to obtain and record the maximal internal 
dimension of the left ventricle during the scanning and may 
artificially produce a false apical obliteration even in normal 
subjects. It is therefore necessary to use two dimensional 
echocardiography as well as simultaneous M mode echocar- 





FIGURE 2. M mode (top) and two dimensional (bottom) echocardiogram simultaneously 
recorded in a normal subject. The echoes of the papillary muscles appear to produce a false 
cavity obliteration in the apical segment. 





diography for evaluation of hypertrophic cardiomyopathy 
(Fig. 2). We believe that cineangiographic confirmation of 
ventricular morphology is even more important in obtaining 
PWefinite diagnosis of apical hypertrophic cardiomyopathy. 
The cineangiogram can clarify the hypertrophic pattern of the 
apical segment as well as the presence or absence of coronary 
artery disease. 

Hiroshi Yamaguchi, MD 

Division of Cardiology and Internal Medicine 

Toranomon Hospital 

Tokyo, Japan 
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FORMAL CARDIAC REHABILITATION 


I am concerned that the article by DeBusk et al.! may give the 
impression that a formal cardiac rehabilitation program may 
be without benefit for many patients recovering from an acute 
myocardial infarction. Follow-up data collected from patients 
recovering from an acute myocardial infarction who were 
hospitalized at Cedars-Sinai Medical Center, Los Angeles and 
who did not enter a formal cardiac rehabilitation program 
showed the following: 

1. The percent of patients who engaged in unrestricted 
physical activities before and after acute infarction was 54 and 
11 percent, respectively. 

2. The percent of patients who engaged in moderate activity 
(walking 1 or more miles daily, and maintaining unrestricted 
social and occupational activities) before and after acute in- 
farction was 21 and 33 percent, respectively. 

3. The percent of patients who were sedentary (performing 
only routine household chores and engaging in no unusual 
physical activities) before and after acute infarction was 13 
and 35 percent, respectively. 

4. The percent of patients who were restricted (not able to 
perform routine household activities) before and after acute 
infarction was 6 and 16 percent, respectively. 

5. Overall, 6 percent of patients increased their activity level 
after an acute infarction, 41 percent showed no change and 
53 percent decreased their activity. 

Thus, among our patients who did not undergo formal 
cardiac rehabilitation, over one half became either sedentary 
or restricted in activity. With formal rehabilitation, only 11 
percent of patients were in these activity classifications. To 
base conclusions on a study in which the average “no training" 
patient was walking an average of 3 miles/day may not be 
valid, because in our experience 51 percent of postinfarction 
patients become either sedentary or restricted in activity. 
Formal cardiac rehabilitation programs have many benefits. 

Not least among them is that they motivate postinfarction 
patients who would otherwise become sedentary or restricted 
in activity to a greater level of physical exertion under close 
supervision from which, presumably, flow the benefits, in- 
cluding a longer life for the average patient in such a program.? 
The low level home exercise programs suggested by De Busk 
and colleagues as an alternative to formal cardiac rehabilita- 
tion appear to be suitable for only a small minority of such 
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patients, since 94 percent of patients without formal training | 
show either no change or decreased activity after acute in- | 
farction. | 
John K. Vyden, MD, FACC 

Cardiac Rehabilitation i 
UCLA School of Medicine 
Los Angeles, California 3 
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REPLY 


Most patients probably are less physically active after myo- 
cardial infarction, and Vyden properly points out that our “no 
training group" was not truly a control group in the sense that- 
patients underwent an intervention—treadmill exercise 
testing—as a prerequisite for entry into the study. Indeed, 
such patients reported walking considerable distances each - 
day. And this is one of the major points we wished to make: - 
Performance of the treadmill test in itself appears to increase 
patients’ confidence in their capacity to perform physical - 
activity and they become more active than they would have 
been without the test. Is this not “formal rehabilitation"? If 
it is safe for selected patients to walk 3 miles/day and if there 
are potential psychological and physical benefits to be had. 
from this cost-free, readily available activity, how “formal” 
does rehabilitation need to be? 1 
The primary objective of our study was to establish whether 
a relatively low level, short-term exercise training program, 
commencing soon after the acute event, would significantly 
augment the substantial increase in functional capacity that 
occurs spontaneously after clinically uncomplicated myo- 
cardial infarction. The increase in functional capacity was 
found to be greater in patients without ischemia who under- 
went exercise training in a supervised gymnasium program > 
than in similar patients who received no formal training. | 
Similarly, patients without ischemia who underwent home. 
exercise training attained a higher absolute functional ca-- 


| 


1 
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pacity at 11 weeks than similar patients who received no for- 
mal training. These differences, although statistically sig- 
nificant, may have marginal clinical significance, because all 
patient groups attained an average functional capacity of at 
least 9 METs by the 11th week after infarction. A functional 
capacity of 8 METs is considered an "exit criterion” for car- 
diac exercise training programs.! Such patients would be ca- 
pable of performing most vocational and avocational ac 
ties.? 

Our study thus demonstrates physiologic benefits for both. 
gymnasium and home exercise training programs commencing. 
soon after clinically uncomplicated myocardial infarction. Our 
study addressed only the short-term effects of exercise 
training on cardiovascular performance, not the impact of 
training on psychological status or prognosis. No one should 
conclude from our study that formal rehabilitation programs 
are without benefit. 

Yet it is clear that rehabilitation programs as presently 
constituted can accommodate only a small minority of post- 
infarction patients. A rough estimate of the gap between the 
demand for and the supply of such programs is as follows: 
600,000 persons survive myocardial infarction each year; at 
least two thirds of them—400,000—are free of major com- 
plications and therefore medically eligible to participate in 
exercise training programs. If one assumes that only persons 
aged 70 or less participated, 300,000 patients would be avail- 
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ETTERS TO THE EDITOR 


ible to enter medically supervised exercise training programs. 
yxisting programs in the United States accommodate no more 
han 200,000 patients with coronary disease annually. If the 
'apacity of such programs were increased 50 percent by re- 
lucing the duration of participation, the entire capacity of 
hese programs would be absorbed by postinfarction patients, 
eaving no room for patients with angina pectoris or those who 
iave had coronary bypass operations. The problem does not 
top there, because a sizable proportion of postinfarction 
'atients reside in communities that are too small (less than 
ipproximately 100,000) to support group training programs. 
"urther, even where programs are available, many patients 
'annot afford to participate for financial or logistic reasons. 

'Thus, group programs can meet only part of the need to 
»rovide “formal rehabilitation.” Other approaches are needed 
o facilitate the return to normal physical activities after 
nyocardial infarction. It is not surprising that patients become 
ess active after infarction: They and their physicians lack 
nformation concerning their safe level of activity. Even a low 
evel of effort, such as walking at a rate of 2 to 3 miles/h (2 to 
! METSs), represents an advance over the present circum- 
tance in which many patients are unnecessarily restricted 
ioon after infarction. A treadmill exercise test helps to provide 
issurance that this level of effort is safe for a given patient. 
Nhether the physiologic benefit of exercise training at a level 
nore intense than walking justifies the risk and the cost of 
ormal programs remains to be established. In summary, we 
»elieve it is too early to conclude that only formal group pro- 
rrams of rehabilitation can meet the needs of patients re- 
'overing from myocardial infarction. 


Robert F. DeBusk, MD, FACC 
Cardiac Rehabilitation Program 
Palo Alto, California 
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EFFECTS OF ANTIHYPERTENSIVE THERAPY ON 
CARDIOVASCULAR RESPONSE TO EXERCISE 


"he effect of various antihypertensive drugs on blood pressure 
ontrol during exercise is an area not quite as neglected as 
pparent from the article by Lee et al.! In our laboratory we 
iave systematically studied the long-term hemodynamic ef- 
ects at rest and during exercise of the following antihyper- 
ensive drugs: hydrochlorothiazide, polythiazide, chlorthali- 
lone, alpha methyldopa, clonidine, prazosin, six different beta 
locking agents and labetalol. It is true that blood pressure 
ontrol during exercise often differs from that during rest, and 
here are large differences in the hemodynamic mechanisms 
iehind the reduction in blood pressure. A relatively recent 
eview (with 106 references) is found in Reference 2. Many 
tapers on hemodynamic effects include observations during 
xercise. Exercise studies of more recent antihypertensive 
gents, such as bunitrolol and labetalol, are found in Refer- 
nces 3 and 4. 
Per Lund-Johansen, MD 
University of Bergen 
School of Medicine 
Bergen, Norway 
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REPLY 


We were aware of the works referenced by Lund-Johansen. 
However, only pertinent research works with a similar ob- 
jective or a design comparable with ours were selected for 
discussion. 


Won Ro Lee, MD, FACC 

Lawrence M. Slotkoff, MD . 
Georgetown Medical Division (Cardiology) 
D.C. General Hospital 

Washington, D.C. 


SYSTOLIC HYPERTENSION IN THE ELDERLY —I 


Simon et al.! present an interesting study on the difference 
in mechanisms of systolic hypertension in younger and older 
patients. Given the different mechanisms, the difference in 
response to propranolol and nitroprusside in the two groups 
would certainly be expected. However, I disagree with their 
conclusion that older patients with isolated systolic hyper- 
tension should be treated with vasodilators. It certainly has 
been well demonstrated that systolic hypertension, especially 
in the elderly, is correlated inversely with survival,? but to my 
knowledge there are no studies that show that treating systolic 
hypertension in the absence of diastolic hypertension lessens 
morbidity and mortality. The major cause of systolic hyper- 
tension in older patients appears to be atherosclerotic non- 
compliant vessels, and treating that problem as such cannot 
be done. Furthermore, the therapy of systolic hypertension 
may decrease diastolic pressures to levels lower than desired, 
resulting in lower perfusion pressures than desired. 'T'his, of 
course, could be particularly deleterious in older patients with 
coronary artery disease. Older patients are also prone to the 
development of symptoms of orthostatic hypotension, and 
antihypertensive medications in older patients with isolated 
systolic hypertension may exacerbate these symptoms. 
Therefore, I believe that older patients with systolic but 
without diastolic hypertension should generally not be treated 
with antihypertensive medications. 
St. George T. Lee, MD 
Department of Cardiology 
Riverside Hospital 
Newport News, Virginia 
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SYSTOLIC HYPERTENSION IN THE ELDERLY —II 
We are especially interested in the suggestion of Simon et al. 
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itrügrungide-Iike" drugs might prove successful in 
rolling systolic hypertension in the elderly. However, 
ain of their findings are puzzling: (1) In the older patients 
ing nitroprusside, the total peripheral resistance in- 
sed. Although this increase was statistically nonsignifi- 
lifficult to interpret in light of the known action of 
oprusside: arteriolar dilatation. (2) The authors refer to 
fect of. nitroprusside-like drugs on compliance of the 
out. giving examples of such drugs. How do the au- 
explain the increase in peripheral resistance, and which 
yrüsside- like drugs would they recommend for 






























EL Geft, MBChB, MRCP (U.K.) 
Monty M. Zion, MD, FRCP, FACC 
Cardiology Department 
Shaare-Zedek Medical Center 
Jerusalem, israel 


REPLY 


Thep purpose of our study was to determine the mechanisms 
_of systolic hypertension in younger and older patients. Drugs 
were used to confirm the described mechanisms. Because ni- 
| troprusside was given intravenously to our patients, we 
mentioned the use of vasodilating drugs to treat systolic hy- 
: pertension in the elderly only as a possibility. However, several 
-recent studies provide indirect evidence supporting the pos- 
P sibility of such treatment. 
|... .Epidemiologic studies!-* have shown that systolic hyper- 
3 tension, especially in the elderly, is correlated inversely with 
: survival The Veterans Administration Cooperative Study 
'group,? evaluating the influence of age on the effectiveness of 
- antihypertensive treatment, found that in patients more than 
60 years of age the rate of morbid events was 62.8 percent in 
the control group and 28.9 percent in the treated group. 
- Subsequently, the effectiveness of treatment in preventing 
morbid events (that is, the difference between the incidence 
rate of major complications in the control and treated groups 
divided by the incidence rate in the control group) was 54 
percent in the patients aged 60 or more years. More recently, 
.. the side effects of antihypertensive therapy in patients more 
-than 60 years of age were extensively studied by the European 
-Working Party on High Blood Pressure in the Elderly." 


TABLE | 


i Hemodynamic Changes After intravenous Nitroglycerin (15 -y/min during 15 minoes) 
Patients With 









During a 2 year follow-üp. period, the antihypertensi 
treatment had no major deleterious effects in relation. 
coronary heart disease or orthostatic hypotension. The ma 
disturbance was an increase in serum creatinine and uric at 
that was maintained for 2 years. Because the antihypertensi 
drugs were hydrochlorothiazide, triamterene and methyld 
pa,’ the results of the study suggest that new types of tre: 
ment for the elderly should be of interest. 

Several vasodilating drugs have recently been proposed. | 
use in clinical pharmacology. Most of them have min 
secondary effects on the sympathetic nervous system. If 
could increase arterial compliance, their antihypertens 
effect in the elderly should be considered. Tat i 
example, the changes in systolic pressure observed. afte 
travenous nitroglycerin in patients with hypertension? B 
in patients with borderline and in patients with sustain 
hypertension, a significant increase in arterial compliance was 
observed. In patients with borderline hypertension, this in 
crease was associated with an important baroreflex response 
causing an elevation in heart rate, diastolic pressure and total 
peripheral resistance, as described in detail elsewhere.* I 
patients with sustained hypertension, the increase in. com 
pliance was not associated with a significant change in tote 
peripheral resistance. This peculiar effect was due to the use 
of small doses of nitroglycerin. Similarly, we used small doses. 
of nitroprusside i in our study of systolic hypertension. With. 
such doses, it is possible to show the direct effect of vasodi 
lating drugs on large arteries and the resultant predominan 
decrease in systolic pressure. Of course, with larger dose: 
arteriolar dilation occurs, causing a decrease in both ayton 
and diastolic pressures. 
































Agregé Michel Safar, MD 
Unité de Traitement et — 
d'Hemodynamique du 
Centre de Recherche sur 
l'Hypertension Artérielle 
Hópital Broussais | 
Paris, France 
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Borderline Hypertension Patients With 
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Mean . 99 + 
- Heart rate baara 72+ 
LV. ejection time (s) 0.352 + 


~ Cardiac index (ml/min per m?) 










* tF Probability (p) value 0.05, 0.02, 0.01, respectively, in comparison with the basal value. 
All values are expressed as mean value +1 standard error of the mean. LV = 








troke index (ml/m?) 73 3 
oke index/LV ejection ratio (ml/m? per s) 173 + 10 
Total peripheral resistance (dynes-s-cm™ 5.m?) 1813 + 124 
= eme arterial compliance (mi/mm Hg per m?) 1.27 + 0.10 
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138 + 2 17446 157 X5! 
80 + 2 97 +2 97 3 
100 + 3 12444 11644 
77 X 4! 7443 774  — 
0.335 + 0.013 0.336 + 0.008 0.310 + 0.008- 
3965 + 263* 3400 + 234 3059 + 202. 
52 + 41 46 +2 4141. 
162 + 10 137 +7 13447. 
2103 + 156* 3024 + 156 3103 +: 
2.27 + 0.34! 0.90 + 0.11 5+ 





left ventricular. 
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EFT ANTERIOR FASCICULAR BLOCK AND INFERIOR 
MYOCARDIAL INFARCTION 


he results of Fisher et al.! describing scalar electrocardio- 
'aphic criteria for the concomitant presence of left anterior 
cicular block and inferior wall myocardial infarction are 
encouraging to students of deductive electrocardiography and 
zrant’s spatial vector method.^ The diagnosis of inferior 
myocardial infarction with concomitant left anterior fascicular 
block by vectorcardiographic criteria is dependent on reversal 
f QRS loop rotation to counterclockwise beyond the 40 ms 
QRS instantaneous vector.’ False positive electrocardio- 
raphic diagnoses of left anterior fascicular block in patients 
with only inferior myocardial infarction by vectorcardiography 
may occur with the criteria proposed! because loop rota- 
ion—a vectorcardiographic criterion for left anterior fascic- 
ular block— cannot be easily translated into routine scalar 
electrocardiographic terms. 

_ [have observed patients whose studies satisfied quantita- 
ive vectorcardiographic criteria for inferior myocardial in- 
arction* who have left axis deviation on electrocardiography, 
a terminal positive deflection (r wave) in lead aVR, a terminal 
negative deflection (S wave) in leads II and aVF and whose 
intire QRS loop in the frontal plane on Frank vectorcardi- 
graphy rotates clockwise (Fig. 1 and 2)! All of these persons 
had morphologic QRS complexes in leads II and aVF although 


and less than 25°, respectively, in the frontal plane. 
Deductive electrocardiography, such as that utilized by 
isher et al. in the formulation of their “hypothesis,” would 
ive predicted that in all these persons the depth of the S 
ave should have exceeded that of the Q wave in the com- 
xes of lead II. By similar reasoning, an RSr' rather than an 
R' or QR complex should have occurred in lead aVR, al- 
wing differentiation of such troublesome cases. Neither of 
ese hypotheses was dependably correct, probably because 
he assumptions inherent in the hexaxial reference system 
efined by the Einthoven triangle. The standard and aug- 
ented limb leads are not pure "frontal plane leads," as torso 
tudies have revealed.® 

What appears to be valid, however, is that in those cases 
vith a false positive diagnosis of left anterior fascicular block 
ly the electrocardiographic criteria of Fisher et al., the width 
duration of inscription in the vectorcardiogram) of the Q 
/ave in leads II and aVF is greater than that of the terminal 
wave in these leads (Fig. 1). This would appear to occur only 
rhen QRS loop rotation in the frontal plane beyond the 40 ms 
ector remains clockwise (Fig. 2). Perhaps the criteria recently 
ublished for concomitant left anterior fascicular block should 











mean and maximal amplitude QRS vectors were all negative | 
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FIGURE 1 (top) and FIGURE 2 (bottom). See text for discussion. 


be further revised to exclude such rare cases by imposing the 
further restriction that the “deep terminal S wave in lead II 
must be wider than any preceding Q wave in that lead." 
Michael J. Zema, MD, FACC 
Brookhaven Memorial Hospital Medical Center 
Patchogue, New York 
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dbe PE EA that the false positive pattern illus- 

ted is relatively rare. Zema’s suggestion of using both width 
depth criteria for analyzing the terminal S wave in lead 

uld help to make our proposed criteria more specific. 

tal specificity cannot be anticipated until there are well 

established and unequivocal standards for the recognition of 

left anterior fascicular block. 

Michael L. Fisher, MD, FACC 

Veterans Administration Medical Center 

Baltimore, Maryland 








5: BLECTROCARDIOGRAPHIC PSEUDOINFARCTION 

| < PATTERN WITH PERICARDIAL EFFUSION 

Salem and colleagues! described two patients with a large 
posterior pericardial effusion associated with electrocardio- 
graphic Q waves that disappeared after clearance of pericar- 

dial fluid. Although myocardial infarction was excluded in 
each case no precise explanation could be offered for the 
phenomenon but it was thought that changes in electrical 
: conductivity and orientation of the heart within the pericar- 
dial sac in the presence of pericardial fluid might be respon- 
sible. These two cases were apparently the first reported il- 
lustrated examples of the occurrence of Q waves in this sit- 
uation. 

These two cases reminded me of a not dissimilar case that 

Levison and I? reported in 1976. 
Case report: A 14 year old Scottish boy was found to have 
a large heart shadow on a chest radiograph taken because of 
contact at school with a child with tuberculosis. A presumptive 
diagnosis of tuberculosis pericardial effusion was made and 
he was admitted to the hospital. His symptoms were dry 
cough, retrosternal discomfort, anemia and occasional vom- 
iting during the preceding week only. The electrocardiogram 
on admission is shown in Figure 1, top. Treatment with rif- 
-ampicin, ethambutol and isoniazid was begun but on the 6th 
day. after admission he became dyspneic and cyanosed. Car- 
“diac tamponade was apparent clinically. One liter of blood- 
-stained pericardial fluid was aspirated using an anterior ap- 
proach. Within hours of aspiration the patient's condition 
deteriorated. 

À second electrocardiogram revealed Q waves in leads I, 
‘aVL and V» to V5 (Fig. 1, bottom). In the belief that further 
.hemopericardium may have been induced by needle trauma 
-during aspiration, a further aspiration was attempted and 300 
` ec of sanguinous pericardial fluid was aspirated with no clin- 
ical benefit. The patient died 10 hours after the initial aspi- 
ration despite attempts at resuscitation. 

The case was of particular interest because the patient 
"proved at necropsy to have a primary angiosarcoma of the 
right atrium and was younger than any previously reported 
patient with this finding. Moreover, histologic study showed 
-the sarcoma to be of the Kaposi type. The electrocardiographic 
changes, although mentioned, were not illustrated in the 
paper. There was no evidence of coronary occlusion at ne- 
-eropsy and I believed the electrocardiographic changes were 
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FIGURE 1. Electrocardiograms. Top, on admission to pane whan 
patient presented with pericardial effusion. Appearances are normal 
apart from some multifocal ectopic complexes. Bottom, after aspiration 
of one liter of pericardial fluid showing development of Q waves in leads __ 
I, aVL and V» to Vs. E 


probably due to major positional changes incurred by the re- — 


moval of 1 liter of pericardial fluid. The electrocardiographic _ 
changes in this patient are very similar to those of Patient 1 . 


of Salem et al. Interestingly, whereas in the American cases, . 
Q waves disappeared after aspiration, in the Scottish caseQ 


waves developed after aspiration. Unlike the American pa- __ 
tients our patient had an extensive and not a localized pos- 


terior effusion. Y. 
Being a respiratory physician rather than a cardiologist | 


would not presume to offer explanations for the development 
of Q waves with pericardial effusion. However, I trust that _ 
Salem and associates will be interested to read of my case and: 


will not be aggrieved if I proffer that the association had _ 
previously been noted. r 
Peter d'A Semple, MB, MRCP a 
Medical Division E 
Southern General Hospital 
Glasgow, Scotland 
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REPLY 


We were interested to learn of this case, and not aggrieved b: 
the claim that the association of Q waves and pericardia 




















rate, 

In their description of the electrocardiographic changes 
< Levison and Semple stated: “By this time Q waves had de- 
veloped in the chest leads V1-V4 of the electrocardiogram, 
suggesting coronary occlusion as another possible cause of 
enzyme rise." Nowhere in the discussion is the possibility of 
~ the effusion being responsible for the Q waves mentioned; the 
-electrocardiographic changes occurred after a traumatic 
- pericardiocentesis and, even though coronary occlusion is 
implied, there is no description of the coronary arteries in the 
anatomopathologic report. 

- The context of the letter submitted to you is clearly dif- 
ferent from that of the article. If in retrospect Semple believed 
that the electrocardiographic changes were probably due to 
major positional changes incurred by the pericardiocentesis, 
he failed to discuss it in his article. 

d Jaime Benrey, MD, FACC 

Mark Schnee, MB, FACC 

Texas Heart Institute 

Houston, Texas 

Carlos M. de Castro, MD, FACC 

Division of Cardiology, 

The Clayton Foundation for Research Laboratory 
St. Luke's Episcopal Hospital 

Houston, Texas 





o DRAINAGE OF PERICARDIAL EFFUSION 

_ The exchange of letters over “medical” vs. surgical drainage 
. of pericardial effusion by Becker, Achuff and Wei! sheds 
- considerable light on the approach to management of a first 
_ class emergency—cardiac tamponade. I have been doing 
| pericardial catheterization drainage for over 20 years?-4 and, 
. although in two cases a ventricle was entered, I have been 
_ fortunate to have had no mishaps (although an occasional “dry 
. tap"). This may be due to luck or to the prevalence of very 
* large effusions, which are easier to drain. | also prefer to aim 
_ for the left rather than the right shoulder and to proceed in 
. avery slow, worm-gear motion as outlined elsewhere.’ 

_ Ithink all points made by both “opponents”! are valid and 
. that, despite my own good luck, a limited subxiphoid surgical 
approach is probably optimal. When one does not have suf- 
icient time and the situation is deteriorating rapidly, a needle 
pericardiocentesis must be done. I would only plead that the 
catheterization technique be used always, because once you 
are "in," a relatively soft catheter rather than a hard needle 
3 pointed at the heart. On the other hand, I must disagree 
trongly with Becker's citation of the report by Kilpatrick and 
1apman® as providing competent evidence. This was, indeed, 
interesting, largely historical account. That part of it from 
heir personal experience involved only 12 cases, in which the 
nly death occurred in a patient with malignant invasion of 
he pericardium immediately after instillation of nitrogen 
iustard into the pericardial space— certainly not a compli- 
ition of the tap itself. The authors make the incomprehen- 
ble statement: “Probably most attempts at pericardiocen- 
tesis have gone unrecorded unless they provide diagnostic 
. information of dramatic input. Unsuccessful attempts, and 
.. not infrequently complications, may also fail to find their Way 
_ into hospital records."6 Plainly, this will not do. It is conjecture 
and not supported by a scintilla of evidence. Routine practice 





















- effusion had previously been noted, because it is inaccu- 


i inany decent hospital is to record and note the details of all 


procedures. This is surely the standard in teaching hospitals 
and the report of Kilpatrick and Chapman is from a teaching 
hospital. In any case, even these authors agree to pericargiaf 
puncture when "time is of the essence." Moreover, large 
effusions are relatively easy to tap and should provide no 
difficulties for those willing to apply the exquisite care and 
patience necessary to avoid mishap.? 
David H. Spodick, MD, DSc, FACC 

University of Massachusetts 

Medical School 

Division of Cardiology 

St. Vincent Hospital 

Worcester, Massachusetts 
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o n & ON 


POSTOPERATIVE CONSTRICTIVE PERICARDITIS 


In their report of three cases of constrictive pericarditis after 
myocardial revascularization Marsa and colleagues! present 
well formulated conclusions regarding the role of povidone- 
iodine solution (Betadine®). In light of the appearance of these 
cases after the routine use of Betadine, it was reasonable to 
assign it a role in producing constriction. Previous work sup- 
ports the role of the iodine moiety of Betadine. At least 28 
agents or procedures have been employed to cause experi- 
mental pericardial scarring.? These data include the early 
work of Beck and Moore? and Musser and Herrmann,* who 
used iodine tincture to produce pericardial adhesions. 

David H. Spodick, MD, DSc, FACC 

University of Massachusetts 

Medical School 

Division of Cardiology 

St. Vincent Hospital 

Worcester, Massachusetts 
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REPLY 


We appreciate Spodick's considerate and informative obser- 
vations. Also we wish to draw attention to Cohen and 
Greenberg's report! of postoperative constrictive pericarditis, 
published after submission of our manuscript. 

Two additional cases of surgically confirmed postoperative 
constrictive pericarditis have been seen by our group: Case 
1: Nine months after an uncomplicated pulmonary commis- 
surotomy performed in Saudi Arabia by members of our 
surgical team, an 18 year old Saudi Arabian youth presented 
with right heart failure (mean right atrial pressure 20 mm Hg) 
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. anda right pleural effusion. He was successfully reoperated 
- on in February 1979, with decortication of very adherent, 
densely fibrous tissue encompassing the heart and adjacent 
rreat vessels. It is not known whether he had had intraoper- 
e pericardial irrigation with povidone-iodine solution at 
me of his original operation. There was no evidence of 
0815. 
€ 2: In a9 year old Korean girl with tetralogy of Fallot, 
ral pleural effusions developed 10 days after corrective 
ery performed at this institution in January 1980. She was 
rile. Increasing evidence of right heart failure led to car- 
: catheterization (intracardiac diastolic pressures were 
. approximately 20 mm Hg) and to surgical exploration 4 weeks 
postoperatively. Surgery revealed loculated pericardial fluid 
-with a severely adherent pericardium, which was removed 
anteriorly. Recurrent right heart failure and pleural effusions 
. led to reexploration 5 days later, with discovery of a newly 
-. formed, dense epicardial peel. Decortication was followed by 
- -immediate improvement in the patient's hemodynamics and 
. a8 subsequently uncomplicated course. Histologically the 
_ surgical speciman showed dense fibrosis and areas with pos- 
- sible talc crystals and foreign body giant cells. The pericar- 
- dium had not been irrigated with povidone-iodine. 
‘The addition of these two cases to previously reported cases 
-.. of constrictive pericarditis after cardiac surgery gives a total 
: of 19. It is possible that as awareness of this entity increases 
it may prove to be more frequent than previously thought. 
LER Robert J. Marsa, MD 
Division of Cardiology 
Loma Linda University Medical Center 
Loma Linda, California 
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JUNCTIONAL ECTOPIC TACHYCARDIA IN INFANTS 


— I have been treating an 8 month old male infant with junc- 
tional ectopic tachycardia whose clinical course contrasts 

- sharply with that of the patients described by Garson and 
Gillette.! The infant had an uneventful gestation and a normal 
spontaneous delivery. At age 2 days his heart rate ranged from 
200 to 230 beats/min. An electrocardiogram (Fig. 1) demon- 
strated junctional tachycardia with occasional capture beats. 

- Neither digitalization nor administration of propranolol (3 
mg/kg daily) altered the rhythm. The infant was discharged 
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E : FIGURE 1. Lead It electrocardiogram obtained at age 7 months. 















from the hospital without medication. Although he had con: 
tinuous junctional tachycardia, he remained asymptoma 
and grew normally until age 3 months when he was hosp 
ized for an elective inguinal herniorrhaphy. Premedicati 
was not given; anesthesia was induced with halothane b 
mask. While being intubated he manifested ventricular 
tachycardia (rate 240 beats/min). He was immediately given ` 
100 percent oxygen, and the arrhythmia reverted to junctional : 
tachycardia in about 15 seconds. Induction of anesthesia with | 
halothane was again attempted, and ventricular fibrillation : 
developed. After defibrillation with 50 watt seconds of direct 
current, the arrhythmia reverted to junctional tachycardia: 
The patient has had no further surgical procedures. When 
seen at age 8 months, his rhythm was unchanged; he was - 
asymptomatic and growing normally. | EM 
Although this patient's junctional tachycardia appeared - 
to be benign, a dangerous arrhythmia developed under the 
stress of general anesthesia. I recommend premedication with | 
propranolol and insertion of a temporary pacemaker before 
induction of general anesthesia in similar patients. : 
William R. Pearl, MD . 
El Paso, Texas — 
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REPLY 


Supraventricular tachycardias due to an ectopic focus are. 
highly sensitive to sympathetic tone.! Pearl's patient dem- 
onstrated that during endotracheal intubation when sympa- 
thetic tone would most likely be high, either the junctional rate 
increased to 240/min with ventricular aberration or ventric- 
ular tachycardia developed. It would be impossible to dis- 
tinguish between these two entities in the surface electro- 
cardiogram, because each would have a prolonged QRS du- 
ration, with atrioventricular dissociation and possible fusion 
or capture beats. Halothane anesthesia is known to increase 
myocardial sensitivity to catecholamines and to decrease 
peripheral vascular resistance.? Ventricular fibrillation most 
likely developed because of the increase in sympathetic tone 
and increased sensitivity to catecholamines. 

In managing Pearl’s patient, we would further increase the 
propranolol dosage (up to 15 mg/kg daily). This dosage is 
usually well tolerated in children.? Our goal in therapy is to 
keep the heart rate in all patients at less than 150 beats/min. 
The development of cardiomyopathy in patients with chronic 
supraventricular tachycardia appears to be associated with 
more rapid heart rates.! We would have used an energy dose 
for defibrillation approximately one third of that used by 
Pearl. Assuming that a 3 month old infant weighs 4.5 to 5.4 kg, 
we would have used 10 to 12 joules for defibrillation. Gutgesell 
et al. have established that the energy dose required for de- 
fibrillation in children is approximately 1 joule per pound. 
Since our report, we have had experience with three other 
patients, two of whom demonstrated the effects of increased 
sympathetic tone on junctional ectopic tachycardia. In the 
first patient, junctional ectopic tachycardia was noted soon 
after birth, and by age 8 months, although there was no other 
cardiac defect, the infant had chronic congestive heart failure. 
The rate of tachycardia was continuously higher than 250/min 
despite treatment with digoxin (0.01 mg/kg daily) an 3 
pranolol (18 mg/kg daily). On separate days, intravenous 
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`- phenytoin (15 mg/kg over 1 hour) and intravenous verapamil 
~ (0.15 mg/kg over 10 minutes) were given. Each resulted in a 
: decrease in blood pressure and an increase in the rate of 
.. tachycardia. This was most likely due to a reflex increase in 
. sympathetic tone caused by the hypotension. One week later, 
* when the infant was undergoing endotracheal intubation for 
> surgical ablation of the bundle of His and was anesthetized 
with halothane, ventricular fibrillation developed. After de- 
‘fibrillation, the bundle of His was successfully ablated by 
| freezing, and a permanent ventricular pacemaker was im- 
: planted. The infant has been without junctional ectopic 
< tachycardia for 3 months. He has entirely paced rhythm at a 
` rate of 90/min. 
* The other patient, one of twins born with junctional ectopic 
. tachycardia, also had mild hypotension in response to intra- 
. venous verapamil and had an increase in the rate of junctional 
. ectopic tachycardia. The increased rate was reversed with 
. intravenous calcium chloride, but the junctional tachycardia 
continued. 
_. Therefore it appears that any agent that lowers blood 


; pressure through either a decrease in systemic vascular re- 


¿sistance or a decrease in myocardial contractility may increase 
-circulating catecholamines and increase the rate of junctional 
ectopic tachycardia. It is possible that phenylephrine with its 
- attendant increase in vagal tone or calcium with its resultant 
increase in myocardial contractility might be successful acute 
: treatment for junctional ectopic tachycardia in these situa- 
= tions. 
~ We agree with Pearl that all patients with junctional ectopic 
-tachycardia should receive propranolol before undergoing any 
surgical procedure. We would add that if the operation is 
elective, the patient should have a propranolol serum con- 
. centration greater than 40 ng/ml. A pacing catheter is not 
. required for these patients. Bradycardia is unlikely and ven- 
tricular fibrillation will not respond to pacing. If the operation 
is performed as an emergency and the patient has not been 
receiving propranolol therapy, a pacing catheter should be 
inserted in the ventricle in case bradycardia develops, and 
. propranolol, 0.1 mg/kg intravenously, should be given in four 
divided doses over 20 minutes before induction of anes- 
thesia. 
Arthur Garson, Jr., MD 
Paul C. Gillette, MD, FACC 
Texas Children's Hospital 
Houston, Texas 
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ABSENT RIGHT SUPERIOR VENA CAVA 


Lenox et al.! attempted a review of all published cases of ab- 
-sent right superior vena cava; however, they overlooked the 
two cases reported by Marin-Garcia et al.? Both cases were 
recognized before operation (correction of coarctation of aorta 
-in one and closure of an atrial septal defect under cardiopul- 
“monary bypass in the other). Although Lenox et al. comment 
on certain problems that this anomaly may pose during car- 
diac surgery, it is important to emphasize those situations 


where the diagnosis of absent right superior vena cava is 





mandatory: for instance, when an associated cardiac defect 
has to be repaired using cardiopulmonary bypass. In this sit- 
uation, in addition to cannulation of the inferior vena cava, 
cannulation of the left superior vena cava is necessary, which 
can be accomplished by way of the coronary sinus, which is 
usually very dilated. A Glenn procedure may be indicated in 
patients with cyanotic congenital heart disease and decreased 
pulmonary blood flow. In this situation absence of the right 
superior vena cava requires that anastomosis be carried out 


 inthe left side. When a Mustard procedure is indicated in 


patients with transposition of the great arteries, attachment 
of the interatrial baffle might be different if the right superior 
vena cava is absent. As Lenox et al. point out, this anomaly 
may be less rare than previously thought. The diagnosis can 
be accomplished by means of cardiac catheterization and 
angiocardiography. 
José Marin-Garcia, MD, FACC 
Department of Pediatrics 
University of Tennessee Center 
for the Health Sciences 
Memphis, Tennessee 
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REPLY 


I apologize for omission of the two cases of absent right su- 
perior vena cava reported by Marin-Garcia et al. 

In our review we did emphasize the importance of diag- 
nosing absent right superior vena cava, both because of 
problems with cannulation at the time of surgery and because 
of the increased likelihood of conduction system abnormalities 
in the older patient with this entity. In cyanotic as well as 
noncyanotic heart disease, it is important to identify the 
presence of the right superior vena cava as well as persistent 
left superior vena cava. However, if augmentation of the blood 
supply to the pulmonary artery is needed, à Glenn procedure 
is rarely indicated. e 

In patients with transposition of the great arteries under- 
going a Mustard procedure, the left superior vena cava would 
have to be cannulated. In cannulation of the left superior vena 
cava 1 again referred to Bosher,! who suggested that the can- 
nula be advanced up the cava until its tip lies just inside the 
pericardium, thus decréasing the possibility of trauma to the 
conduction tissue in the area of the large coronary sinus. In 


. performing the Mustard operation it is necessary to divert the 
large coronary sinus flow to the left-sided atrium and ventricle. 
"This should be done cautiously because the conduction tissue 


extending from the atrioventricular node around the coronary 
sinus would be vulnerable to trauma. `. 

I take this opportunity to add the case of unilateral left 
superior vena cavá described by Holmes,? which was on the 
original list of cases to be included and was inadvertently left 
out. With the addition of these three cases there are 71 known 
cases at the present time. 

It is hoped that, in time, more people will report their series. 
We would like to make a plea for electrophysiologic evaluation 
at the time of cardiac catheterization or microscopic study of 
the conduction system on postmortem material. In a future 





publication we will be reporting on the pathologic studies of 
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onduction system in our two postmortem cases (Cases 


Cora C. Lenox, MD, FACC 
Pediatric Cardiology Division 
Children’s Hospital of Pittsburgh 
Pittsburgh, Pennsylvania 
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NONINVASIVE MEASUREMENT OF 
VENTRICULAR PRESSURE —1 


B Since the recent publication of our paper! on noninvasive 
. measurement of ventricular pressure throughout systole, we 
- have discovered two important and relevant publications.?? 
_ Using the Navier-Stokes equation, these authors developed 
- an equation for deriving aortic blood velocity from a contin- 
- uous recording of aortic pressure. In our paper, we derived 
pressure from a left ventricular volume-time curve obtained 
-by nuclear techniques, using the basic equation: 


dP/dt = pvy 
They derived the equation: 
| dP/dt = pey  acv. 


(dP/dt is the first derivative of the pressure, p is density of 
blood, v and y are velocity and acceleration of the ejected 
“blood, c is the pulse wave velocity, a is a constant.) The major 
differences between their approach and ours are: (1) They did 

. mot assume, as we did, that the velocity of the pulse wave 
equals the velocity of the blood; and (2) they introduced the 
‘term, acv, that accounts for friction. Their data support the 
validity of their equation, as do our recent experimental 

ata. 

In three dogs we examined the relation between the left 
ventricular time-activity curve obtained with a camera com- 
puter system and the changes in aortic root pressure measured 
with a catheter. In each dog the chest was opened and a cali- 
brated electromagnetic flowmeter was placed around the 
aortic root; and a pressure transducer was introduced into the 
carotid artery, and with fluoroscopy was placed as close to the 

aortic valve plane as possible. We waited 4 days for recovery 
— from the thoracic surgery and stabilization of the baseline of 
-the flow tracing. Gated equilibrium radioventriculography 
. with the dog in a 40? to 50? left anterior oblique position was 

performed together with pressure and flow recordings on an 

. oscilloscope, at. rest and under pharmacologic changes induced 

- by dibenzylline or propranolol. Each dog received 15 mCi of 
` technetium-99m human serum albumin intravenously. We 
ie obtained a left ventricular time-activity curve integrated over 
: nutes of acquisition. Ejection fraction (EF) was then 
a calci lated. A mean stroke volume (SV) was obtained from the 
flow tracing by analysis of 10 beats. The end-diastolic volume 
< XEDV), calculated from the equation EDV = SV/EF, was used 
for calibration of the absolute volume-time curve. The area 
of the aortic opening was measured directly at postmortem 
. examination. A calculated pressure tracing was derived using 
.. equation (5) of the publication. The pulse pressure ranged 
- from 1 tó 4 mm Hg in 12 experiments, instead of 20 to 40 mm 
Hg: as recorden by the pressure transducer. These results can 
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be interpreted as follows: Integration by parts of our equa 
gives the following result: P P, = 4pv2, which is the kin 
pressure. Kinetic pressure in the aorta had been measured 
found to have values within a range similar to ours.*- 
Thus, we conclude that the shape of the ventricular pressur 
curve as a function of time can be derived from the ventricul 
volume-time curve throughout systole, but for calculation. 
absolute pressure, we also need a measurement of the pulse 
wave velocity. We are now exploring several approaches to t 
calculation of absolute dressume from the ventricular v« 
ume-time curve. | 
| Henry N. Wagner, Jr. 
Michel H. Bourguignon. 
The Johns Hopkins Medical Institutions : 
Division of Nuclear Medicine and — 
Radiation Health Sciences | 
Baltimore, Maryland 
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NONINVASIVE VENTRICULAR 
PRESSURE MEASUREMENTS —II 


In attempting to measure ventricular pressure indirectly from _ 
the time-activity curve of ventricular ejection, Bourguignon | 
and Wagner! have provided a new twist to an old controversy. | 
In the first half of this century; a major goal of cardiovascular | 
research was to do the opposite—to measure ventricular 
ejection from aortic pressure.” Attempts to do so proved un- 
rewarding, because of the difficulty in characterizing arterial ! 
properties, and so identifying the separate components of 
cardiac ejection and vascular response in the arterial press\ity 3 
pulse. 2 
The method of Bourguignon and Wagner suffers from the 2 
same fundamental defect. Pressure generated in the ventricle 
during systole depends not only on the pattern of ventricular 
ejection but also on arterial viscoelasticity and blood density 
(which determine pulse wave velocity) and on the location of- 
arterial branchings and terminations (which determine wave _ 
reflection). Studies of pressure and flow patterns and of vas- 
cular impedance in experimental animals and in man?^ have. 
provided evidence of strong wave reflection, and of consequent 
augmentation in arterial and left ventricular pressure during 
systole. Thus, pressure in the ventricle during systole depends 
not only on the centrifugal wave generated by ventricular 
ejection but also on the. EUM waves that result fr 
wave reflection. zi 
No allowance is made for wave dedni in the aldun. 
of Bourguignon and Wagner, which are based on the premise. 
(their principle 2) that force, and so pressure, in the aorta are. 
generated solely by acceleration of blood into the aorta. ^. . 
In view of this fundamental deficiency, it is difficult to. 
foresee the method described as having any more value than 
the older techniques that attempted the converse—m 
surement of ventricular ejection from arterial pressure 


Michael O'Rourke, MD, F 
Peter Bent Brigham. Host 
Boston, Massachusetts - 
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REPLY 


-. Our overall goal has been to measure both ventricular volume 
.. and pressure as a function of time, since this would make it 

possible to monitor ventricular work. As MacDonald! has 
stated, measurement of pulsatile flow can make as great a 
contribution to understanding of the physiology of the cir- 
culation as has measurement of pulsatile pressure. As he 
_ stated: “The creation of a flow of blood and its transport to 
. and from the tissues is, after all, the purpose of the cardio- 
vascular system. The accompanying pressure changes, al- 
<- though intimately related to the flow, are essentially of sec- 
. ondary interest." The greatest potential of nuclear techniques 
"in cardiology is that for the first time they permit continuous 
. monitoring of ventricular volume. On theoretical grounds it 
_ should be possible to derive the pressure pulse wave during 

- systole from the ventricular volume-time curve, the velocity 
of the pulse wave at the opening of the aortic valve, and blood 
. density. In 1956, Fry et al.? used a double lumen pressure 
-. transducer to measure the pressure pulse curve at two points 

—in the ascending aorta. Starting with the Navier-Stokes 
equation, a general equation for hydrodynamic flow, they 
derived the equation AP/Ax = py + av (1), where AP/Ax is 
_ the pressure gradient between the two catheter openings; Ax, 
_ the distance between the openings; p, the blood density; y, the 
acceleration of blood; a, a constant; and v, the blood velocity 
through the aorta. Fry et al. measured AP/Ax, assumed p = 
1.05 g/cm?, obtained the value of a by assuming that flow was 
zero at the end of systole; and by integration of equation (1), 
he was able to derive v, the velocity of blood. In the same year 
Jones et al.? modified the method of Fry et al. so that a single 
 Iumen rather than a double lumen catheter could be used. 

Equation (1) of Fry et al. was modified by Jones et al. as fol- 
lows: dP/dt = pc'y + acv (2), where dP/dt is the first derivative 
of the pressure in the aorta; c, the velocity of the pulse wave; 
and the other terms as defined. 

We have derived a similar equation using a different set of 
-assumptions: dP/dt = pey (3), where c is the pulse wave ve- 
locity; 'y is the acceleration, the derivative of v, the velocity. 

We measure flow by nuclear techniques as the rate of 

„emptying of the ventricle. Flow (F) is related to the velocity 
- (v) of blood through the aortic valve opening by the equation: 
<E = vA, where A is the area of the aortic valve opening. 
.. O'Rourke is correct when he states that, in a sense, our goal 
-is the opposite of that of others in the first half of this century 
_in that we derive pressure from volume as they tried to derive 
_ flow from pressure. However, there are important differences 
_in our theoretical as well as methodologic approaches. Where 
-they used the pressure pulse contour technique, we use the 
ventricular volume curve and a new equation, related to that 
of Fry et al. and not to that of Remington and Hamilton to 
. Which O'Rourke refers. Remington and Hamilton used an 
aortic pressure pulse contour technique in which the pressure 
pulse contour was divided into intervals of 10 ms duration. 
"This technique has not proved successful. 

.. Our approach, being completely different from the pressure 
pulse contour method, does not suffer from the same prob- 





lems. Our method describes the relation between pressure 
pulse, pulse wave velocity and blood velocity. Anything that 
changes one of the three variables alters the others according 
to equation (3). . 

A final point is that we do not question the existence of re- 
flected waves, but many authors! have shown that these do 
not give detectable effects at the aortic opening. 

At present we are trying various ways to measure the pulse 
wave velocity by nuclear techniques. If these are unsuccessful, 
we plan to combine the nuclear measurements of flow with 
Doppler measurements of blood velocity. MacDonald! showed 
that the mean blood velocity (v), the velocity of the pulse wave 
(c), and the cross-sectional area (À) of the vessel are related 
together in the following equation V/c = AA/A. Knowledge of 
blood velocity (Doppler) and flow (nuclear techniques) would 
make possible the calculation of the velocity of the pulse 
wave. 

Michel Bourguignon, MD 

Henry N. Wagner, Jr., MD 

Division of Nuclear Medicine 

The Johns Hopkins Medical Institutions 
Baltimore, Maryland 
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SITE AND FREQUENCY OF INFECTION IN 
PORCINE VALVE BIOPROSTHESES 


Ferrans et al.! presented ultrastructural observations in four 
infected bioprosthetic valves removed 6 days to 28 months 
after implantation; the thin layer of fibrin demonstrated on 
the bioprosthetic cusps was predicted to be material of high 
infective potential. The glutaraldehyde-stabilized porcine 
valve heterografts are certainly denuded of endothelium after 
fixation and, when implanted, are naturally covered with a 
thin layer of fibrin. 

Clinical observations do not agree with this microscopic 
finding. In our own low profile bioprosthesis series (293 cases: 
mitral valve replacement, 114; aortic valve replacement, 83; 
double valve replacement, 26; valve replacement + associated 
procedures, 40), there were 4 cases of prosthetic endocarditis 
(incidence 4 of 293; 1.3 percent) in the follow-up period be- 
tween 1976 and 1979. Of the four patients, two died after mi- 
tral and aortic valve replacement, respectively, and two re- 
covered after aortic valve replacement.23 In contrast, in our 
series with the Bjórk-Shiley prosthesis (220 cases: mitral valve 
replacement, 108; aortic valve replacement, 112) the incidence 
rate of prosthetic endocarditis was 5 percent after aortic valve 
replacement, and 2.68 percent after mitral valve replacement 
in the 5 year follow-up period from 1971 to 1976. 

The small incidence of bioprosthetic endocarditis in the low 
profile bioprosthesis series may be due to the intensive search 
for chronic sepsis foci (specially oral and urinary) before 
surgery. Preparation of the patients for valve replacement is 
carried out by our Cardiological Department. In addition, 
intensive postoperative treatment with a wide spectrum of 
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ibi iotie agents i is provided for about 8 days in patients who 
€ received a prosthetic cardiac valve. 

pS José Antonio Navia, MD, FACC 
Domingo Liotta, MD 

Service of Cardiovascular Surgery 
Italian Hospital 

Buenos Aires, Argentina 
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REPLY 


Navis and Liotta raise two separate, independent questions: 
the site of localization of infection in porcine valve biopros- 
theses and the frequency with which such infections occur. 
-Our conclusion that infection in porcine bioprostheses is ini- 
-tially localized in the cusps is in agreement with the findings 
of Rossiter et al.! in a larger series of patients. Our suggestion 
that the fibrin layer covering the cusps- of the bioprosthesis 
is the initial site of bacterial attachment is in agreement with 
observations made on animals with experimentally induced 
bacterial endocarditis,” i in which interaction between bacteria 
-and fibrin deposits in leaflets of natural valves (denudation 
of valve endothelium by trauma leads to formation of these 
fibrin deposits) has clearly been demonstrated. We have not 
stated that the layer of fibrin is material of “high infective 
potential” and we find no justification for the statement by 
Navia and Liotta that “Clinical observations do not agree with 

: this microscopic finding.” 
- No conclusions as to the actual iticidénce of infection of 
bioprostheses could be derived from our small series of pa- 
‘tients; however, our paper's review of the several published 
-series reveals an average incidence rate of 1.4 percent, which 
is similar to the rate of 1.3 percent reported by Navia and 
.Liotta. More recently, other investigators have reported 
- overall rates of infection of 1.7,? 0.88* and 0.85 percent in pa- 
tients followed up for less than 1 year and 1.3 percent in pa- 
tients followed up for more than 1 year.? The data presented 
by these investigators has not been expressed either in terms 
of patient-year linearized rates or in terms of early (less than 
-2 months) or late (more than 2 months) infection. Because of 
. this, the differences in incidence of infection in these series 
- of patients and in the patients with Bjórk-Shiley and porcine 
` ee | described by Navia and Liotta are difficult to 
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evaluate. Rossiter et al.! reported a significantly greate 
<0.05) incidence of early infection in bioprostheses (6 0 
valves) than in Starr-Edwards prostheses (3 of 35 valves), 
found a comparable overall (early plus late) rate of infect 
and of mortality associated with infection, for these two typ es 
of prosthetic valves. All early infections in bioprostheses ox 
curred in valves implanted in the aortic position. Rossiter. 
al.! reported linearized rates of infection of 2.2 percent an 
0.1 percent for bioprostheses implanted in the aortic and t 
mitral position, respectively. The linearized rates of infectio 
reported by Angell® in Angell-Shiley bioprostheses were 0 
percent for patients with a mitral bioprosthesis, 0.5 perce! 
for patients with an aortic bioprosthesis and 4.4 percent for | 
patients with multiple bioprostheses. Magilligan et al." con- 
sidered porcine valve bioprostheses and mechanical valves to i 
be equally resistant to infection. ux 
Although the discrepancies hetween the linearized rates just d 
cited for patients undergoing single valve replacement by a. 
porcine bioprosthesis are relatively minor, it should be pointed 
out that the rates of infection in prosthetic cardiac valves _ 
depend on numerous factors in addition to the careful pre- 
operative eradication of foci of infection. For example, narcotic. 
addiction was considered a factor contributing to infection of 
the porcine valve bioprostheses in 4 of the 11 patients reported - 
on by Magilligan et.al.’ and in 1 of the 4 patients described in 
our study. 


Victor J. Ferrans, MD, PhD 

Steven W. Boyce 

Margaret E. Billingham, MD 

Thomas L. Spray, MD 

William C. Roberts, MD, FACC 

Pathology Branch p 
National Heart, Lung, and Blood Institute 
National institutes of Health : 
Bethesda, Maryland 

Department of Pathology 

Stanford University 
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às The aim of each program is to increase the. 


= theoretical and practical knowledge of the 


E normal and abnormal function of the cardio- 
. vascular system in man. Most of the programs 
.. are pertinent to direct care of patients with 


. heart disease. The need for such programs _ 


... increases with the ever increasing amount of 


. scientific and clinical data, the constant 


changes in technology and methodology, and 


—. the greater availability of therapeutic options. 


Today most cardiologists, internists and family 
< practitioners feel the need of supplementing 
: their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. | 

| To solve these problems the Committee 
=: selects each year series of carefully super- 





extensive consultations with the Hisl di- 


rectors recruited among the foremost spe- — 


cialists educators and scientists in the field of 
clinical. cardiology and allied basic | Science 


| disciplines. 


Although each program director i is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the Continuing 
Education Committee for Extramural Programs 
assumes the overall responsibility for the 


caliber of the postgraduate education and the 


relevance to the practice of cardiology. This 
is accomplished by the processes of meticu- 
lous scrutiny of the objectives, analysis of the 
educational methods, and studying the impact 
of each course on the knowledge and attitudes 


: of the participants. 


These programs should help each physician 
to keep up with the new knowledge, to put into 


practice the new advances and to retract 


gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 


: peers. The Continuing Education Committee 


for Extramural Programs of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 

Chairman, Continuing Education Committee 

for Extramural Programs 


«Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
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Center, San Francisco, CÀ 

= aly 
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arranged Constant, FACC, director. Buffalo Gen- 
individu- eral Hospital, Buffalo, NY 
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OCT. Can the Natural History of Coronary 

3-5 Artery Disease Be Altered? Recent 
Progress and Future Directions in 
Medical and Surgical Therapy. Richard 
R. Miller, FACC, director and Michael E. 
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Jr., FACC, co-directors. Galleria Plaza, 
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. 6-9 and Self-Assessrpent. Paul L. McHenry, 
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Indianapolis, IN 
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agnosis; Valvular Heart Disease; Hy- 
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E. Epstein, FACC; director: Hyatt Re- 
gency Hotel, Washington, DC 


OCT. Clinical Decisions in Cardiac Surgery. 

23-25 Stanley K: Brockman, FACC, Albert N. 
Brest, FACC and William S. Franki: 
FACC, directors: Fairmont Hotel, Phila- 
delphia, PA 


OCT. Fourth Annual. Seminär. Cardiology 


30- Update 1980: Wiliam W: Parmley, 

NOV. FACC, director. Del Monte Hyatt House, 

1 Monterey, CA 

NOV. Cardiac Pacing. Doris J. W. Escher, 

5-7 FACC and Seymour Furman, FACC, di- 
rectors. The New York Hilton, New York, 
NY 


NOV. Advances in Heart Disease 1981. Dean 


29- T. Mason, FACC, director. Fairmont. 
DEC. Hotei, San Francisco, GA. 
1 


DEC. Two-Dimensional ioien dogi: 
4-6 vs. Cardiac Nuclear Imaging. Joel 


Morganroth, FACC, director and Leonard 
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S. Dreifus, FACC and Gerald M. Pohost, 
FACC, co-directors. The Franklin Plaza 
Hotel, Philadelphia, PA 


DEC. Coronary, Hypertensive, Valvular and 
7-10 Myocardial Heart Diseases: The 
Multi-Disciplinary Approach. William C. 
Roberts, FACC, director. Williamsburg 
Conference Center, Williamsburg. VA 


DEC. Cardiovascular Disease: Achievements 

12-14 and Challenges 1980. Henry |. Russek, 
FACC, director, Sheraton Centre, New 
York, NY 





ER: PROGRAM CALENDAR 


ican College of f Cardiology s Learning Center is located at For additional information o or a complete program calendar, con 
e's. headquarters i in Bethesda, . Maryland. The purpose of the Program Registrar, Heart House Learning Center, American | 

f iter i is to support professional commitment to quality patient of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland? 200 
siding s a standard of excellence in continuing medical edu- Telephone (301) 897-5400. 





Of CTOBER THROUGH DECEMBER 1 980 


"Program D Director Tile ot Program 





i Oct. 8-10 William w. Parmley, MD Update in Noninvasive Procedures for the Evaluation of Cardiac Disorders 
Oct. 15- 17. | Arthur D. Hagen. MD Update in Cardiovascular Techniques and Principles for the Technologist 


v 4 o. 20-21 | Joseph K Perloff MD and Functional Anatomy ot Heart Disease: ‘Clinician and Pathologist 
E William C. Roberts, MD 


: oe 29-31. c Robert S. Eliot, MD Clinical Cardiology: impact of Behavior, Lifestyle and Emotional Stress 
















30th ANNUAL SCIENTIFIC SESSION 
< AMERICAN COLLEGE OF CARDIOLOGY 


San Francios, California March 15-19, 1981 | 






* Technical Exhibits 
Deadline for requests for space: : October 6, 1980 






ex Scientific Exhibits - 
- Deadline for requests for space: October 6, 1980 


* Young Investigators" Awards Competition 
Entries must be Ee no later than. November 3, 1980 - 


oa SI For application fornia, write Sara Eliott, Director, Annual Scientific Session Department, , Americ in College of Car 
bo ovn Heart House, | 2t Old Georgetown Road, Bethesda, Maryland 20014. MD D LM 
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AMERICAN COLLEGE OF CARDIOLOGY - 


Announces ... 
AFFILIATE IN TRAINING MEMBERSHIP 


For Physicians in Cardiovascular Related Training Programs 


Candidates for this mathiberstip category must be current full-time trainees in a recognized 
cardiovascular (adult, pediatric, surgical) related program in fulfillment of requirements for ad- 
mission to a subspecialty board examination which holds membership in the American Board 
of Medical Specialties. Upon completion of training and i in order to maintain an affiliation with 
the College, the members are encouraged to apply to the Credentials Committee for status as 
an Associate Fellow or regular Affiliate. : 


The application for Affiliate in Training must be signed bj the Director of the applicant's training 
program and two sponsors, both of whom must be Fellows. of the College. One of the sponsors 
may be the Director of the training program, provided he is a Fellow of the College. The annual 
dues for an Affiliate in Training are $25.00. : 


4. 
5. 


Advantages to the Affiliate in Training 


: Subscription to The American Journal of Cardiology, the official journal of the 


College. 


. Reduced fees for all educational programs of the College. 


. Preference for enroliment in programs sponsored by the d with a limited 


registration. 
Receipt of the quarterly publication Cardiology, the newsletter of the. College. 


Participation in all affairs of the College as a member rather than as a guest of 


the College. 


Those desiring an application. form should write to Director, Membership Department, 
American Coge of RE 9111 Old ! Georgetown f Road, «Bethesda, eae 20014. 
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How to keep a close watch with your back turned. 


Machines don't save lives, 
people do. And our Lifepak® 6 
defibrillator/monitor is conceived 
and built with one goal in mind— 
to help you deal successfully with 
Critical cardiac emergency. 

It functions as your partner. 
It watches constantly, unblinkingly. 
It feeds you information visibly on 
the digital rate meter, on the scope 
and on the recorder. It audibly tells 
you what s happening through the 
QRS beeper and high and low rate 
alarms. If there's trouble —fib- 
rillation — you hear about it the 
moment it happens. And the 
Lifepak 6 is ready to help you deal 
with it. Large, color-coded function 
buttons. Clear instructions. Simple 
controls. 

You see, no other company in 
the world has had more experience 
with emergency defibrillation. And 
being as close to the field as we 
are, we havethe keenest possible 
appreciation for the situation in 
which our devices are employed. 
Machines don't save lives, people 
do. And people dealing with car- 
diac emergencies need all the help 
they can get. That's why the design 
of our machines, the engineering 
of our machines, and the servicing 
of our machines is absolutely the 
finest. Count on it. 


Only Physio-Control 
makes the Lifepak? 








Physio-Control is the world leader in acute cardiac care systems. 11811 Willows Road, Redmond, Washington 98052 
(206) 881-4000/U.S. Telex: 320268, International Telex: 320166. Lifepak and Physio-Control are registered trademarks. 


CONGESTIVE HEART 

FAILURE: 

NO TIME TO INTRODUCI 
VARIABLES. 
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BRAND OF 


Both digitalis and diuretics are almost 
always used in congestive heart failure. 


But both can cause serious cardiac arrhyth- 


mias.’ Digitalis, because digitalization 


-4s one of the most precarious titrations in 
all of medicine. And diuretics, because 
v diuretic-induced hypokalemia increases 

the vulnerability to digitalis toxicity." 
— See warnings and precautions in the brief 

- summary of product information on the 


next page. 


-In serious congestive heart failure, 


the diuretic most frequently administered 


with digitalis is LAsrx® brand of furosemide. 
However, the bioavailability of furosemide 


-may be significantly altered by a change in 


tablet disintegrants and/or excipients. ^^ 
And variations in the bioavailability of 


: unito anise furosemide tablets 


have produced unpredictable and serious 
clinical effects.” 


Therefore, once the patient is stabi- 
lized on digitalis and LAstx®*, changes in 
his cardiac regimen should be minimized. 





LASIX*—the diuretic with the best record 
of success in all degrees of congestive heart 
failure. 


LASIX® is the original brand of 
furosemide. It is LAsix* that established 
the standard for furosemide performance. 
It is LASIX® that is the subject of almost 
6,000 published papers. It is LASIx® that 
has been used suecesstuly in millions of 
digitalized patients over the past 14 years. 
And it is LAsIxX* that has a remarkable 
quality-control record—almost 8 billion 
tablets manufactured without a single 
product recall. 


LASIX* tablets are available in 
a dosage strength to meet almost every 
patient need— 20, 40 and 80 mg.. 


Before prescribing, please consult complete product 
information, a summary of which appears.on the 
following page. : : 


^W HOECHST-ROUSSEL 
EM PHARMACEUTICALS INCORPORATED 
SOMERVILLE, NEW JERSEY 08876 





WBE Oy VD M, 


References: 1. Moe GK, Farah AE: Digitalis and allied cardiac glycosides, in Goodman LS and Gilman A (eds): The Pharmacological 
Basis of Therapeutics; ed 5. New York, Macmillan Publishing Co, 1970, pp 653-682. 2. Smith TW: Digitalis: lons, inotropy and toxicity, 
editorial. N: Engl. J. Med. 299:545, 1978, 3. Rubinstein MH, Eastwood BA, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, 
LK. The effect of lubricant type and concentration on the bioavailability of furosemide from 80 mg tablets: J: Pharm. Pharmacol. 36 
(suppl. ZP. Dee: 1978, 4. Rubinstein MH, Price EF, School of Pharmacy, Liverpool Polytechnic, Liverpool L33AF, U.K.: In vivo: oi 
evaluation of the effect of five disintegrants on the bioavailability of furosemide from 40 mg tablets: d. Pharm. Pharinacol 29 — .. 

(Suppl. x5P Dec, 1977. 5. Rubinstein MH, Rughani JM, School of Pharmacy, Liverpool Polytechnic, Byrom Street, Liverpool L3 SAF, 

V. K.: The effect of four tablet binders on the bioavailability of furosemide from 40 mg tablets: Drug Development and Industria 
Pharmacy 46 54L563 (G78). 6; HEW News, publication 79-6, U.S. Department of Health, Education and Welfare (Food and Drag 


Administration), March 30, 1979, pp 2-3. 


R Specify LASIX* brand of furosemide. To be sure the 

x patient receives only LASIXS, take the steps necessary 

* on your prescription to prevent substitution, in accor- 
dance with the regulations of your state. 
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FUROSEMIDE 
ONE LESS VARIABLE IN. 
THE DIGITALIZED PATIENT 













- LaSIX® (rosemide) e 
^ brief summary of the Prescribing Information for Lasix 
(furosemide). Tablets 20; 40 and BO mg. oe 


WARNING: Losix (furosemide) is a potent diuretic which, it : x 


given in excessive amounts, can lead to a profound diuresis 
with water and electrolyte depletion. Therefore, coreful med- 


- . ical supervision is required, ond dose and dose schedule 


. haveto ba adjusted to the individual patiens needs. 


INDICATIONS: Edema associated with congestive heart failure, - 


cirrhosis of the liver, and renal disease, including the nephrotic 
Syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs: patients not adequately con- 
ttolled with thiazides also probably will not be adequately con- 
trolled with furosemide aione. 

CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide moy cause fetal abnormalities, 
the drug is contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume, with circulatory collapse and with 
ihe possibility of vascular thrombosis and embolism, particu- 
larly in elderly patients, Excessive loss of potassium in patients 
receiving digitalis glycosides may precipitate digitalis toxicity. 
Exercise core in patients receiving potassium-depieti 

Steroids. Perform frequent serum electrolyte, CO, and BUN de- 
terminations during first few months of therapy and periodically 
thereafter; and correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with hepatic cirrhosis and 
ascites is best carried out in the hospital. Closely observe ci- 


5. thotic patients for sudden fluid and electrolyte imbalances that 


“fay precipitate hepatic como. Supplemental potassium 
uv, Chloride and, if required, an aidasterone antagonist ore heiptul 
-< preventing hypokalemia ond metabolic alkalosis. Discon- 
tinue furosemide if increasing azotemio and olíguria occur dur- 


-ing heatment of severe, progressive renal disease. Observe 


-. patients regularly for possible blood dyscrasias, liver damage, 


za proher idiosyncratic reactions, Patients with known sul- 
= fonamide sensitivity may show allergic reactions. Furosemide 


“My potentiate the therapeutic effect of other antihypertensive 
“agents. Potentiation occurs with ganglionic or peripheral ad- 
:.-fenergic blocking drugs. Exacerbation or activation of systemic 
^. lupus erythematosus may occur. Furosemide appears in breast 
Mik. use of the drug is essential, the patient should stop 
nursing. Cases of tinnitus and reversible hearing impairment 

-; have been reported. 
“os There have also been some reports of cases in which irrevers- 

- ible hearing impairment occurred. Usually ofotoxicity has been 
reported when furosemide was injected rapidly in patients with 
Severe impairment of rendi function at doses exceeding several 
times the usual recommended dose and in whom other drugs 
known fo be ototoxic were given. If tha physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. 
(For adults, an infusion rate not exceeding 4 mg furosemide 
per minute has been used.) 

PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
"ion moy occur, especially in patients receiving higher doses 
Ond a restricted salt intake. Patients receiving furosemide 
should be observed for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatramia, hypochloremic atkalosis, 
and hypokalemia. Serum and urine electrolyte determinations 
are particularly important when the patient is vomiting exces- 
Sively or receiving parenteral fluids. Medication such as digi- 

- tatis may also influence serum electrolytes. Hypokalemia may 
i: develop with furosemide as with any other potent diuretic, 
especially with brisk diuresis, when cirrhosis is present, or 
: during concomitant use of corticosteroids or ACTH. Interference 
with adequate orat electrolyte intake will also contribute to 
hypokalemia. Digitalis may exaggerate metabolic effects of 
hypokalemia, especially with reference to myocardial activity. 
Asymptomatic hyperuricemia can occur and gout moy rarely be 
precipitated. Increases in blood glucose and alterations in giu- 
cose tolerance tests with abnormalities of the fosfing and two- 
hour postprandial sugor have been observed, and rore cases of 
precipitation of diabetes meltifus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of fetony 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN may be seen. These 
have been observed in association with dehydration, which 
shouid be avoided, particularly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
_ tion with furosemide may experience salicylate toxicity ot lower 
~. doses because of competitive renal excretory sites, Furosemide 
has a tendency fo antagonize the effects of tubocurarine and 
may potentiate the action of succinylcholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity. Diuretics such 


as furosemide may enhance the nephrotoxicity of cephaloridine. 


"i Therefore, furosemide and cephaloridine should not be od- 
ministered simultaneously Furosemide may decrease arterial 

_ fesponsiveness fo norepinephrine. This diminution is not suffi- 
». Client to preciude effectiveness of the pressor agent for therapeu- 


ic use. 

has been reported in the literature that coadministration of 

ndomethacin may reduce the natriuretic and antihypertensive 

fects of Lasix (furosemide) in some patients, This effect has 

been attributed to inhibition of prostaglandin synthesis by in- 

domethacin. Indomethacin may also affect plasmo renin levels 

ind atdosterone excretion: this should be borne in mind when 

tenin profile is evaluated in hypertensive patients. Patients 

eceiving both indomethacin and Lasix (furosemide) should be 

“observed closely to determine if the desired diuretic and/or 
deer cee effect of Lasix (furosemide) is achieved. 

ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 

-x fused, vomiting, cramping, diarrhea, constipation, jaundice 

- : éintrahepatic jaundice). pancreotitis, dizziness, vertigo, pares- 

x: fhesias, headache, xanthopsia, blurred vision, tinnitus and 

-- hearing loss, anemia, leukopenia, agranulocytosis (rare), 

“thrombocytopenia, aplastic anemio (rare), purpura, pholosan- 
Sifivity, rash, urticaria, necrotizing angiitis (vasculitis. cutone- 
„OUS vasculitis), exfoliative dermatitis, erythema multiforme, 

. pruritus. Orthostotic hypotension may occur and may be exag- 

- gerated by alcohol, barbiturates, or narcotics. Other adverse 

.' feactions include hyperglycernia, glycosuria, hyperuricemia, 

< Muscle spasm, weakness, restiessness, urinary bladder 

spasm, thrombophiebitis, 

‘Pa HOECHST-ROUSSEL 

is y PHARMACEUTICALS INCORPORATED 


5 SOMERVILLE, NEW JERSEY oaare 
PS CR G5$1960-350 












i 





Nuclear Medicine 


' Current Methodology and Practice 


A "Seminars in Nuclear Medicine" Reprint 
Edited by LEONARD M. FREEMAN, M.D. and 


.. M. DONALD BLAUFOX, M.D.,Ph.D. 


CONTENTS: Letters From the Editors. Cardiovascular 
Nuclear Medicine: An Overview, R. N. Pierson, Jr. et 
dl. Radiopharmaceuticals in Cardiovascular Nuclear 
Medicine, L. R. Chervu. Instrumentation and Data 
Processing in Cardiovascular Nuclear Medicine: Evalu- 
ation of Ventricular Function, 5$. L. Bachrach et al. 
First-Pass Radionuclide Assessment of Right and Left 
Ventricular Performance in Patients With Cardiac and 
Pulmonary Disease, H. J. Berger et al, Of Linens and 
Laces—The Eighth Anniversary of the Gated Blood 
Pool Scan, H. W. Strauss et al. Radionuclide Evalua- 
tion of Left Ventricular Function With Nonimaging 
Probes, J. P. Wexler and M. D. Blaufox. Gamut: Focal 
Splenic Defect, E. E. Kin. Measurement of Wall Mo- 
tion, Problems and Advantages, R. E. Henkin. Xenon 
Studies of Myocardial Blood Flow, A. Maseri. Detec- 
tion and Quantitation of Intra Cardiac Shunts with 
Routinely Available Radionuclides, $. Treves. Shunt 
Detection with Short-Lived Radioactive Gases, D. Wat- 
son, Physiologic Considerations in Myocardial Imaging 
with Thallium 201, G. Pohost. Physiologic Considera- 
tions in Myocardial Imaging with Infarct. Avid Agents, 
J. T. Willerson. Complementary Role of Cardiac Ultra- 
sound and Nuclear Medicine Procedures, S. F, Horowitz 
et al. The Role of Thallium-201 in the Evaluation of 
Ischemic Heart Disease. J. Leppo. Vhallium-201 for the 
Evaluation of Acute Myocardial Infarction, F. Wackers. 
Quantitative Approaches to Myocardial Perfusion Imag- 
ing. R. Vogel and D. Kirsch. Inter and Intra Observer 
Performance in the Interpretation of ‘Thallium Images, 
E. Botvinick. Current. Status of Infarct Avid Imaging, 
K. Lyons. Radionuclide Evaluation of Cardiac Trauma, 
R. Parkey. Intracoronary Radiolabeled Particle Scan- 
ning, J. Olsen und M. Tetalman. 

1980, 304 pp., $37.50 ISBN: 0-8089.1292.5 791 3-92 


A Guide to Cardiac 
Dysrhythmias in Children 


By ARTHUR GARSON, JR. M.D., 

PAUL C. GILLETTE, M.D., and 

DAN G. MCNAMARA, M.D. 

A Clinical Cardiology Monograph 

FROM THE PREFACE: This guide contains the most 

common disturbances of heart rate, rhythm, and im- 

pulse conduction in children. It is intended to serve as 

a quick reference to specific dysrhythmias rather than 

as a complete textbook of pediatric electrocardiography. 

SECTION HEADINGS: Systematic Interpretation of 

Cardiac Dysrhythmias in Children. Sinus Rhythm. Dis- 

turbances of Cardiac Rate and Rhythm. Disturbances 

of Cardiac Conduction, Artificial Pacemakers. 

1980, 208 pp., 100 illus., $19.50 ISBN: dco idolo 
15-20 


GRUNE & STRATTON 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NWI 7DX 
Please send me the following: 
— .JFreeman/ Blaufox: Cardiovascular Nuclear Medicine, 
$37.50, 7913.92 , oe 
— —Garson et al: A Guide To Cardiac Dysrhythmias in 
Children, $/9,50. 7915-20 
-— Continuation Order for Clinical Cardiology Monographs 
Please check one box: 
D Payment enclosed (Free postage and handling. Add appli- 
cable sales tax.) " 
L1 Visa [] MasterCard” [] American Express 
H Diner's Club 
Charge Card No. 
Expiration Date: Month... Y ear 
*For MasterCard include the numbers that appear above 
your name. o eiie 
Your signature aL 
On prepaid orders, payment will be refunded for titles on 
which shipment is not possible within 120 days. Prices are 
in U.S, dollars and subject to change without notice. 


CIEXISIATEFZIP Ru n o rote a macto 
(] Please check if you are a Grune & Stratton or Academic 


Press Author. Direct all orders to Georgia Phillips, Media 
Dept. AJC/10/80 


















“The all new 15th Edition of MODERN DRUG ENCY- 
: - CLOPEDIA is written especially for the practitioner who 
-needs complete, Obiective information on prescription 
- drugs. 


n An independent team of pharmacists and physicians 
* has researched and edited all the facts on 3,000 prescrip- 

i tion drugs. It passes this research on to you in an easy to 
absorb style that's perfectly suited to the tight schedule of 
ca time pressed practitioner. 


Some handbooks just reprint manufacturers’ package 
- inserts. They don't edit. Just print material manufacturer 
- pays to have included. 


—. Here's what careful planning does for 
. MODERN DRUG ENCYCLOPEDIA: 
* limits entries to prescription drugs. You don't waste 
time flipping through pages of extraneous drugs. 
* lists over 3,000 pharmaceuticals, biologicals, and aller- 
.. gens in one a-z sequence. 
-$ arranges entries by generic name, All brand names in 
one place. 
Ww . written in concise language for quick comprehension 
-$ designed with a "strong focus" layout, easy-to-read 
— type, and bold subject headings. 


Yorke Medical Books 
666 FIFTH AVENUE 
NEW YORK, N.Y. 10103 


"Nic send me a copy of the all-new 15th Edition of MODERN 
- DRUG ENCYCLOPEDIA and enter my two year free subscription 
o to the Periodic Updating Service. If this new edition is the best 
-drug information reference for practitioners available, | will remit 
$38.95, plus shipping. Otherwise, | will return it within 30 days 
. and owe nothing. 
















If it's not M OE IN 








, you can't © 


MODERN DRUG ENCYCLOPEDIA : 
and Therapeutic index 15th Edition | 


Arthur J. Lewis, MD, Editor 

Gertrude Dittus Gonzales, R.Ph., B.S., Pharm., 
Executive Editor COLS 

Charles L. Winek, Ph.D., Contributing Editor. = = 


The 1,000 page main section arranges c over (3 000 dias : 
alphabetically by generic name. Each entry covers vital | 
facts about brand. names and each manufacturer that : 
markets their own brand. : 


Three a-z indexes provide instant access to all the ma- 
terial found in the main secton as follows: | 
* GENERAL INDEX of all brand generic names in handy : 
alphabetic sequence. : 
e THERAPEUTIC INDEX of which drugs are prescribed for 
which purpose. Allows you a wide selection of therapy 
based on your patient's special needs. 

* MANUFACTURERS INDEX of names and addresses and. 
product names. Helps you identify the drug when you : 
only know the manufacturer's name. 


And, our Free Updating Service informs you of 
changes in specifications and introduces new drugs. 
These periodic supplements adopt the same easy-to-read | 
format of the basic volume. You receive them free of 
charge until the publication of the next (16th) Edition. 


Try using MODERN DRUG ENCYCLOPEDIA for 30 
days at our risk. Then keep it only if you're convinced that 
it answers a practitioner's need for concise, easy to read 
information on prescription drugs. 


l AJC 10/80 
C] tam enclosing $38.95 now as full payment. 
Publisher pays shipping. Same return guarantee 
CI Charge my credit card: LJ Master Card ut Visa. 
Cart E 9 a enc LEE LEE Expire. date 





NAME 


——Á GE 


3 
4 
| 
ef 
"d 
4d 
E 


ADDRESS.. 


ETE 








CITY STATE WW ZIP 
New York residents add mee sales tax. Available outside — 
Western Hemisphere at $44.00 per PPY: 
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only logical... but it took the leader to do it. 
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(potassium chloride 
or oral solution 


20 mEq (1.5 g. KCI) 





Blood flowmeter system for 
cardiovascular, vascular and 
thoracic surgical applications. Prescribing information 

















DESCRIPTION: 

, a Spray-dried tomato powder containing 20 mEq potassium (equivalent to 
CLINIFLOW is designed specifically for a variety 15 d KCI) per 6 grams powder (one dose) with natural and synthetic 
of clinical applications where patient safety and favors, spices and colors. Benzoic acid and potassium benzoate 

E added as preservatives. When reconstituted as directed, makes a 
simplicity of operation are of paramount pleasantly flavored, low sodium tomato juice drink. Each daily dose (2 

importance. packets) contains less than 10 mg. sodium. 

i ; l INDICATIONS: 

The system is available with a two-channel The prevention or correction of potassium deficit, particularly when 
recorder for simultaneous measurement of accompanied by hypochloremic alkalosis in conjunction with thiazide 
£ diuretic therapy, in digitalis intoxication, or as the result of long-term 
pulsatile and mean flow. corticosteroid therapy, low dietary intake of potassium, or excessive 


CME also offers the industry's widest variety xou. Lio oa MM 
CONTRAINDICATIONS: 
of pre-calibrated blood flow probes. Potassium is contraindicated in severe renal impairment involving 
CME .. firstin flowmetry. oliguria, anuria or azotemia; in untreated Addison's disease, familial 


periodic paralysis, acute dehydration, heat cramps. hyperkalemia from 
any cause. Potassium chloride should not be employed in patients 
receiving potassium-sparing agents such as aldosterone antagonists 
and triamterene. 


PRECAUTIONS: 

KATO is a concentrate and should be taken only after reconstituting with 
water as directed. This preparation, like other potassium supplements, 
must be properly diluted to avoid the possibility of gastrointestinal irrita- 
tion. Do not use in patients with low urinary output or renal decompensa- 
tion. Administer with caution; it is impossible to assess accurately the 
daily dose required. Excessive dosage may result in potassium intoxica- 
tion. Frequent checks of the clinical status of the patient, ECG and/or 
plasma potassium level should be made. High plasma concentrations of 
potassium ion may cause death through cardiac depression, ar- 
rhythmias or arrest. Use with caution in patients with cardiac disease. 


ADVERSE REACTIONS: 

Vomiting, diarrhea, nausea, and abdominal discomfort may occur. 
Gross overdosage may produce signs and symptoms of potassium 
intoxication: mental confusion, listlessness, paresthesia of the ex- 
tremities, weakness and heaviness of legs, flaccid paralysis, hyper- 
kalemia, ECG abnormalities, fall in blood pressure, cardiac arrhythmias 
and heart block. The characteristic changes in the ECG are dis- 
appearance of the P wave, widening and slurring of QRS complex, 
changes of the S-T segment, tall peaked T waves, etc. 


TOXICITY: 

Potassium intoxication may result from overdosage of potassium or from 
therapeutic dosage in conditions stated under "Contraindications " 
Hyperkalemia, when detected, must be treated immediately because 
lethal levels càn be reached in a few hours. 


rernm ae TREATMENY OF HYPERKALEMIA: 

feet ud 1. Dextrose solution 10% or 25% containing 10 units of crystalline insulin 
per 20 9. dextrose, given I. V. in a dose of 300cc to 500cc in an hour. 2. 
Adsorption and exchange of potassium using sodium or ammonium 
cycle cation exchange resin, orally or as retention enema. 3. 
Hemodialysis or. peritoneal dialysis. 4, Elimination of potassium- 
containing foods and medicaments. Warning: Digitalis toxicity can be 
precipitated by lowering the plasma potassium concentration too 
rapidly in digitalized patients. 

ADMINISTRATION AND DOSAGE: 

Mix with water to make a pleasant tomato juice drink. £ach 6 gram unit 
dose packet provides 20 mEq of potassium. Usual adult dose—1 packet 
of KATO mixed with about 2 ounces of water twice daily —supplies 40 
mEq potassium per day. Take with meals or follow with 4 giass of water. 
Larger doses may be required, but should be administered under close 
supervision because of the possibility of potassium intoxication. 

HOW SUPPLIED: 

Cartons of 30 and 120 6 gram unit dose packets, 20 mEq each. 
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en VE. 1-79 
2 YEAR y 


CAROLINA MEDICAL 
ELECTRONICS, INC. 


P. O. BOX 307, KING, N. C. 27021 USA 
TELEPHONE (919) 983-5132 
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Trying to smother the taste of 
potassium with sweet fruit flavorings 
never seems to work very well. It's 
like pouring salt straight into your 
orange juice—and just about as un- 
drinkable for many patients. That’s 
when a matter of taste becomes 
a problem of compliance. 

KATO® (potassium chloride for 
oral solution) has the right kind of 
taste, the fresh tomato tang that 


Le 


saltiness of potassium chloride. 

It provides the potassium salt of 
choice—the chloride—as a 
powder that mixes quickly with 
water, for the liquid dosage form 
preferred for safety. Each 
easy-to-use packet contains 
20 mEq potassium chloride, with 
less than 5 mg sodium. 

Offer your patients the tangy 
taste of KATO—the fruitless 


KATO 


(potassium chloride 
for oral SOIULION) 20 mea «s a «c: 


Potassium with the tang of tomato. 
rj SYNTEX 
Scares PUERTO RICO. INC 


apina PUERTO RICO 00661 





Now in book form.. 


Each of the 23 lectures is presented in a workbook 
format for easy reading and quick comprehension. 


1. Cardiology, I: Applications of Anticoagulation; Cor- 
onary Artery Bypass Surgery; Valvular Heart Disease 

2. Cardiology, ll: Congenital Heart Disease in Adults, 
Parti 

3. Cardiology, Ill: Congenital Heart Disease in Adults 
Part ll 

4. Hematology: Hemostasis Made Easy 

5. Gastroenterology, I: Cricoesophageal Achalasia and 
Gastroesophageal Reflux 


6. Gastroenterology, Il: Pharmacology of Acid Peptic 
Disease Therapy 
7. Genetics, |: Basic Genetics 
8. Genetics, Il: Chromosomal Abnormalities 
9. Genetics, Ill: Clinical Genetics 
10. Gynecology, |: New Diagnostic Procedures and 
Therapy 


11. Gynecology, il: New Diagnostic Procedures 

12. Obstetrics: Prenatal Diagnosis of Genetic Diseases 
and Abnormalities 

13. infectious Diseases, I: Antimicrobial Therapy 

14. infectious Diseases, Il: Virology 

15. Nephrology, |: Renal Glomerular Disease 


16. Nephrology: ll: Management of Chronic Renal Failure 

17. Ophthalmology, i: Progress in Ophthamology 

18. Ophthalmology, H: Diabetic Retinopathy Vitrectomy 
Study 

19. Psychopharmacology, I: Antipyschotic Drugs and 
Minor Tranquilizers 

20.Psychopharmacology, Il: Antidepressant Drugs 

21. Pulmonary Medicine: Recent Advances 

22. Rheumatology: Recent Advances 

23.Calcium Metabolism: Disorders of Calcium 
Metabolism 
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.the latest Update Your Medicine lectures 


Helps you keep up with the new 
advances in your specialty in 
the comfort of your home or office. 





All new material — specialties expanded. 


The workbook format of CORNELL MEDICAL UPDATE/2 
breaks medical publishing traditions by giving practitioners a 
quick overview of the latest advances in their specialty. it 
transcribes the Update Your Medicine lectures sponsored 
by New York Hospital-Cornell Medical Center. These lectures 
are well-known for helping physicians prepare for Recertifica- 
tion despite the demands of a heavy practice. 

The new approach of the first volume was so well-received 
that it went through three printings in less than two years, Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 
where the first volume left off. It has been specially designed 
for the practicing physician who has difficulty keeping up with 
the growing literature of the field. Each chapter transcribes 
one of the lectures and covers a specific speciality in-depth 
from basic physiologic and chemical principles to its clinical 
applications, 

Lila A. Wallis, MD, FACP, the series editor, has eliminated 

ail the filler material a continuing education does not need. You 
won't find historical reviews or a rehash of material you've 
known since medical school. You will find the practical, life- 
saving knowledge a dynamic practice depends on. Because the 
lectures have been edited for easy reading and laid out for 
quick comprehension, you'll be able to incorporate all the 
material into your own professional technique. 

Earn 25 Credits Towards AMA Physician's Recognition 
Award. CORNELL MEDICAL UPDATE/2 has been approved for 
Category 1 credit towards the AMA's Physician's Recognition 
Award for Continuing Medical Education, Full details on how 
to apply for credit are included with every copy. 


DAR ME O E AN NE KOE ie ee ee Mor MONMANE iE 


Yorke Medical Books, 666 Fifth Avenue, New York, N.Y, 10103 


Please send me a copy of CORNELL MEDICAL UPDATE/2 at 
$38.00 a copy. | may use the book for 30 days and if not com- 
pletely satisfied, return it for full refund or credit. 

AJC 10/80 


i L] Bill me plus cost of shipping. 

| [] Payment enclosed, publisher pays shipping. 

L] Charge my credit card: ("| MasterCard [0] Visa. 

j CUING paie ats i Oo earn a, .. Expire Date... 1. 
i 


New York residents add applicable sales tax. Countries outside 
Western Hemisphere add $5.00 per copy. 


Name RARE 


Address... 
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ECHOCARDIOGRAPHY, 3rd ed. 


- By HARVEY FEIGENBAUM, M.D... Indiana 
__ University School of Medicine, Indianapolis 
_ This book by Doctor Harvey Feigenbaum 
-has been the principle: authoritative book 
in the field since publication of the first 


edition. This new Third Edition maintains. 


_ and improves on that status. It represents 
-a definitive thorough discussion of instru- 
< mentation, technical aspects of application, 
- and future trends by a pioneer in the field. 
Major coverage of. two-dimensional 
. echocardiography i is now featured in this 


. third edition. Discussion of this relatively. 


. new technique represents a major part of 
: the text and is the principle reason for the 


increase in size. About 700 pp. (7 X 10). 
732 illus. (2 in color), 1980, Ready Soon... 


| CARDIAC CATHETERIZATION 
_ AND ANGIOGRAPHY, 2nd ed. 


e Edited and with contribiaians by WILLIAM 
_ GROSSMAN, M.D., Peter Bent Brigham 
. Hospital, Boston, Massachusetts. (24. Con- 
- tributors). This new edition provides an 
authoritative . and completely up-to-date 
- summary of the major techniques currently 
. employed in cardiac catheterization and 


angiography. New chapters in this second - 
- edition discuss underlying principles for. 
- proper Operation and utilization of radio- — 
.logic and cineangiographic equipment, — 





- complications a of cardiac catheterization, 
-. therapeutic uses of the cat 


edition “Magnificent.” — The American 


| eda S. WASHINGTON SQ. 
_ PHILA, PA. 19106 . 








eter and special 
E diagnostic techniques. Review of previous | 


a E it this list of books! 


Journal of Cardiology. 427 pp. (7 X 10), 
illus., 1980, $34.50. 


PROGRESS IN CARDIOLOGY. 9 


Edited by PAUL N. YU, M.D., University of 
Rochester School of Medicine and Den- 
tistry, Rochester, New York; and JOHN F. 
GOODWIN, M.D., Royal Postgraduate 
Medical School, London, England. (11 
Contributors). Partial Contents: Primary 
Prevention of Coronary Heart Disease: An 
Appraisal of Clinical Trials of Reducing 
Raised Plasma Cholesterol; Management of 
the Late Phase of Acute Myocardial In- 
farction; The Prevention and Treatment of 
Infective Endocarditis; Axial Tomography 
of the Heart; Variations in the Practice of 
Cardiology: Some Problems Encountered 
in India. About 250 pp. (7 X 10), ilus., 
1980, Ready Soon. 


CARDIAC REHABILITATION, 
ADULT FITNESS AND 
EXERCISE. TESTING 


By PHILIP K. WILSON, Ed.D., La Crosse Ex- 
ercise Program, University of Wisconsin, La 
Crosse; PAUL S. FARDY, Ph.D., St. Cath- 
erine Hospital, East Chicago, Indiana; and 
VICTOR F. FROELICHER, M.D., University 


. of California, San Diego. ^ book that has 


been long-needed in the field, this text 


. provides extensive coverage of all aspects 
of cardiac rehabilitation and adult fitness 
= programs, with an additional emphasis 


placed upon the theory, procedures, and 


techniques of exercise testing. About 400 7 


pp. illus., 1980, Ready Soon. 


CARDIAC EMERGENCY CARE, 
2nd ed. 


Edited and with contributions by EDWARD 
K. CHUNG, M.D., Jefferson Medical Cot- 
lege of Thomas Jefferson University, Phil- 
adelphia, Pennsylvania. (22 Contributors). 
Busy primary care physicians, house offi- 
cers, critical care nurses and others will 
appreciate the new format and quick and 
easy access to information provided in this 
Second Edition. Three new chapters deal- 
ing with sick sinus syndrome and brady- 
tachyarrhythmia syndrome, nursing aspects 
of cardiac emergency care, and radiological 






diagnosis in cardiopulmonary emergenci 
are included. 475 pp., ius.. tables, TH 
$25.00. 


GUIDELINES FOR GRADED 
EXERCISE TESTING AND 
EXERCISE PRESCRIPTION, 2nd ed. 


Edited by the AMERICAN COLLEGE € 
SPORTS MEDICINE, Madison, Wiscons 
Prepared by the Task Force of the Po. 
graduate. Education Committee. Wi 
particular attention to programs which à 
safe, well-organized, and philosophica 
sound, this new Second Edition sets for 
a rationale for the establishment of effe 
tive and efficient graded exercise testir 
exercise prescription; and exercise pr 
grams for asymptomatic subjects of 
ages, as well as patients with cardiovascu 
and respiratory disease. 757 pp., tabh 
paperback, 1980, Ready Soon. 


INTERPRETATION OF COMPLEX 
ARRHYTHMIAS 


By ALFRED PICK, M.D., and RICHAF 
LANGENDORE, M.D., both of the Cardi 
vascular Institute of Michael Reese Hospi 
and Medical Center, and Pritzker School 
Medicine, The University of Chicago, C 
cago, lllinois. 586 pp. (11 X 81/3, ius, T9, 
$58.50. 


CARDIAC PACING: A Concise Guid 
to Clinical Practice 


| Edited and with contributions by PHII 


VARRIALE; MD., and EMIL A, NACL ERI 
M, D., both of Cabrini Medical Center, Ne 
York, New York. (34 Contributors). 382 
(7 X 10), illus., 1979, $27.50. 


CLINICAL CARDIAC 
ELECTROPHYSIOLOGY: Techniques 
and Interpretations 


By MARK E. JOSEPHSON, M.D., Univers 
of Pennsylvania School of Medici ine, Phi 
delphia; and STUART F. SEDES, M 
George Washington Univ ersity School 
Medicine, Washington, D.C. 318 pp. € 
10), numerous ilus., 1979, gn. 95. . 





Becton Dickinson Announces 
A Quantum Leap Ahead in 
Computerized Arrhythmia 

Monitoring... 


VIGILANT 


Introducing VIGILANT. State-of-the-art 
instrumentation so remarkably accurate 
in the recognition of complex cardiac 
events, it emerges as the first arrhythmia 
IDENTIFICATION system. 


With its prompt detection of arrhyth- 
mias! and clinically proven accuracy?, 
with its sophisticated arrhythmia recall 
capabilities, and its outstanding analyt- 
ical features, VIGILANT takes arrhythmia 
classification beyond mere patient 
monitoring. 


Utilizing advanced signal processing 
technology, this third-generation, multi- 
parameter computer system has been 
clinically documented to have a beat 


detection accuracy of 99.94%. And, since 


it has a proven false positive VPB rate of 
only 0.1% and false negative VPB rate of 


< @ || 

D ISON 
Becton Dickinson Medical Systems 
Route One, Sharon, MA 02067, U.S.A 


only 4.6%4, VIGILANT provides an 
instant and reliable upgrade in CCU/ICI 
management. 


Specifically, this expanded capability 
means accurate, on-line recognition of 
VPBs; reliable identification of dangerot 
arrhythmias; comprehensive data storag 
and retrieval facilities; quantitative drug 
response measurements; and a potentia 
savings of time and money through the 
more efficient use of personnel’. 


If you've had doubts about the accuracy 
and effectiveness of computerized ar- 
rhythmia monitoring systems, take a lool 
at the first computer-assisted arrhythmia 
IDENTIFICATION system. VIGILANT 
from B-D. It’s a quantum leap ahead... 
for you, your staff and your patients! 


Telephone: (617) 784-7878 or 1 (800) 225-0455 (outside Massachusetts) 


See VIGILANT at the AHA, Miami Beach, Booth #121. 


1. Romhilt, D.W., et al: Unreliability of Conventional Electrocardiographic Monitoring for Arrhythmia Detection 
in Coronary Care Units. American Journal of Cardiology 31: 457-461, 1973. 


2. Shah, P.M., et al: Automatic Real Time Arrhythmia Monitoring in the Intensive Coronary Care Unit. American 


journal of Cardiology 39: 701-707, 1977. 
3. Ibid. 
4. Ibid. 


5. Simson, M.B.: Computerized Arrhythmia Detection in Clinical Practice. Reprinted from “Symposium on 
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For ventricular arrhythmias. 

For atrial arrhythmias. 

For smooth, trouble-free conversion. 
For steady maintenance. 


o Greater GI tolerance 
than with quinidine sulfate 
tj Full quinidine cardiodynamics 
o Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quini: 
polygalacturonate) are indicated in the treatment of: premature a 
and ventricular contractions; paroxysmal atrial tachycardia; paro 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillat 
established atrial fibrillation when therapy Is appropriate; paroxys 
ventricular tachycardia when not associated with complete he 
block; maintenance therapy after electrical conversion of atrial fi! 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses 

abnormal rhythms due to escape mechanisms should not be tre: 
with quinidine. WARNING: In the treatment of atrial flutter rever: 
to sinus rhythm may be preceded by a progressive reduction in 
degree of AV block to a 1:1 ratio and resulting extremely rapid : 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quini 
polygalacturonate 275 mg.) is equivalent in quinidine content ! 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dos 
must be adjusted to individual needs, both for conversion and m 
tenance. An initial dose of 1 to 3 tablets may be used to termi: 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhy 
is not restored after 3 or 4 equal doses, the dose may be increa 
by Ve to 1 tablet (137.5 to 275 mg.) and administered three to | 
times before any further dosage increase. For maintenance, 

tablet may be used two to three times a day; generally one ta 
morning and night will be adequate. SUPPLIED: Uncoated, scc 
tablets in bottles of 100. 


Purdue Frederick 


© COPYRIGHT 1976, THE PURDUE FREDERICK COMPANY / NORWALK, CT 06856 C8207 | 


e7-\ iia} (e] Mele) 4 





Calcific Deposits in Porcine Bioprostheses 
Methodologic Problems in Exercise Testing 
Pulsed Doppler Echocardiography in Cyanotic Newborns 
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anormal cardiovascular 


response to exercise? 


Cardiac output and blood pressure normally increase 
with increasing physical activity. ALDOMET does not 
significantly impair normal fluctuations of blood 
pressure during exercise.!2 


In a recent study of hypertensive patients whose 
cardiovascular response to exercise was evaluated 
before and during methyldopa therapy, “.. methyldopa 
significantly reduced the rise in systolic pressure during 
the build-up (P<0.01) and subjective maximal stages 
(P 0.05) as well as at all phases of recovery (P 0.01)" 
Moreover, "The total duration of exercise (an index of 
work capacity) was unchanged with... methyldopa"? 


Such findings can be of importance to active hyper- 
tensive patients such as the athletic individualor the 
person whose work requires substantial physical effort. 
For these and many other hypertensive patients, 
ALDOMET represents a logical therapeutic choice. 


With ALDOMET, exercise hypotension rarely occurs. 
Sedation, usually transient, may occur during the initial 
period of therapy or whenever the dose is increased. 
Headache, asthenia, or weakness may be noted as early 
and transient symptoms. 


ALDOMET 'offers many 


(METHYLDOPA!MSD) 
other important features: 


e Highty-effective in all degrees of hypertension. 

* Existing cardiac output is usually maintained. 

* Renal blood flow is usually maintained. 

* Has documented long-term efficacy. 

e Significant adverse effects have been infrequent and 
the agent is usually well tolerated. — " 


For hypertension — 


ALDOMET "The most prescribed nondiuretic antihypertensive in the US.t 
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ALDOMET is contraindicated in active hepatic | 
disease, hypersensitivity to the drug, and if previ 
methyldopa therapy has been associated with li 
disorders. It is important to recognize that a posit 
Coombs test, hemolytic anemia, and liver disord 
may occur with methyldopa therapy. The rare 
occurrences of hemolytic anemia or liver disorde 
could lead to potentially fatal complications unle 
properly recognized and managed. 










1. Yasky J, Carosella C, Costa O: Diagnosis of arterial hyper 
tension by means of a graduated ergometric test, in Zanche 


in Worldwide Clini 












pp 56-63. 

2. Mancia G, Ferrari A, Gregorini G, et al: Effects of treat 
with methyldopa on basal hemodynamics and on neural ci 
latory control, in Zanchetti A (ed): ALDOMET® (Methyld 
MSD) in Worldwide Clinical Experience, West Point, PA, 
Merck Sharp & Dohme, 1979, pp 27-39. 

3. Lee WR, Fox LM, Slotkoff LM: Effects of antihypertensiv 
therapy on cardiovascular response to exercise. Am J Cardi 
44:325-328, 1979. 


TABLETS: 500 mg, 250 mg, and [25 my 


ALDOMET WILL. 


METHYLDOPA|MSD 


SD 


For a brief summary of prescribing MERC MK 
^ 1 ^ L he a mig. 
information, please see following page. 








Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis: if previous 
methyidopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and liver 
disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver 
disorders could lead to potentially fatal complica- 
tions unless properly recognized and managed. 
Read this section carefully to understand these 
reactions. 

With prolonged methyldopa therapy, 10% to 20% of 
patients develop a ‘positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal compli- 
cations. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
direct Coombs testis not initself a contraindication to 
use of methyldopa. if a positive Coombs test 
develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For 
example, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of bload. 
Atthe start of methyldopa therapy, itis desirable to do 
a blood count (hematocrit, hemoglobin, or red cell 
count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
during therapy to detect hemolytic anemia. it may be 
useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 
Coombs-positive hemolytic anemia occurs, the 
cause may be methyldopa and the drug should be 
discontinued. Usually the anemia remits promptly. If 
not, corticosteroids may-be given and other causes 
of anemia should be considered. If the hemolytic 
anemia is related to methyldopa. the drug should not 


| . be reinstituted. When methyidopa causes Coombs 


positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The positive Coombs test may 
not revert to normal until weeks to months after 
methyidopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemoiytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
positive. problems may arise in the major cross 





match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT}, bilirubin, 
cephalin cholesterol flocculation, prothrombin time. 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa. the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs. potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood. 
and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method, 
serum creatinine by the alkaline picrate method. and 
SGOT by colorimetric methods. Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines. falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma. 
itis important to recognize this phenomenon beforea 
patient with a possible pheochromocytoma is sub- 
jected to surgery Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites. 

stop drug if involuntary chorecathetotic movements 
occur in patients with severe bilateral cerebrovascu- 


For hypertension— 


ALDOMET 
(METHYLDOPA|MSD) 


The most prescribed 
nondiuretic antihypertensive 


in the US. today 


lar disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. : 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Centra/ nervous system: Seda- 
tion, headache, asthenia or weakness, usually early 
and transient: dizziness, lightheadedness, symp- 
toms of cerebrovascular insufficiency, paresthesias, 
parkinsonism, Bell's palsy, decreased mental acuity, 
involuntary choreoathetotic movements: psychic 
disturbances, including nightmares and reversible 
mild psychoses or depression. 

Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (Discontinue methyldopa if edema 
progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, 
sore or “black tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic ane- 
mia. Leukopenia, granulocytopenia, thrombocyto- 
penia. Positive tests for antinuclear antibody. LE 
cells. and rheumatoid factor. 

Allergic: Drug-related fever, lupus-like syndrome, 
myocarditis. 

Other: Nasal stuffiness, rise in BUN. breast enlarge- 
ment, gynecomastia, lactation. impotence. de- 
creased libido. dermatologic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia. 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third months of therapy; 
increased dosage or E a diuretic frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. 
syncope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease; this may be avoided by lower doses. 

How Supplied: Tablets, containing 125 mg methyl- 
dopa each. in bottles of 100: Tablets, containing 
290 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 and 1000: Tablets, containing 
2n mg D qu eum packages of 
100 and bottles of 100 and 500. 

For more detailed information, con- MSD 
sult your MSO representative or sop "eem 


full prescribing information. Merck MERCK 
Sharp & Dohme. Division of Merck & SHAR 
Co., Ic., West Point, Pa. 19486 HM 
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[n Hypertension*..When You Need to Conserve K 


see complete prescribing 


Before prescribi 
Co. literature or PDR. A brief 


information in SK& 
summary follows: 


WARNING 

This drug is not indicated for initial therapy of 
edema or hypertension. Edema or hypertension 
requires therapy titrated to the individual. If this 


combination represents the dosage so deter- 


mined, its use may be more convenient in patient 
management. Treatment of hypertension and 
edema is not static, but must be reevaluated as 
conditions in each patient warrant. 


Contraindications: Further use in anuria, progres- 
sive renal or hepatic dysfunction, hyperkalemia. 
Pre-existing elevated serum potassium. Hypersensi- 
tivity to either component or other sultonamide- 
derived drugs. 


Warnings: Do not use potassium supplements, 
dietary or otherwise, unless hypokalemia develops 
or dietary intake of potassium is markedly impaired. 
If supplementary. potassium is needed, potassium 
tablets should not be used. yet dais can Occur, 
and has been associated with cardiac irregularities. 
It is more likely in the severely ill, with urine volume 
less than one liter/day, the elderly and diabetics with 
suspected or confirmed renal insufficiency. Period- 
ically, serum K+ levels should be determined. If 
hyperkalemia develops, substitute a thiazide alone, 
restrict K+ intake. Associated widened QRS com- 
plex or arrhythmia requires prompt additional 
therapy. Thiazides cross the placental barrier and 
appear in cord blood. Use in pregnancy requires 


m“ainkina antininatad honofite anainet nassihle 








+Step 1 usually consists of an initial phase (a diuretic 
alone), a titration phase (dosage adjustment and/or 
addition of a Kt supplement or Kt-sparing agent), and a 
maintenance phase (a diuretic alone or in combination 
with a K+ supplement or K+-sparing agent). 


Serum K* and BUN should be checked periodically (see Warnings). 


bocytopenia, other adverse reactions seen in adults. 
Thiazides appear and triamterene may appear in 
breast milk. If their use is essentíal, the patient should 
stop nursing. Adequate information on use in chil- 
dren is not available. Sensitivity reactions may occur 
in patients with or without a history of allergy or 
bronchial asthma. Possible exacerbation or activa- 
tion of systemic lupus erythematosus has been 
reported with thiazide diuretics. 


Precautions: Do periodic serum electrolyte deter- 
minations (particularly important in patients vomiting 
excessively or receiving parenteral fluids). Periodic 
BUN and serum creatinine determinations should be 
made, especially in the elderly, diabetics or those 
with suspected or confirmed renal insufficiency. 
Watch for signs of impending coma in severe liver 
disease. If Spironolactone is used concomitantly 
determine serum K+ frequently; both can cause K+ 
retention and elevated serum K+. Two deaths have 
been reported with such concomitant therapy (in 
one, recommended dosage was exceeded, in the 
other serum electrolytes were not properly moni- 
tored). Observe regularly for possible blood 
dyscrasias, liver damage, other idiosyncratic re- 
actions. Blood dyscrasias have been reported in 
patients receiving triamterene, and leukopenia, 
thrombocytopenia, agranulocytosis, and aplastic 
anemia have been reported with thiazides. Triam- 
terene is a weak folic acid antagonist. Do periodic 
blood studies in cirrhotics with splenomegaly. Anti- 
hypertensive effect may be enhanced in post- 
sympathectomy patients. Use cautiously in surgical 
npe The following may occur: transientelevated 

UN or creatinine or both, hyperglycemia and 
glycosuria (diabetic insulin requirements may be 


AMeredYi hunarnrinamia and mat cinitalic intnxica- 


possible metabolic acidosis. Dyazide interferes with 
fluorescent measurement of quinidine. Hypo- 
kalemia, although uncommon, has been reported 
Corrective measures should be instituted cautiously 
and serum potassium levels determined. Discon- 
tinue corrective measures and ‘Dyazide’ should 
laboratory values reveal elevated serum potassium. 
Chloride deficit may occur as well as dilutional 
hyponatremia. Serum PBI levels may decrease with- 
out signs of thyroid disturbance, Calcium excretion 
is decreased by thiazides. Dyazide' should be with- 
pine before conducting tests for parathyroid 
unction 


Diuretics reduce renal clearance of lithium and 
increase the risk of lithium toxicity. 

Adverse Reactions: Muscle cramps, weakness. 
dizziness, headache, dry mouth; anaphylaxis, rash, 
urticaria, photosensitivity purpura, other dermat- 
ological conditions; nausea and vomiting, diarrhea, 
constipation, other gastrointestinal disturbances. 
Necrotizing vasculitis, paresthesias, icterus, pan- 
creatitis, xanthopsia and, rarely, allergic pneumo- 
nitis have occurred with thiazides alone. Triamterene 
has been found in renal stones in association with 
other usual calculus components 


Supplied: Bottles of 1000 capsules; Single Unit 
Packages (unit-dose) of 100 (intended for institu- 
tional use only); in Patient-Pak™ unit-of-use bottles 
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a SmithKline company 
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L Figurelisapre-stress CK: G (Cardiokymo- IV. Figures1, 2and 3, taken. together, 


graph) tracing of the left ventricle (V3 posi- eee te: 
tion), itdemonstrates: = C] A. stress induced ventricular wall motion ab- 
C1 A normal systolic inward motion normalities consistent with ischerma 
C1 Bomidsystolic bulging (1 B. normal ventricular wall motion 
J C. holosystolic outward motion V. According to recently published? data, the 
LD: other CKG (Cardiokymograph) stress test is: 
Ul. Figure2isatwo minute post-stress CKG G A. 98% sensitive-— 9896 specific 
(Cardiokymograph) tracing of the left ven- O B. 59% sensitive-- 6996 specific 
tricle(V3 position), on the same patient, = C. 74% sensitive --95% specific 
demonstrating: | GD. 40% sensitive — 60% specific 
CLA: nermal systolic inward motion VL Figure 4is a photograph of: 
CIB. midsystolic bulging - L A CKG/ 7100 (Cardiokymograph) 
Q C.-holosystolic outward motion. [] B. anoninvasive device that provides an 
oD: other ts analog representation of wall motion 
eile Figure 3isa thirty minute poitiiress rest- LJ C. alow cost, simple device to be used in 
ing CKG (Cardiokymograph) tracing of the Sout! on with stress testing to enhance 
_ left ventricle (V3 position), on the same diagnostic accuracy 
patient, demonstrating: Li D. aliofthe above 


LJ A normal systolic inward motion 
C B. midsystolic bulging. 

(1 C. holosystolic outward motic 
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For patients who need K CI- 
one sparkles bright: 


Each packet (2.8 g) provides 20 mEq each 
of potassium and chloride supplied by 
potassium chloride 1.125 g, potassium * 
bicarbonate 0.5 g, and L-lysine mono- 
hydrochloride 0.913 g. 


FAAS | 
onc dai 


è pleasant citrus flavor 


® each packet delivers 20 mEq of potassium 
and chloride 


e easily carried in patient's pocket or purse 


LIEGE UD CIR TUR EL CTMTE QUSE CUT miele 
pleasant daily dosage 


sugar, sodium, carbohydrate and dye free 


Give your patients the KLORVESS sparkle 


Please see brief summary of prescribing information on adjoining page. 


“U.S, Pat. No, 4,093,710 


CRUERTTETEELSTELE EUIS of Sandor, Ine 26790 A 











Give your patients 
the KLORVESS’ sparkle 


 Klorvess* Effervescent Granules and 
_Klorvess® (potassium chloride) 10% Liquid 


ummary of prescribing information 


CRIPTION: Klorvess Effervescent Granules: Each packet 
g) contains 20 mEq each of potassium and chloride supplied 
oy potassium chloride 1.125 g, potassium. bicarbonate 0.5 g, 
L-lysine: monohydrochloride 0.913 gin a sodium-, sugar- and car- 
'":bohydrate-freeetfervescentformulation. Dissolution ofthe packet 
-; contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
; potassium citrate and L-lysine monohydrochloride. 


-Klorvess (potassium chloride) 10% Liquid: Each tablespoonful 
(15. ml) contains. 20 mEq of potassium chloride (provided by 
“potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 1%. 


INDICATIONS: For the prevention and treatment of potassium 
. depletion and hypokalemic-hypochioremic alkalosis. Deficits of 
“pody potassium and chloride can occur as a consequence of 
< therapy with potent diuretic agents and adrenal corticosteroids. 


- CONTRAINDICATIONS: Severe renal impairment characterized 
- by azotemia or oliguría, untreated Addison's disease, Familial 
_ Periodic Paralysis, acute dehydration, heat cramps, patients re- 
Geiving aldosterone-inhibiting or potassium-sparing diuretic 
| agents, or hyperkalemia from any cause. 


BS PRECAUTIONS: In response to arise in the concentration of body 
"potassium, renal excretion of the ion is increased. in the presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
^. the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
< status, serum electrolytes and the EKG should be carried out 
. When replacement therapy is undertaken. This is particularly 
important in patients. with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of Kiorvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 10% Liquid in 3to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals, 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mías, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
"(T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 


DOSAGE AND ADMINISTRATION: Klorvess Effervescent 
Granules: Adults— One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 


-Klorvess (potassium chloride) 10% Liquid: Adults—One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
"daily depending upon the requirements of the patient. 


— Both of these solutions should be ingested slowly with meals or 
immediately after eating. 


- OVERDOSAGE: Potassium intoxication. may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
::: stated under "Contraindications" Hyperkalemia, when detected, 
ust be treated immediately because lethal levels can be 
t: reached in a few hours. In digitalized patients too rapid a lowering 

of plasma potassium concentration can cause digitalis toxicity. 


. HOW SUPPLIED: Klorvess Effervescent Granules— packages of 
“30 packets (2.8 g each). Klorvess (potassium chloride) 10% Liquid 
 .$tdark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
able in institutional packaging as follows: Klorvess Effervescent 
ranules— packages of 1000 packets; Klorvess Liquid— 36 (3 x 
2 Ox Use bottles and 100 (4 x 25) x 15 m! Unit- 






















(For complete details, lease consult full prescribing information) 
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dependable, prolonged protection during periods of emotional or physical exertion. 


Summary Of Prescribing Information 


Indications: Based on a review of this drug by The 
National Academy of Sciences — National Re- 
search Council and/or other information, FDA has 
classified the indications as follows: 

"Probably" effective: The chewable dosage form 


of SORBITRATE is indicated for the treatment of 
acute anginal attacks and for prophylaxis in situa- 
tions likely to provoke such attacks. 

Final classification of the less-than-effective indi- 
cations requires further investigation. 





Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during 
the early days of the acute phase of myocardial infarction 
are insufficient to establish safety. 

Precautions: Tolerance and cross tolerance to other 


nitrates may occur, 

Adverse Reactions: Headache which may be severe 
and persistent. Lowering the dose and using analgesics 
will help control the headaches which usually diminish 
or disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vaso 
dilation with flushing; transient dizziness and weakness 
as well as other signs of cerebral ischemia associated 
with postural hypotension: individual marked sensitivity 
to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect); drug rash and/or 
exfoliative dermatitis 

This drug can act as a physiological antagonist 
to norepinephrine, acetylcholine, histamine and other 
agents 


Dosage and Administration: Individual Dose: To mini- 
mize hypotensive responses, which may occasionally be 


severe with chewable doses as low as 5 mg. the smallest 
effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. X 
Dosage Schedule: Smallest effective dose necessary for 
the prevention and treatment of pain of an angina attack. 
CHEWABLE SORBITRATE® (isosorbide dinitrate) may 
be taken for prompt relief of angina pain three or four 
times daily Although the onset and duration of effect 
of coronary nitrates may vary, following is the gener- 
ally reported range of these values for CHEWABLE 
SORBITRATE. 

Onset of Effect: Two to five minutes. 

Duration of Effect: One to two hours. 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc. 
Wilmington, DE 19897 
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CLINICAL STUDIES 


: 721  Calcitic Deposits in Porcine Bloprostheses: Structure and Pathogenesis 


VICTOR J. FERRANS, STEVEN W. BOYCE, MARGARET E. BILLINGHAM, MICHAEL JONES, TOKUHIRO 
ISHIHARA and WILLIAM C. ROBERTS 


Gross, histologic and ultrastructural analysis of 14 calcified porcine valve prostheses suggest that calcific de- 
"posits occur at all ages, but are usually more severe and clinically significant in children and young adults than 
. in older patients. The calcific deposits limit the mobility of the cusps and may lead to prosthetic valve stenosis 
or regurgitation. The connective tissue in the cusps, particularly in the spongiosa, and small thrombi on the sur- 
faces are the two main sites of such deposition of calcium phosphate. Calcification of connective tissue first in- 
volves the collagen fibrils; calcification of thrombi involves the mitochondria in platelets and leukocytes trapped 
in the mesh of fibrin. These deposits represent the results of different mechanisms that are discussed in depth. 


735 Chronic Intravascular Hemolysis Atter Aortic Valve Replacement With lonescu-Shiley e 
Comparative Study With Bjork-Shiley Prosthesis 


PEDRO R: FEBRES-ROMAN, WILSON C. BOURG, RICHARD A. CRONE, RICHARD C. DAVIS, Jr. and 
TROY H. WILLIAMS 


.. This study of 20 patients with a prosthetic valve (lonescu-Shiley or Bjork-Shiley) in the aortic position ata mean 

"interval of 10.6 months after aortic valve replacement demonstrates a significantly greater incidence and degree 

of mild chronic intravascular hemolysis in. the patients with the lonescu-Shiley prosthesis than in those with the 

. Bjork-Shiley prosthesis. The hemolysis appears to be related to the mechanical design of the prosthesis. No di- 

rect relation was found between serum lactic dehydrogenase or haptoglobin and valve size. It is also unlikely that 

an immune mechanism played a role. With time, endothelialization of the valve structures may lead to a lesser 
- degree of erythrocyte destruction and hemolysis with the lonescu-Shiley prosthesis. 


| awaits add ion 











Medtronic leads the way to 
mans heart with Spectrax-SX. 


One of life’s little miracles. 


There is some tiny mystery inside a caterpil- 
lar that programs it to begin the new life of a 
butterfly. And for many adults and children, 
the Spectrax-SX pacemaker is their own lit- 
tle miracle. It's the smallest, most versatile 
programmable pacemaker yet, for atrial or 
ventricular demand pacing. It weighs a mere 
45 grams. And many of your patients may 
never need a replacement. 

With the Spectrax-SX pacemaker you can 
easily and noninvasively program a combi- 
nation of eight parameters to precisely meet 
your patient's needs at any time during the 
pacemaker's potentially long service life. 

The Spectrax-SX allows you to program 
and fine-tune pulse rate, pulse width, sensi- 
tivity, refractory period, hysteresis rate, am- 
plitude and pacing mode (synchronous, 
asynchronous or demand.) It also has an au- 
tomatic threshold safety margin check. 

Medtronic's technological leadership in 
pacing, leads and support means you can 
offer many patients a more comfortable, nor- 
mally active life with Spectrax-SX. And 
that's a little miracle. 

Spectrax. Broadening the spectrum of pre- 
cise patient management. 








Medtronic 


Leading the way to man's heart. 


MEDTRONIC PRODUCT 
INFORMATION SUMMARY 


Medtronic® Implantable Pulse Generators 


Intended Uses—Ventricular pacing using an implantable 
ventricular pulse generator and lead system are for long- 
term therapeutic control of heart rate in patients with im- 
pulse formation or conduction disorders leading to bradyar- 
rhythmias, tachyarrhythmias and heart block (see product 
labeling for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in 
patients with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


Contraindications—There are no known contraindications 
to the use of pacing as a therapeutic modality for the control 
of heart rate in patients with normal conduction systems. In 
certain patients with anomalies of the conduction system 
(WPW syndrome and related conditions), patients may be 
benefited or harmed by cardiac pacing. Therefore, elec- 
trophysiologic studies are required prior to therapeutic ap- 
plication of pacing. In addition, the patient’s age and medi- 
cal condition may dictate the particular pacing system and 
implantation procedure used by the physician. 


Warnings—Diathermy should not be used on patients with 
pacemakers because of possible heat damage to elec- 
tronic components. Electrosurgical units should never be 
used in the vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar mode because 
of danger of introducing fibrillatory currents into the heart 
via the implanted pulse generator/lead. Pulse generators 
may be damaged by defibrillatory discharges if the paddles 
are placed over the implanted pulse generator. (See prod- 
uct ng for a complete list of warnings and precau- 
tions. 


Precautions —The physician should be aware that all pulse 
generators will ultimately cease to function due to cell de- 
pletion and may fail at any time due to random component 
or battery failures which cannot be predicted prior to failure. 
Also, that the pacing system may cease to function at any 
time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be 
affected by electrical interference from certain electrical 
equipment. 


Side Effects—Body rejection phenomena, including local 
tissue reaction, muscle and nerve stimulation, infection, 
erosion of pulse generator/lead through skin, transvenous 
lead-related thrombosis, embolism and cardiac tam- 
ponade. 


Model 9700/9701 Programmers 


Intended Use—The Medtronic* Model 9700 and 9701 Pro- 
grammers are designed to be used by a physician for 
noninvasively programming the Medtronic? pulse 
generators listed in their respective technical manuals. The 
programmers may also be used to measure the rate and 
pulse width of implanted pacemakers. 

There are no known contraindications or major poten- 
tial complications associated with use of the programmer. 
However, these devices should not be used without prior 
study of the technical manual supplied with each pro- 
grammer. 


Warnings -—The programmers should only be used for pro- 
gramming the Medtronic® pulse generators designated in 
the respective technical manuals. Direct stimulation by 
energy coupling may occurif the programmers are used on 
other implanted devices. The programmers are not compat- 
ible with pulse generators of other manufacturers. See 
pn labeling for a complete list of warnings and precau- 
ions. 


A14 


When the compromised arrhythmic 
patient needs round-the-clock, 
year-after-year protection 






Quinaglute 


(quinidine gluconate) 


CONTRAINDICATIONS: 

Aberrant impulses and abnormal 
rhythms due to escape mechanisms 
should not be treated with quinidine. 

Partial A-V or complete heart block, or 
intraventricular conduction defects, 
especially those exhibiting a marked 
grade of QRS widening. 

Renal disease resulting in significant 
azotemia, or those developing cardio- 
toxic effects such as conduction defects, 
ventricular premature beats, ventricular 
tachycardia or flutter while on the drug. 

Marked cardiac enlargement. particu- 
larly with congestive failure, poor renal 
function, and especially renal tubular 
acidosis. 

Idiosyncrasy or hypersensitivity to 
quinidine. 

WARNINGS: 

In the treatment of atrial flutter, rever- 
sion to sinus rhythm may be preceded 
bya Peeve reduction in the degree 
of A-V block to a 1:1 ratio resulting in an 
extremely rapid ventricular rate. 
PRECAUTIONS: 

The precautions to be observed include 
all those applicable to quinidine. A pre- 
liminary test dose of a single tablet of 
quinidine sulfate should be adminis- 
tered to determine if the patient has an 
idiosyncrasy to quinidine. Hypersensi- 
tivity to quinidine, although rare, 
should constantly be considered, espe- 
cially during the first weeks of therapy. 

Quinidine in large doses may reduce the 
contractile force of the heart, therefore. 
extreme caution should be exercised in 
using the drug in patients with severe 
heart disease, hypotension or i peni 
intoxication. The potential disadvan- 
tages and benefits must be weighed. 

It should be administered cautiously. 
if at all, to senile patients. 

Hospitalization for close clinical observa- 
tion, electrocardiographic monitoring, and 
possibly plasma quinidine levels is indi- 
cated when large doses are used or with 
patients who present an increased risk. 
ADVERSE REACTIONS: 

Symptoms of cinchonism, ringing in 
ears, headache, nausea. disturbed 
vision may n in sensitive patients 
after a single dose of the drug. 
Cardiovascular: Widening of QRS com- 
plex, cardiac asystole, ventricular 
ectopic beats. idioventricular rhythms 
including ventricular tachycardia and 
fibrillation, paradoxical tachycardia, 
arterial embolism, hypotension. 
Gastrointestinal: Nausea, vomiting, 
abdominal pain, diarrhea. 
Hematologic: Acute hemolytic anemia, 
hypoprothrombinemia, thrombocyto- 
penic purpura, agranulocytosis. 
Central Nervous System: Headache, 
fever, vertigo, apprehension, excitement, 
confusion, delirium and syncope, dis- 
turbed hearing (tinnitus, decreased 
auditory acuity), disturbed vision 
(mydriasis, blurred vision, disturbed 
color perception, reduced vision fields, 
photophobia, diplopia, night blindness, 
scotomata), optic neuritis. 
Dermatologic: Cutaneous flushing with 
intense pruritus. 
Hypersensitivity Reactions: Angio- 
ema, acute asthmatic episode, vascu- 
lar collapse, respiratory arrest. 
See package insert for full information. 


BEKLEX ares Inc. 


Cedar Knolls. New Jersey 07927 
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E ee and Ultrastructural Features of Normal Human Parietal Pericardium 


TOKUHIRO ISHIHARA, VICTOR J. FERRANS, MICHAEL JONES; STEVEN W. ‘BOYCE, OICHI KANANAMI 
and WILLIAM C. ROBERTS. | 


Histologic and transmission add scanning electron microscopic observations o on normal human parietal pericar- 
: dium indicate that the pericardial mesothelial cel Is of the. serosa 





single cilia and are covered with microvilli 
that bear friction and increase the surface area for fluid transpor Actin-like filaments (50 Ain diameter) in the 
microvilli and in immediately subjacent regions. mediate change n cell shape. intermediate filaments (100 A in 
diameter) are associated with desmosomes, form bundles i in the perinuclear regions, and provide structural sup- 
port to the cytoplasm. The observations demonstrate the complexity of the organization of the various structural 








. components of human parietal pericardium and illustrate the range of adaptations this tissue has developed to 


perform its functions. The connective tissue permits only a limited amount of Stretch, which is mediated by 
straightening of the wavy arrangement of bundles of collagen fi fibrils. 


754 True Left Ventricular Aniurysm a and Healed Myocardial | Infarction. Clinical and Necropsy Observations 


Including Quantification of Degrees of Coronary Arterial Narrowing 


HENRY S. CABIN and WILLIAM C. ROBERTS 


In this clinicopathologic study of 28 necropsy patients with left ventricular aneurysm it was found that the myo- 
cardial infarction is large, the nonscarred left ventricular wall is hypertrophied, the left ventricular cavity is dilat- 
ed, and the major epicardial arteries are severely narrowed. Chronic congestive heart failure is frequent and the 
major cause of death, but chest pain, arrhythmia, recurrent myocardial infarction and systemic embolism are in- 
frequent. The clinical diagnosis by means other than left ventricular angiography i is infrequently made. 


764 Response to Exercise Early After Uncomplicated Acute Myocardial Infarction in Patients Receiving 


ANG 


No Medication: Long-Term Follow-Up 


GERALD M. KOPPES, WILLIAM KRUYER, CHARLES H. BECKMANN and FREDERIC G. JONES 


Submaximal treadmill exercise testing 3 weeks after an uncomplicated acute myocardial infarction in 90 pa- 
tients on no medication proved safe and provided reference values for safe limits in performing maximal tread- 
mill testing at 8 weeks after infarction. S-T segment changes or angina, or both, the inability to complete a maxi- 
mal 8 week treadmill test identified patients at risk for later complications. Exercise variables at submaximal 
equivalent exercise work did not change from 3 to 8 weeks. At maximal exercise 15.6 percent of the patients 
had S-T changes alone, 8.9 percent had angina pectoris alone and 12.2 percent had both. In all, fatigue, progres- 
sive shortness of breath or leg discomfort rather than angina was the exercise end point. Modified treadmill test- 
ing at 3 weeks and maximal testing at 8 weeks after acute myocardial infarction under controlled circumstances 
are more safely performed than unmonitored home management and follow-up of such patients. 


= 770 improvement in Ventricular Function oe Exercise Studied With Radionuclide Ventriculography 
| After Cardiac Rehabilitation : 





DAVID JENSEN, P EDWIN ATWOOD, VICTOR FROELICHER, M. DAN McKIRNAN, WILLIAM ASHBURN and 
JOHN ROSS, Jr. with the technical assistance of JUDY SASSONE, MARY Lou STRONG and 


`- JULIE FROELICHER 


This study using radionuclide ventriculography to assess left ventricular tunctiori at róst and during exercise be- 
fore and after a training program in 19 patients with coronary artery disease showed that after training the 
subjects achieved a higher maximal mean systolic blood pressure, heart rate and work load, but no change in 
mean ejection fraction at rest or during maximal exercise. At equivalent submaximal work loads after training, 
similar levels of mean heart rate and systolic blood pressure were reached and a statistically greater mean ejec- 
tion fraction was obtained. Data in four patients with coronary bypass grafting also indicate exercise training 
benefited them. Since spontaneous improvement in function may follow a myocardial infarction, controlled lar- 
ger studies are needed to document further these preliminary findings and to assess which patients respond 
most favorably to exercise training as a mode of therapy. 


continued on page A22 


You May Be 
Mis-Diagnosing 
Your Holter wee 


bers and trends are the reasons. 
Less than 1% of the Holter ECG data is 


& 
p atl ents normally presented for your diagnosis. 
e What happened the other 99% of the time? 
1979 brought a breakthrough in Holter monitoring. The 
development of micro-computer controlled fiberoptics made it 


possible to print every ECG complex into a textbook format, 
providing twenty-four, hourly pages of ECG data. 





No matter who the operator, the report is identical every 
time, and only takes three minutes to generate. Plus, this report 
is faster and easier to read than that of conventional Holter 
equipment. 

The major difference is “ Assurance". 


The product is The Eliminator™ by AdvanceMed, now a 
part of American Hospital Supply Corporation. The Eliminator 
is the first to offer 10096 accurate ECG data and is available at 
half the price of average Holter equipment. 


You owe it to yourself and to your patients to see The 
Eliminator. Since it is compatible with most Holter recording 
systems, call or write and we'll run one of your tapes. 

You May Be Surprised To See What You Are Missing! 


American Edwards / AdvanceMed, 1923 SE Main Street, 
Irvine, California 92714, (714) 751-1824. (800) 854-8081. 





Bes Use of the w r, in 


er 
(propranolol HCI) 


works, the anginal heart 
doesn't have to work so hard 


Consider the anginal heart at stress: It works harder, faster. 

Needs more oxygen. Pumps harder, faster still. Strives for more 
oxygen—with pain. Anginal attack means more nitroglycerin. 
And that means faster heart rate. The cycle repeats. 


Consider Inderal: It reduces heart rate—therapeutically—by some 12 
beats a minute. 720 fewer beats per hour. Some 6 million fewer beats 
per year. That means less work for the anginal heart. Less oxygen 
demand by the myocardium. Fewer anginal attacks. Less need for 
sublingual nitroglycerin. More tolerance for exercise—and more 
freedom of action. 





Reduction in heart rate is modest: should not be cause for concern. ' 

The relatively low dosages required for angina prophylaxis (an average 
of 160 mg/day) produce few, if any, serious adverse reactions, which 

in any case are readily recognized and controlled. 


With proper patient selection—in the absence of bronchial asthma, 
sinus bradycardia, or heart block greater than first degree—risk of 
precipitating cardiac failure is extremely rare. And withdrawal prob- 
lems may be avoided by reducing dosage gradually —rather than 
abruptly.* 


Consider too: There is also a favorable redistribution of perfusion to 
the vulnerable subendocardium.* And, in patients who may still need 
nitroglycerin p.r.n., INDERAL will cancel the undesirable increase 
in heart rate and contractility. 


Prescribe INDERAL with confidence. Effec- IN 
tive. Reliable. For patients with moder- 


ate to severe angina in whom conven- (PROPRANOLOL HCI) 


tional measures have failed. TOD AY’ G 40mg 80mg tabs. 
* For full information on Contraindications, Precautions, Adverse Reac- 

tions, and Warnings, including avoidance of abrupt withdrawal, please B F N [. = MARK 

consult the prescribing information on the following page. 

Ayerst. PROPHYLAXIS 
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BRIEF SUMMARY 

(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
Inderal* BRAND OF 

PROPRANOLOL HYDROCHLORIDE 

A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 





ACTIONS 
Beta receptor blockade is useful in conditions in which, because of pathologic or functional 
changes, sympathetic activity is excessive or inappropriate and detrimental to the patient. But 
there are also situations in which sympathetic stimulation is vital. For example, in patients with 
severely damaged hearts, adequate ventricular function is maintained by virtue of sympathetic 
drive which should be preserved In the presence of AV block, beta blockade may prevent the 
necessary facilitating effect of sympathetic activity on conduction. Beta blockade results in 
bronchial constriction by interfering with adrenergic bronchodilator activity which should be 
preserved in patients subject to bronchospasm. t 

The proper objective of beta blockade therapy is to decrease adverse sympathetic stimula- 
tion but not to the degree that may impair necessary sympathetic support. 

Propranolol may reduce the oxygen requirement of the heart at any given level of effort by 
blocking catecholamine-induced increases in heart rate, systolic blood pressure, and the 
velocity and extent of myocardial contraction. On the other hand, propranolol may increase 
Oxygen requirements by increasing left ventricular fiber length, end diastolic pressure, and 
systolic ejection period. 

If tne net physiologic effect of beta adrenergic blockade in angina is advantageous, it would 
be expected to manifest itself during exercise by delayed onset of pain due to decreased oxy- 
gen requirement. 


INDICATION 
Angina Pectoris Due to Coronary Atherosclerosis: The initial treatment of angina pectoris 
involves weight control, rest, cessation of smoking, use of sublingual nitroglycerin, and avoid- 
ance of precipitating circumstances. INDERAL is indicated in selected patients with moderate 
to severe angina pectoris who have not responded to these conventional measures. 
Propranolol should not be used in patients with angina which occurs only with considerable 
effort or with infrequent precipitating factors. j 

INDERAL exerts both favorable and unfavorable effects, the preponderance of which may be 
beneficial. (See ACTIONS Section.) INDERAL shouid not be cnpQoed unless there bii o 
pain or increased work capacity. 

Because of the potential for adverse results, treatment atiould be carefully monitored, The 
patient should also be reevaluated periodically since the dosage requirement and the need to 
continue INDERAL may be altered by clinical exacoriaiana or remissions. (See DPSRGE AND 
ADMINISTRATION.) 

Additional studies of the effects of INDERAL in eins pectaria patients are in progress to 
better evaluate and define the proper role of INDERAL in this condition. i E. 


CONTRAINDICATIONS X n" aE 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen season; 
3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock; 5) right ventric- 
ular failure secondary to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) 
unless the failure is secondary to a tachyarrhythmia treatable with INDERAL. 7) in patients on 
adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and during the two 
week withdrawal period from such drugs. d. 


WARNINGS " "x 
CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory func- 
tion in congestive heart failure, and inhibition with beta- blockade always carries the potential 
hazard of further depressing myocardial contractility and precipitating cardiac failure. 
INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart muscle 
(.e., that of supporting the strength of myocardial contractions). In patients already receiving 
digitalis, the positive inotropic action of digitalis may be reduced by INDERAL's negative inotrop- 
ic effect. The effects of INDERAL and digitalis are additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of 
impending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the 
response observed closely: a) if cardiac failure continues, despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be immediately withdrawn: b) if tachyarrhythmia i is 
being controlled, patients should be maintained on combined ale and the patient closely 
followed until threat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of angina — 
and, in some cases, myocardial infarction, following abrupt discontinuation of INDERAL 
therapy. Therefore, when discontinuance of INDERAL is planned the dosage should be 
gradually reduced and the patient carefully monitored. In addition, when INDERAL 

is prescribed for angina pectoris, the patient should be cautioned against interruption or 


cessation of therapy without the physician's advice. If INDERAL therapy is interrupted 

and exacerbation of angina occurs, it usually is advisable to reinstitute INDERAL therapy 
and take other measures appropriate for the management of unstable angina pectoris. 
Since coronary artery disease may be unrecognized, it may be prudent to follow the above 
advice in patients considered at risk of having occult atherosclerotic heart disease, 

who are given propranolol for other indications 





IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use have 
not been adequately appraised. Special consideration should be given to propranolol's poten- 
tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
ing or continuing hyperthyroidism or complications and give a false impression of improvement. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
slowly. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- 
ported in which, after propranolol, the tachycardia was replaced by a severe bradycardia re- 
quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated carefully when administered for arrhythmias 
occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR S ERY, beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this f&as&n, with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hoürs prior tO'gurgery. at which time all chemical and 
physiologic effects are gone according to availat#e evidence. However, in case of emergency 
surgery, since INDERAL is a competitive inhibigr af beta receptor agonists, its effeéts can be 
reversed by administration of such agents, eg, Asgprotereno! or levarterenol. However, 

Such patients may be subject to protracted severemypotension. Difficulty in restarting and 


LA 


.. and sore throat, laryngospasrr 


TABLETS ^N 
- No. 461 —Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles of 10€ 
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maintaining the heart beat has also been reported. 


IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRONCH 
EMPHYSEMA), INDERAL should be administered with caution since it may block broncha 
tion produced by endogenous and exogenous catecholamine stimulation of beta receptor 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrene 
blocking activity, INDERAL may prevent the appearance of premonitory signs and symptor 
(pulse rate and pressure changes) of acute hypoglycemia. This is especially important to k 
in mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a [ 
cipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that tl 
possible risk to mother and/or fetus be weighed against the expected therapeutic benefit. 
bryotoxic effects have been seen in animal studies at doses about 10 times the maximum r 
ommended human dose. 


PRECAUTIONS 
Patients Nosling catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added catecholamine blocking action of this drug 
then produce an excessive reduction of the resting sympathetic nervous activity. Occasion 
the pharmacologic activity of INDERAL may produce hypotension and/or marked bradyce 
resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be ot 
served at regular intervals. The drug should be used with caution in patients with impaired 
or hepatic function. 


ADVERSE REACTIONS 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypoten: 
paresthesia of hands; arterial insufficiency, usually of tne Raynaud type; thrombocytopenic 
purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, | 
tude, weakness, fatigue; reversible mental depression progressing to catatonia; visual dist 
bances; hallucinations; an acute reversible syndrome characterized by disorientation for ti 
and place, short term memory loss, emotional lability, slgnty clouded sensorium, and de- 
creased performance on neuropsychometrics — 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, c 
stipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with achir 
d respiratory distress 

Respiratory: bronchospasm et 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpu 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin, s 
ous membranes and conjunctivae reported for a beta blocker (practolol) have not been co 
sively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe hear 
ease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase 


-DOSAGE AND ADMINISTRATION 
The dosage range for INDERAL is different for each indication. 
ORAL . 

ANGINA PECTORIS— Dosage must be individualized. Starting with 10-20 mg three or foi 
times daily, before meals and at bedtime, dosage should be gradually increased at three tc 
seven day intervals until optimum response is obtained. Although individual patients may r 
spond at any dosage level, the average optimum dosage appears to be 160 mg per day. In 
angina pectoris, the value and safety of dosage exceeding 320 mg per day have not been 
established. 

If treatment is to be discontinued, reduce AA N gradually Over a period of several wee 
(See WARNINGS.) 


PEDIATRIC DOSAGE «4 1 ^ i 
At this time the data on the use of me drug inthis age group a are too limited to permit ade- 
quate directions for use. 


OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING Nv 
SURES SHOULD BE EMPLOYED: n 

BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPON 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE— DIGITALIZATION AND DIURETICS - 
... HYPOTENSION— VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE (THERE 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE) 

m a o Seat ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED 
INDERAL 
_ (propranolol hydrochloride) 


.. 1,000. Also in unit dose package of 100. 


e 462— Each scored tablet contains 20 mg of propranolol hydrochloride, in bottles of 10( 


1,000. Also in unit dose package of 100. 
No. 464—Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 10€ 
1,000. Also in unit dose package of 100. 
jw; 468— Each scored tablet contains 80 mg of propranolol hydrochloride, in bottles of 10€ 
~ 1,000. Also in unit dose package of 100. " 


INJECTABLE 
No. 3265— Each ml contains fing ot propranolol hydrochloride in Water for Injection. The ¢ 
adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 


cmn 1. Dagenais, G.R., Pitt, B., and Ross, R.S.: Am. J. Cardiol. 28: 10 (July) 1971. 

2. Ginn, W.M., and Orgain, E.S.: J.A.M.A. 198: 192 (Dec. 12) 1966. 3. Zeft, H.J., Patterson, S 
and Orgain, E.S.: Arch. Intern. Med. 124:578 (Nov.) 1969. 4. Dunér, H., and Pefnow, B.:Acti 
Med. Scand. 194:517 (Dec.) 1973. 5. Zsotér, T.T., and Beanlands, D.S.: Areń. Intern. Med. 
124:584 (Nov.) 1969. 6. Wiener, L., Dwyer, E.M., and Cox, J.W.: Circulation. 39:623 (May) 15 
7. Shand, D.G.: Drug Therapy 8:53 (July) 1978. 8. Cohen, L.S., in Braunwald, E. (ed): Beta- 
Adrenergic Blockade, A New Era in Cardiovascular Medicine: Proceedings of an Internatic 
Symposium, New York, Excerpta Medica/Elsevier, 1978, pp. 143-151. 
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New York, N.Y 10017 


^ Hello, Clinical Data!?...when we cancelled your - 
Holter service last year to goto a cheaper service’... 
well...we...| was wondering if... 





We callit the "lowest bidder 
syndrome." 


The Problem. 


Subscribing to a Holter service 
by calculator rather than quality. 


The Symptoms. 
Paying less... and getting less. 

Less recording capability. Due 
to artifact prone recorders. Re- 
charged batteries that really ought 
to come with jumper cables. And 
patient cables you wouldn't use to 
string twinkle lights on your 
Christmas tree. 

Less reviewing capability. Due 
to skeleton crews, fewer shifts, 
and the use of flickering superim- 
position techniques that could 
make any technician run to a disco 
just to rest her eyes. 

Less reporting quality. Due to 
unsubstantiated ectopic summa- 
res (which may be automatically 
generated). 


Because of fewer tracings in 
support of reported abnormali- 
ties. And because of presentation 
formats that can be harder to 
read (and pronounce) than 
Dostoyevski in Hindustani. 


The Cure. 

Choose Clinical Data, and stay 
with Clinical Data. Get more, and 
more, and more... of More. 

More recording capability. 
Because of an FM recorder that 
is less prone to artifact. And that 
uses one-time-only disposable 
batteries. 

More reviewing capability. 
Because of our many reviewing 
systems that operate 24-hours a 
day, seven days a week. Because 
of our own Stein/Peterson" 
Technique in which the entire 
recording 1s presented in consec- 
utive two-minute segments on a 
19-inch screen at a rate controlled 
by the examiner. 





© oan fe 


More reporting capability. Be- 
cause of a report that includes 
standard ECG strips, hourly hear 
rate, and graphic and numerical 
quantitation of up to eight differ- 
ent ectopic foci validated by the 
examiner. 

More quality control. Because 
each report is reviewed before it 
is delivered, and because our 
separate Q.C. department rou- 
tinely checks each examiner. 

Even if you've seen one of 
Clinical Data’s LCG Reports, yot 
haven't really seen one of Clinical 
Data's new LCG Reports. We've 
made the best even better. Call 
or write. We'll send you one. 


Clinical Data, Inc. 
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778 Relation of Exercise-induced Physiologic S-T Segment Depression to R Wave Amplitude in Normal 


Subjects 


MYRON C. GERSON, STEPHEN N. MORRIS and PAUL L. McHENRY 


Exercise electrocardiographic data obtained in 100 asymptomatic male volunteers with a mean age of 42.6 
years demonstrated a significant relation between the magnitude of R wave and total RS amplitudes and the 
magnitude of physiologic S-T segment depression. These findings suggest a need to evaluate S-T depression 
corrected for R wave amplitude because the sensitivity and specificity of the exercise electrocardiogram may 
be improved by correcting the amount of S-T depression for the magnitude of R wave amplitude. Criteria for ab- 
normal S-T depression should include consideration of the different R wave voltages in the different types of re- 
cording leads. 


EXPERIMENTAL STUDIES 


783 Continuous Fractionated Electrical Activity After Stimulation of the Ventricles During the Vulnerable 


Period: Evidence for Local Reentry 


DAVID E. EULER and E. NEIL MOORE 


Ventricular multiple extrasystoles and fibrillation were induced in open chest dogs by the delivery of a single 
electrical pulse or a train of pulses to the right ventricle during the vulnerable period of the cardiac cycle. The 
presence of continous local electrical activity before the development of multiple extrasystoles and fibrillation 
supports the thesis that the ventricular fibrillation threshold technique operates by producing local reentrant ac- 
tivity. The current required to produce continuous electrical activity and fibrillation with a train of pulses in this 
study was consistently less than that required for a single pulse. When continuous electrical activity disappeared 
during a run of extrasystoles, there was prompt resumption of normal sinus rhythm. Also, when such continuous 
electrical activity was produced by a single stimulus during the vulnerable period, it could be abolished by a sec- 
ond stimulus delivered during the protective zone. 


792 Electrophysiologic Effects of Disopyramide Phosphate on Reentrant Ventricular Arrhythmia in 


Conscious Dogs After Myocardial Infarction 


EUGENE PATTERSON, JOHN K. GIBSON and BENEDICT R. LUCCHESI 


Evaluation of the electrophysiologic actions of disopyramide phosphate on reentrant ventricular tachycardia in 
conscious dogs 2 to 4 days after myocardial infarction demonstrates plasma therapeutic concentration in ex- 
cess of the normal therapeutic range of 2 to 4 ug/ml are necessary to prevent ventricular tachycardia or fibrilla- 
tion, or both. Lesser concentrations of 1.02 + 0.02 ug/ml increased the rate and duration of ventricular tachy- 
cardia as well as the duration of the interval during which premature ventricular stimuli produced ventricular 
tachycardia. Subtherapeutic concentrations may facilitate the development of reentrant ventricular arrhythmia 
in the electrically unstable heart. There is evidence that plasma concentrations of antiarrhythmic agents neces- 
sary to prevent sudden coronary death may be higher than currently accepted “therapeutic” concentrations. 
However, the negative inotropic effect of disopyramide may preclude the use of higher dosage regimens in pa- 
tients with compromised left ventricular function. 


800 The No Reflow Phenomenon: A Time-Limiting Factor for Reperfusion After Coronary Occlusion? 


A22 


JOHN R. DARSEE and ROBERT A. KLONER 


The "no reflow" phenomenon, as analyzed in 33 dogs, does not determine the critical time for salvageability of 
infarcted myocardium by revascularization because the area of no reflow is surrounded by necrotic but reperfu- 
sable tissue. Reperfusion does not increase the quantity of ischemic tissue that becomes necrotic. The area of 
necrosis expressed as a percent of the area at risk was significantly smaller for dogs with 2 or 4 hours of occlu- 
sion and reperfusion than for dogs with longer periods of occlusion and briefer periods of reperfusion. The quan- 
tity of ischemic but still viable tissue is influenced primarily by the duration of the period between the onset of 
ischemia and the time of the intervention, and not by the existence, distribution or spatial geometry of the no flow 
phenomenon. Although the occurrence of the no reflow phenomenon in human subjects has not yet been deter- 
mined, its presence could have important clinical implications for drug therapy and coronary bypass grafting. 


continued on page A26 
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Even among patients with DBP in the low 90. 
systematic therapy significantly 


reduced mortality: 


m Of nearly 11,000 hypertensives identified by the Hypertensic 
Detection and Follow-up Program, slightly more than 70% he 
mild hypertension (DBP 90-104 mm. Hg).' 


m Half were given systematic and aggressive care in HDFP ce 
ters; half were referred to customary sources of medical care 


m After 5 years, HDFP found that effective treatment of mild 
hypertension may reduce premature deaths by 2076." 


m As part of HDFP's systematic treatment and follow-up pro- 
gram, the primary step-1 agent was chlorthalidone: Hygroton 


The primary agent used by the HDFP 


Hvgroton25-. 
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in an effective low dose 


(chiorthalidone USP) 


Because there's nothing mild 
about mild hypertension 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in edema. Contraindications: Anuria, hypersensitivity to 
chiorthalidone or other sulfonamide-derived drugs. Warnings: Should be used with caution in severe renal 
disease, impaired hepatic function or progressive liver disease. May add to or potentiate the action of other 
antihypertensive drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma 
There is a possibility of exacerbation or activation of systemic lupus erythematosus with thiazides, which are 
related to chiorthalidone. This has not been reported with chlorthalidone. Thiazides cross the placental barrier and 
appear in cord blood. Use in pregnant women requires that the anticipated benefits of the drug be weighed against 
possible hazards to the fetus. These hazards include fetal or neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placental barrier 
and appear in breast milk. If use of the drug is essential, the patient should stop nursing. 

Precautions: Periodic determination of serum electrolytes to detect possible electrolyte imbalance should be 
performed at appropriate intervals. All patients receiving chlorthalidone should be observed for clinical signs of 
fluid or electrolyte imbalance; namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum and urine 
electrolyte determinations are particularly important when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop 
with chlorthalidone as with any other potent diuretic, especially with brisk diuresis, when severe Cirrhosis is 
present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electrolyte intake 
will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially 
with reference to myocardial activity. Any chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver disease or renal disease). Dilutional hyponatremia 
may occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain 
patients. Insulin requirements in diabetic patients may be increased, decreased, or unchanged and latent diabetes 
mellitus may become manifest. Chlorthalidone and related drugs may increase the responsiveness to tubocurarine 
The antihypertensive effects of the drug may be enhanced in the postsympathectomy patient. Chlorthalidone and 


related drugs may decrease arterial responsiveness to norepinephrine. If progressive renal impairment becomes 
evident, as indicated by a rising nonprotein nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given to withholding or discontinuing diuretic therapy. Chlorthalidone and related 
drugs may decrease serum PBI levels without signs of thyroid disturbance. Adverse Reactions: Anorexia, gastric 
irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, xanthopsia; leukopenia. agranulocytosis, 
thrombocytopenia, aplastic anemia; purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypotension may occur and may 
be aggravated by alcohol, barbiturates or narcotics. Other adverse reactions include hyperglycemia, glycosuria, 
hyperuricemia, muscle spasm, weakness. restlessness, impotence. Whenever adverse reactions are moderate or 
severe, chlorthalidone dosage should be reduced or therapy withdrawn 

Usual Dose: One tablet daily. How Supplied: Tablets— 100 mg. (white, scored). 50 mg. (aqua) in bottles of 100, 
1000 and 5000; 25 mg. (peach) in bottles of 100 and 1000; unit-dose blister packs, boxes of 100 (10 x 10 strips) 


References: 

1. Five-year Findings of the Hypertension Detection and Follow-up Program: 1. Reduction in Mortality of Persons 
With High Blood Pressure, Including Mild Hypertension, JAMA 242: 2562, Dec. 7, 1979. 2. Payne, GH. 
Presentation of HDFP findings (Nov. 27, 1979), data on file, USV Laboratories. 


USV Laboratories Inc. 
LABORATORIES Manati, P.R. 00701 









In noninvasive diagnosis, 
superior image quality provides 
the greatest assurance of rapid and 
reliable diagnosis, and maximum 
patient throughput. The ATL Mark lll 


Cardiology System is 
designed to routinely 
provide ultrasound 
images of this 
outstanding 

quality. 
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Why are ATL images 
outstanding? 


The images produced by th: 
Mark III Cardiology System 
clearly demonstrate its abili 
produce quality. We invite yi 
to examine the left ventricu 
posterior wall. Notice the sh 
resolution of the endocardie 
surface enabling analysis of 
motion, wall thickness and | 
ventricular chamber size. B 
optimizing the gray scale di: 
bution curve, ATL images ch 
define the endocardium, epi 
cardium and pericardium foi 
your study. Further, the card 
valves are accurately define 
And the cavities are clean a 
clearly imaged. 
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A systems approach to 


clinical Sapenilitics. 


Although the Mark IH Cardiology 
System produces ultrasound 
images of outstanding quality, its 
clinical capabilities don't stop 
there.The system isalso modular . 


Consider the value/price/ | $ ecial offer. Acoustic 
performance ratio. | Windows” wali chart. 


When you compare image To help you see for yourself w 
quality and other key benefits, | ATL images are outstanding, v 
you will find that the Mark HI have prepared a wall chart, . 
Cardiology System provides the "Acoustic Windows The Eche 
most favorable value/price/ |] cartographic Examination; 
with the capability of being performance ratio in the field. which we will be happy to sup} 
upgraded by addition of pulsed For complete technical details, you on request. 
Doppler flow detection. itis fully | please contact your local ATL imis 
mobile for critical care exam- representative or call or write 
inations, and provides a choice 
.of 3 MHz high resolution scan 
head for adult examinations or 
an optional 5 MHz scan head for 
neonatal use. | 
Because of its superb. digital 
scan conversion, the Mark Ill. 
Cardiology System offers both 
2-D video format with an excel- 
lent freeze frame which is ECG- 
triggered and digital M-Mode. | 
Also available is a new line scan 
recorder that makes excellent 
hard copy availa ble for your 
records. 


| 
| 
| Advanced Technology 
- Laboratories, Inc. 
13208 Northup Way x d 
bus Mark HE 


Bellevue, WA 98005 | 
n Gardiology System 


(206) 641-5410 
Cable ECHODOPLER 
TWX 910 443-2310 
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Short axis of left ventrict e from parasteria] WII don 
cursor-triggered freeze | 


LV=left ventricle. RVO- right ventricular outflow. LV=left ventricle, RV=right ver 
Ao=aorta. LA=left atrium. Arrow=ECG « 


"Longa axis view, i Derasdoral window Sli ight medial 
angulation reveals papillary muscles (arrow). 


MARK IlI CARDIOLOGY SYSTE 


World leader in clinical ultrasound ' 






CONTENTS 





METHODS 


807 Methodologic Problems of Exercise Testing for Coronary Artery Disease: Groups, Analysis and Bias 


JOHN T. PHILBRICK, RALPH I. HORWITZ and ALVAN R. FEINSTEIN 


Exercise testing remains controversial as a diagnostic test for coronary artery disease because of methodologic 
problems that produce a wide range of sensitivity (35 to 88 percent) and specificity (41 to 100 percent). In this 
review of 33 studies of 7,501 patients subjected to stress testing and coronary angiography, there was general 
compliance with only one of the seven standards used in this evaluation—adequate analysis of anatomic le- 
sions. Less than half of the studies complied with any of the remaining six standards. The main conclusion is that 
exercise testing research should be made more clinically relevant. For this, investigators must pay greater atten- 
tion to the basic methodologic design of patient selection, data collection and data analysis. But even with an im- 
proved basic design, the sensitivity and specificity of an exercise test may remain highly variable because the 
coronary arteriogram measures anatomic abnormalities whereas the exercise test measures the heart's physio- 
logic response to increased work. 


813 Peak Systolic Blood Pressure/End-Systolic Volume Ratio: Assessment at Rest and During Exercise 


in Normal Subjects and Patients With Coronary Heart Disease 


ROBERT SLUTSKY, JOEL KARLINER, KENNETH GERBER, ALEXANDER BATTLER, VICTOR FROELICHER, 
GABRIEL GREGORATOS, KIRK PETERSON and WILLIAM ASHBURN 


Using equilibrium radionuclide angiography to determine end-systolic volume and the systolic blood pressure ob- 
tained by cuff sphygmomanometer to determine peak systolic pressure these investigators found that the end- 
systolic pressure/volume ratio is a useful index of left ventricular performance. In some patients this ratio during 
supine exercise stress is more sensitive than the ejection fraction in identifying the presence of left ventricular 
dysfunction. The limitations of the method depend on the variability of the radionuclide technique and the accura- 
cy with which the peak systolic blood pressure can represent the peak left ventricular systolic pressure. The 
noninvasive result tends to overestimate the actual ratio mainly because the brachial arterial pressure reflects 
an amplified left ventricular pressure wave secondary to the arterial compliance and pressure waveform of re- 
flectance. 


821 Influence of Coronary Artery Disease on Pulmonary Uptake of Thallium-201 


JOHN B. BINGHAM, KENNETH A. McKUSICK, H. WILLIAM STRAUSS, CHARLES A. BOUCHER and 
GERALD M. POHOST with the technical assistance of FREDERICK A. GODLEY 


Animal and human studies on the pulmonary uptake of thallium-201 suggest that the increased pulmonary con- 
centration of this isotope during exercise is a consequence of left ventricular failure. In dogs balloon obstruction 
of the left atrium (which increased mean left atrial pressure and pulmonary transit time) and the administration 
of acetylcholine (which prolonged pulmonary transit time only) increased the extraction fraction of thallium-201 
by the lungs from the basal value of 0.09 + 0.009 at rest to 0.19 + 0.02. Quantitation of lung activity of 86 pa- 
tients indicated that the increased ratio of initial/final pulmonary thallium-201 activity in 30 patients with multi- 
vessel coronary artery disease was due to a transient absolute increase in the thallium-201 concentration imme- 
diately after maximal exercise. Increased lung uptake in the initial images of a thallium stress study should alert 
the observer to an underlying impairment of left ventricular function. 


827 Effect of Selective Coronary Arteriography on Left Ventricular Volumes and Ejection Fraction in Man 


A26 


LAWRENCE STERN, BRIAN G. FIRTH, GREGORY J. DEHMER, STACEY M. JOHNSON, ROY V. MARKHAM, 
SAMUEL E. LEWIS and L. DAVID HILLIS 


Contrast left ventriculography and selective coronary arteriography are associated with complex changes in 
ventricular function and circulatory hemodynamics. In this study of 30 patients with assorted cardiac diseases 
selective coronary arteriography consistently increased left ventricular end-diastolic pressure from 13.0 + 6.5 
mm Hg before coronary arteriography to 16.1 + 7.0 mm Hg immediately after but did not affect left ventricular 
volumes or ejection fraction, even in those with severely compromised left ventricular function. Intracardiac 
pressures should therefore be measured before the injection of radiographic contrast material, but left ventricu- 
lar volumes and ejection fraction can be quantitated at any time during catheterization. It may be preferable to 


assess coronary arterial anatomy first in patients in clinically unstable condition and then evaluate left ventricular 
volumes and ejection fraction. 


continued on page A32 
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yridamole. 





dipyridamole 


INDICATIONS—Based on a review of this drug by 
the National Academy of Science-National Research 
Council and /or other information, FDA has classified 
the indication as follows 


"Possibly" effective: For long-term therapy of chronic 
angina pectoris. Prolonged therapy may reduce the 
frequency or eliminate anginal episodes, improve ex- 


ercise tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the acute 
anginal attack. 


Final classification of the less-than-effective indica- 
tions requires further investigation 





CONTRAINDICATIONS—No specific 
contraindications are known. 


PRECAUTIONS —Since excessive 
doses can produce peripheral vasodila- 
tion, the drug should be used cautiously 
in patients with hypotension. Persantine 
tablets, 25 mg, contain FD&C Yellow No 
5 (tartrazine) which may cause allergic- 
type reactions (including bronchial 
asthma) in certain susceptible in- 
dividuals. The incidence of sensitivity 

is generally low, but frequently seen in 
patients with aspirin hypersensitivity 


ADVERSE REACTIONS-— Adverse reac- 


tions are minimal and transient at 


recommended dosages. Instances of 
headache, dizziness, nausea, flushing, 
weakness or syncope, mild gastroin- 
testinal distress and skin rash have been 
noted during therapy. Rare cases of 
what appeared to be an aggravation of 
angina pectoris have been reported, 
usually at the initiation of therapy. On 
those uncommon occasions when ad- 
verse reactions have been persistent or 
intolerable, withdrawal of medication 
has been followed promptly by cessa- 
tion of undesirable symptoms 


DOSAGE AND ADMINISTRATION— 
The recommended dosage is 50 mg 


three times a day, taken at least one 
hour before meals. In some cases 
higher doses may be necessary but a 
significantly increased incidence of side 
effects is associated with increased 
dosage. Clinical response may not be 
evident before the second or third 
month of continuous therapy 


Tablets of 25 mg and 75 mg 


For complete details, please see the full 
prescribing information 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 
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Sensitivity 
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pacers in a class of their own 


BIOTRONIK Sales, Inc.; 6024 S.W. Jean Road, B-4; Lake Oswego, Oregon 97034: (outside Oregon) 1-800-547-0394: (Oregon customers) 503-634 
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Bayer Aspirin 


For reducing the risk of transient ischemic attacks 
or stroke in men who have had transient ischemia c 
the brain due to fibrin platelet emboli 


THE DAWN 
OF A NEW ERA 
IN PREVENTIVE 
MEDICINE 






Recently, an official government bulletin 
indicated that the following professional 
guideline labeling will be published: 





There is evidence that aspirin is safe and effec- 
tive for reducing the risk of recurrent transient 
ischemic attacks or stroke in men who have had 
transient ischemia of the brain due to fibrin 
platelet emboli. 

There is no evidence that aspirin is effective 
in reducing TIA's in women, or is of benefit in the 
treatment of completed strokes in men or women. 

Patients presenting with signs and symptoms 
of TIAs should have a complete medical and 
neurologic evaluation. 

Consideration should be given to other dis- 
orders which resemble TIA's. 

It is important to evaluate and treat, if appro- 
priate, other diseases associated with TIA's and 
stroke, such as hypertension and diabetes. 

The recommended dosage for this new indi- 
cation is 1,300 mg/day (650 mg twice/day or 
325 mg four times a day). 




























Prostaglandin inhibition— 
the key to aspirin's succes: 


With the ability of aspirin to reduce the risk of recu 
rent TIAs and stroke clearly demonstrated in tw 
major multicenter studies)? physicians througho 
the country can now provide their own TIA patien 
with the prophylactic benefits of Bayer Aspirin. 


At the same time, important new research 
being conducted to determine the full scope | 
aspirin benefits in vascular disease...and in mar 
other disorders involving prostaglandin synthesis 


It has become apparent that many of aspirir 
therapeutic effects — including its analgesic, an 
pyretic, anti-inflammatory and  antithrombot 
actions, can be traced entirely, or in part, to i 
ability to inhibit prostaglandin formation. 


Prostaglandins are produced by every orga 
in the body with far reaching effects? In vascule 
disease, for example, it is the excess productic 
of the prostaglandin derivative, thromboxane A 
that can ultimately lead to embolus formation. 





| Cross-section of artery —artist s interpretation of 
circulating platelets encountering area of erosion in arterial wall. 


SUBENDOTHELIUM TISSUE 





Cerebrovascular clot formation begins when 
platelets circulating in the blood encounter an area 
of vascular erosion (usually predisposed by athero- 
sclerosis)...with its exposed subendothelial tissue 
and collagen. 





Through a series of prostaglandin interac- 
tions, a platelet collagen reaction takes place— 
first provoking platelet adhesion, then stimulating a 
self-perpetuating process of secretion, and finally, 
aggregation. Once formed, thrombi may dislodge. 





By inhibiting platelet cyclo-oxygenase, an enzyme 
that mediates prostaglandin formation, aspirin in- 
hibits thromboxane synthesis, prevents adhesion 
and thrombus formation and precludes thrombus 
dislodgment and subsequent TIA or stroke. 


Bayer Aspirin and 
continuing investigations 


Of the large number of pharmaceutical agents 
capable of altering platelet function, only aspirin 
has been shown to produce effects that are irre- 
versible for the life of the platelet.^ 

Thus, the use of aspirin is being intensively 
investigated in a number of possible new clinical 
areas in which its antiplatelet, prostaglandin- 
inhibiting effects may be beneficial. 

Not surprisingly, Bayer Aspirin has been the 
aspirin chosen for a large number of past and 
present studies. Bayer Aspirin actually exceeds 
U.S.P. requirements in critical areas such as aspirin 
content per tablet, disintegration time and free 
salicylic acid content. Over 100 quality-control tests 
help assure that the therapeutic dose recom- 
mended is the dose patients receive. 

The Bayer Company is pleased not only to lend 
its Continuing support to wide-ranging investiga- 
tional studies, but to provide the medical community 
with comprehensive services and materials con- 
cerning aspirin. 

The ability to reduce the risk of TIA or stroke 
with a drug as widely accepted, well tolerated and 
inexpensive as Bayer Aspirin, certainly represents 
the dawn of a new era in preventive medicine. 
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2. The Canadian Cooperative Study Group: N. Engl. J. Med. 
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3. Robinson, D.W.: Resident & Staff Phys: 25:92 (Feb) 1979. 

4. Fields, W.S. Drugs 18:150, 1979. 
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832 Semiautomated Method for Evaluation of Left Ventricular Regional Wall Motion in Coronary Artery 


Disease 


SANFORD E. WARREN, VALMIK BHARGAVA, WALTER V.R. VIEWEG, GEORGE W. DENNISH, 
JOSEPH S. ALPERT and ARTHUR D. HAGAN 


This correlation of subjective visual inspection of regional left ventricular wall motion with objective computer- 
determined percent change in the square root of the area between systolic and diastolic outlines in 436 ventricu- 
lograms suggests that the latter technique is valuable as both a check on subjective ventriculographic readings 
and a permanent quantitative document. This study was not designed to and does not resolve whether, the com- 
puter or the subjective technique is more correct, but it examines objective regional wall motion analysis in the 
light of current practice (subjective analysis). 


837 High Speed Rotating Scanner for Transesophageal Cross-Sectional Echocardiography 


KOHZOH HISANAGA, ASAKO HISANAGA, NORIO HIBI, KINYA NISHIMURA and TADASHI KAMBE 


Use of a newly developed transesophageal ultrasonic rotating scanner that rotates a single transducer through 
a full 360° in the esophagus at a rate of 15 to 50 cycles produced high quality images of most portions of the 
heart with no serious complications and only slight gagging. This system provides a wider area for study of the 
heart than is available with a conventional external system. Future applications include the detection of left atrial 
thrombus, demonstration of a much larger area of both ventricles than is obtained with external views, and easi- 
er analysis of right and left ventricular anterior wall motion and of valve diseases and disorders. As yet, this 
method is difficult to perform in infants or children without sedation. 


PEDIATRIC CARDIOLOGY 


843 Prognostic Significance of Arrhythmia in Tetralogy of Fallot After Intracardiac Repair 


HANS U. WESSEL, CHRISTIAN K. BASTANIER, MILTON H. PAUL, TERESA E. BERRY, ROGER B. COLE and 
ALEXANDER J. MUSTER 


This study of the significance of arrhythmia and conduction defects in 395 patients subjected to intracardiac re- 
pair of tetralogy of Fallot between 1958 and 1976 shows no tachyarrhythmias, less first degree atrioventricular 
block and more complete right bundle branch block in patients more recently operated on. The overall incidence 
of arrhythmia events on routine electrocardiography was 19 percent. There was not a large incidence of severe 
ventricular arrhythmia when ventricular ectopic rhythm was present at rest. In the majority of these patients ven- 
tricular arrhythmia was suppressed when the sinus rate approached or exceeded the rate of the ectopic pace- 
maker during exercise. Exercise induced no tachyarrhythmia. Arrhythmias were least common in patients with 
primary intracardiac repair and more common in those with palliation before intracardiac repair or with multiple 
intracardiac repairs. Patients with arrhythmia or bifascicular block usually had a benign course without strong 
evidence of arrhythmia progression. 


849 Pulsed Doppler Echocardiographic Evaluation of the Cyanotic Newborn: Identification of the 


A32 


Pulmonary Artery in Transposition of the Great Arteries 


JAMES GEOFFREY STEVENSON, ISAMU KAWABORI and WARREN G. GUNTHEROTH 


In a series of 68 cyanotic neonates with two ventricles and two great vessels, pulsed Doppler echocardiography 
established that ductal patency is prevalent in the cyanotic neonates, that detection of ductal flow can define the 
pulmonary artery and that such definition helps resolve the question of transposition of the great arteries in in- 
fants with a relation of the great vessels that is neither normal nor suggestive of transposition. On M mode exam- 
ination the relations of the great vessels were normal in 43 infants; pulsed Doppler echocardiography detected 
a patent ductus arteriosus flowing into a normally positioned pulmonary artery in all. The cyanosis in all 43 was 
later proved to be of pulmonary origin. Pulsed Doppler echocardiography equipment is less expensive. The 
method provides physiologic input into the great vessel diagnosis by identifying the pulmonary artery and screen- 
ing for severe pulmonary hypertension and intracardiac defects that may not be detectable by other noninvasive 
means. It reduces the need for cyanotic neonates to undergo cardiac catheterization. 


continued on page A38 
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You know the Burdick EK-8 
‘cords a complete 12-lead ECG 
jtomatically...in less than 
3 seconds. 

That's impressive in a 
ngle-channel cardiograph. 

But there s another important 
irt to the EK-8 story. 

The EK-8 was designed to 
ive physician and staff time. And 
hile it makes good sense to save 
ne recording the ECG, think of 
e additional time-saving benefits 
hen you can mount and file the 
CG in less time than it takes to 
‘cord the 12-lead tracing. 
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That's why the EK-8 fast 
mounting system is important to 
you. The answer is in our unique 
card and folder-format mounts. 
When the ECG is recorded, the 
technician takes the complete 
tracing, with each lead already 
clearly marked, and quickly 
positions it on the pressure- 
sensitive card or folder-format 
mount. No die-cutting. No pasting 
or taping. It's ready for filing. 

It can take less than a minute to 
record and mount the ECG. 

The Burdick mounting system. 
Because the ECG isnt complete 
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is a fast recorder, 


T seehow it saves mounting time! 
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until the paperwork's done. 

Find out how the EK-8 can 
increase your ECG productivity.. 
from start to finish. Call or write 
The Burdick Corporation, 

Milton, Wisconsin 53563. 


[ 
BURDICK 


A concern for Cardiac Care 


Toll-free 800-356-0701 
In Wisconsin 608-868-76: 
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potassium chloride 
slow-release tablets 8 mEq 





When compliance with liquid K supplements is a problem* 


Accepted 


A leading cardiology 
textbook clearly defines 
why Slow-K has become 
the accepted therapy 
for more and more patients 
who require a potassium 
supplement: 

“All liquid potassium 
preparations are associated 
with some incidence of 
unpleasant side effects such 
as unpalatability, nausea, 
vomiting, abdominal cramps, and 
occasionally diarrhea." 

However, Slow-K "... appears to 
have greater patient acceptability than 
comparable doses of liquid potassium 
chloride compounds." 


Controlled 


Slow-K provides controlled release 
of potassium into the gastrointestinal 
tract. One comparative study found 
that it caused less nausea, heartburn, 
and diarrhea than liquid KCl 
preparations. 


C I B A 





Economical 


The cost of a day's 
therapy with Slow-K is 
minimal. With its excellent 
record of efficacy, safety, 
and patient acceptability, 
Slow-K is number one at 
any price. 


* Slow-release potassium chloride tablets 
should be reserved for patients who 
cannot tolerate, refuse to take, or have 
compliance problems with liquid K prepa- 
rations because of reports of Gl ulceration 
and bleeding with slow-release KCI tablets 
(total number of GI lesions in both foreign 
countries and the United States remains less than one per 
100,000 patient-years). The incidence of lesions with enteric- 
coated KCI tablets is 40-50 per 100.000 patient-years 
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2. Tarpley EL. Controlled-release potassium supplementation 
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Please turn page for brief prescribing information. 


Used in over 
4 million patients 
in the U.S. alone’... 


Slow- 





OLUYY-A" hne. diio j 
potassium chloride slow-release tablets 


DESCRIPTION AI 

Slow-K is a Sugar-coated (nqt enteric-coated) tablet containing 600 mg potas- 
sium chloride (equivalent to 8 mEq) in a wax. matrix. This formulation is in- 
tended to provide a controlled release of potassium from the matrix to 
minimize the likelihood of producing high localized concentrations of potas- 
sium within the gastrointestinal tract 


INDICATIONS 
BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
AND BLEEDING WITH SLOW- RELEASE POTASSIUM CHLORIDE PREP- 
ARATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- 
FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 
1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis; in digitalis intoxication and in patients with hypokalemic familial 
periodic paralysis. 
2. For prevention of potassium depletion when the dietary intake of potassium 
is inadequate in the poti conditions: Patients receiving digitalis and 
diuretics for congestive heart failure; hepatic cirrhosis with ascites; states o! 
aldosterone excess with normal renal function; potassium-losing nephropathy, 
and certain diarrheal states. 
3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a nor- 
mal dietary pattern. Serum potassium should be checked periodically, how- 
ever, and, if hypokalemia occurs. dietary supplementation with potassium- 
containing foods may be adequate to control milder cases. In more severe 
cases supplementation with potassium salts may be indicated. 
CONTRAINDICATIONS 
In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia may 
complicate any of the following conditions: chronic renal failure. systemic 
acidosis such as diabetic acidosis, acute dehydration, extensive tissue 
breakdown as in severe burns, adrenal insufficiency, or the administration of a 
potassium-sparing diuretic (eg. spironolactone, triamterene). 
Wax-matrix potassium chloride preparations have produced esophageal ul- 
ceration in certain cardiac patients with esophageal compression due to 
enlarged left atrium. 
All solid dosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through the 
G.I. tract. In these instances, potassium supplementation should be with a 
liquid preparation. 
WARNINGS 
Hyperkalemia: In patients with impaired mechanisms for excreting potassium. 
administration of potassium salts can produce hyperkalemia and cardiac 
arrest. This occurs most commonly in patients given potassium intravenously 
but may also occur when given orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic. Use of potassium salts in patients with 
chronic renal disease, or any other condition which impairs potassium excre- 
tion, requires particularly careful monitoring of the serum potassium concen- 
tration and appropriate dosage adjustment. 
Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a potassium- 
sparing diuretic (eg, spironolactone or triamterene). since the simultaneous 
administration of these agents can produce severe hyperkalemia 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowe! wall and thereby produces 
obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride and thus to 
minimize the possibility of a high local concentration of potassium ion near the 
bowel wall. While the reported frequency of small-bowel lesions is much less 
with wax-matrix tablets (less than one per 100,000 patient-years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient-years) 
cases associated with wax-matrix tablets have been reported both in foreign 
countries and in the United States. In addition, perhaps because the wax- 
matrix peeperations are not enteric-coated and release potassium in the 
Stomach, there have been reports of upper gastrointestinal bleeding as- 
sociated with these products. The total number of gastrointestinal! lesions 
remains less than one per 100,000 patient-years. Siow-K should be discontin- 
ued immediately and the possibility of bowel obstruction or perforation con- 
sidered if severe vomiting, abdominal pain, distention, or gastrointestinal 
bleeding occurs. 
Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium citrate, or potassium acetate. 
PRECAUTIONS 
Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in 
a patient with a clinical history suggesting some cause for potassium depie- 
tion. In interpreting the serum potassium level, the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia in the absence of a 
deficit in total body potassium, while acute acidosis per se can increase the 
serum potassium concentration into the normal range even in the presence of 
a reduced total body potassium. Treatment of potassium depletion, particu- 
larly in presence of cardiac disease, renal disease, or acidosis, requires 
careful attention to acid-base balance and appropriate monitoring of serum 
electrolytes, electrocardiogram, and clinical status of patient. 
ADVERSE REACTIONS 
Most common to oral potassium salts: nausea, vomiting, abdominal discom- 
fort, and diarrhea. These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the dose 
with meals, or reducing the dose. 
One of the most severe adverse effects is hyperkalemia (see Contraindica- 
tions and Warnings). There also have been reports of upper and lower 
gastrointestinal conditions including obstruction, bleeding, ulceration and 
perforation (see Contraindications and Warnings): other factors known to be 
associated with such conditions were present in many of these patients. 
Skin rash has been reported rarely. 
DOSAGE 
Usual dietary intake of potassium by the average adult is 40 to 80 mEq per day. 
Potassium depletion sufficient to cause hypokalemia usually requires loss of 
200 or more mEq of potassium from the total body store. 
Dosage must be adjusted to the individual needs of each patient but is 
yoce in the range of 20 mEq per day for prevention of hypokalemia to 
-100 mEq per day or more for treatment of potassium depletion. 
Note: Slow-K slow-release tablets must be swallowed whole and never 
crushed or chewed. 
667112 C78-23 (4/78) 


Consult complete product literature before prescribing. 128-2723-A 
CIBA Pharmaceutical Company 


Division of CIBA-GEIGY Corporation 
Summit. New Jersey 07901 
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Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDICATIONS 


The indications for cardiac pacemaking are increasing as pacemakers become 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indications for long-term cardiac pacing 
include but are not limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; 
(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch 
block; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting with intractable, recurrent, congestive heart 
failure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
who have been shown to benefit from temporary cardiac pacing are considered 
candidates for permanent cardiac pacemaking. 

The indications for permanent pacing in the presence of acute myocardial 
infarction have not yet been rigorously defined. Factors to be considered include 
the location of the myocardial infarct, the presence or absence of symptoms, ven- 


‘tricular rate, mechanism of the arrhythmias, and response to therapy. In general, 


symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 
idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. E) 

There are no known contraindications to the use of pacemakers as a medical 
method for control of heart rate. However, body rejection phenomena such as 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 


CAUTION: Federal (U.S.A.) law restricts this device to sale 


by or on the order of a physician. 


NOTE: The CyberLith and the CyberLith Programmer are currently 
undergoing clinical evaluation. 


Y^ lntermedics lnc. 


Our business is life" 


intermedics inc. 
FREEPORT TEXAS 
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CyberLith ...the most sophisticated 
programming system ever. 










eliable 

The CyberLith all electronic pro- 
ramming system assures reliability by 
liminating phantom or cross-program- 
ring. The use of accurate crystal oscilla- 
ors ensures precision transmission of 
rogramming information. 
afe 

The CyberLith programming safety 
eatures help avoid unnecessary cardiac 
hythm disturbances. Further, it is not 
ecessary to place the pulse generator in 
he asynchronous mode during the pro- 
amming session. The safety features 


e C yDerLI 
programming system. 


Reliable, safe, c 


intermedics inc. 


FREEPORT, TEXAS 
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also allow automatic error identifica- 
tion, preventing transmission of incom- 
patible programming commands. 
Convenient 

The CyberLith programming system 
is fast — all five parameters are pro- 
grammed within 40 milliseconds. 
Available 

CyberLith pacing systems are avail- 
able now! Pulse generators, program- 
mers, leads, telemetry equipment, and 
patient transmitters and receivers. 

As the pioneers of multi-parameter 
programmable pacing technology, 
Intermedics has maintained its role as 
the manufacturer of the most advanced 
systems. Our commitment is to keep in 


onvenient. And available. 
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intermedics inc. ? 
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pace with your desire for excellence 
pacing therapy. 

The CyberLith system is today's 
state-of-the-art. Get to know it. Fo 
more detailed information call or w 
the Intermedics marketing departm 
or contact your local Intermedics 
representative. 


Intermedics ln 


PO. Box 617 Freeport, Texas 77541 
Toll-free: (800) 231-2330 


Our business is life." 





CyberLith is a registered trademark of Intermedi 
© September 1980, Intermedics, Inc. — LAOI4 
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REPORTS ON THERAPY 


855 Efficacy, Plasma Concentrations and Adverse Effects of A New Sustained Release Procainamide 


Preparation 


ELSA-GRACE V. GIARDINA, PAUL E. FENSTER, J. THOMAS BIGGER, Jr., MICHAEL MAYERSOHN, 
DONALD PERRIER and FRANK |. MARCUS 


Sustained release procainamide proved an effective antiarrhythmic agent as indicated by the greater than 90 
percent suppression of ventricular premature depolarizations in 76 percent of 33 patients with this arrhythmia. 
This agent was also potent against complex forms of ventricular arrhythmias, including paired complexes, ven- 
tricular tachycardia and ventricular premature depolarizations with the R on T phenomenon. Adverse drug ef- 
fects, which appeared early in 52 percent of the group, were minor and abated within 24 hours after administra- 
tion of the drug was stopped. There was a relation between high procainamide and N-acetylprocainamide plas- 
ma concentrations and untoward drug effects. The steady plasma drug concentrations attained with the new for- 
mulation allow a longer dosing interval, which is a significant improvement over that of the conventional procain- 
amide preparation. 


863 Further Insights Into Digoxin-Quinidine Interaction: Lack of Correlation Between Serum Digoxin 


Concentration and Inotropic State of the Heart 


PAUL D. HIRSH, HOWARD J. WEINER and ROBERT L. NORTH 


The results of this digoxin-quinidine interaction study in nine healthy human subjects aged 26 to 31 years support 
the theory that quinidine displaces digoxin from tissue-binding sites and, more specifically, from cardiac-binding 
sites. A significant increase of 21 percent was observed in serum digoxin concentrations within 1 to 6 hours 
after a single oral quinidine dose administered 10 hours after the last digoxin dose. After four doses of quinidine 
were given over 24 hours, the serum digoxin concentration increased by 59 percent. Further research is needed 
to determine if this increase in serum digoxin concentration resulting from the digoxin-quinidine interaction is as- 
sociated with an increased or decreased risk of digitalis toxicity and if the recommendation to reduce the mainte- 
nance digoxin dose when concomitant quinidine therapy is initiated is valid. 


DIAGNOSTIC SHELF 


869 Differentiation of Left Ventricular Pseudoaneurysm From True Aneurysm With Two Dimensional 


Echocardiography 


ROBERT P. GATEWOOD, Jr. and NAVIN C. NANDA 


This preliminary study indicates that real time two dimensional echocardiography is a useful and safe noninva- 
sive method for differentiating a pseudoaneurysm from true aneurysm of the left ventricle. Pseudoaneurysm pro- 
duces a bounded echo-free space with a narrow neck that communicates with the left ventricular cavity. The 
maximal internal width of this neck (Omax) of the aneurysmal sac is much smaller than the maximal parallel inter- 
nal diameter (Dmax); the ratio Omax/Dmax never exceeded 0.5. In the true aneurysm the maximal internal width of 
the mouth (Omax) was nearly equal to or actually represented the maximal internal diameter (Dmax); the ratio 
Omax/Dmax ranged from 0.9 to 1.0. 


879 Gallium-67 Citrate Scanning for Noninvasive Detection of Inflammation in Pericardial Diseases 


A38 


JOHN B. O'CONNELL, JOHN A. ROBINSON, ROBERT E. HENKIN and ROLF M. GUNNAR 


Therapy for acute nonspecific pericarditis not complicated by constriction or impending tamponade is contro- 
versial. The development of a noninvasive reproducible technique for detecting and assessing a pericardial in- 
flammatory reaction is necessary before properly controlled clinical studies testing the efficacy of corticoste- 
roids versus nonsteroid agents in nonbacterial pericardial inflammation can be completely interpreted. Data in 
four patients with acute pericarditis indicate that the inflammation-avid isotope, gallium-67 citrate, which local- 
ized in the cardiac silhouette of all, may provide the marker of inflammation and its resolution necessary for the 
success of such therapeutic studies. 


continued on page A43 
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MINIPRESS Effect 
fazosin HU by Redu 


Artist's representation of the lumen of an arteriole, 
dilation of which results in reduced peripheral resistance 
and blood pressure. 





ontrols Hypertensio 
eripheral Resistance 


* MINIPRESS Reduces Mean Arterial 
Pressure 
= MINIPRESS Reduces Total Peripheral 
Resistance 
" MINIPRESS Loes Not Reduce 
Cardiac Index 

...and Maintains These Effects Over 
the Long Term 


Mean Arterial Total Peripheral Cardiac 
Pressure Resistance Index Index 


TALLIS 


Relative hemodynamic changes at rest and during exercise after one year of 
prazosin therapy in 10 hypertensive patients. Adapted from Lund-Johansen! 
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Capsules 1 mg, 
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2 mg, 5 mg 


MIN IPRESS 


AZOSIN HUI) 7era". 


* Effectively lowers elevated blood pressure 
by reducing peripheral resistance. 


* Maintains cardiac output which allows 
patients to maintain an active life style. 


* Maintains renal blood flow and glomerular 
filtration rate so it can be used effectively 


even in patients with renal impairment. 


* Not a CNS agent so patients experience 
few of the troublesome CNS side effects 
that impair their quality of life. 


"Cardiovascular response to exercise is 
preserved so patients are less likely to 
experience the fatigue often associated 
with beta-blocker therapy. 


= A small percentage of patients have 
experienced orthostatic hypotension 
and syncope. 


Hypertension 


Start with |^. 
1mgb.i.d.* 


Initiate therapy 


B.LD. Dosage Titration... 
the Key to Effective 
Controlof A 
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BRIEF SUMMARY 
MINIPRESS® (prazosin hydrochloride) CAPSULES For Oral Use 


INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treatment 
of hypertension. As an antihypertensive drug, it is mild to moderate in activity. It can be 
used as the initial agent or it may be employed in a general treatment program in 
conjunction with a diuretic and/or other antihypertensive drugs as needed for proper 
patient response. 

WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with sudden 
loss of consciousness. In most cases this is believed to be due to an excessive postural 
hypotensive effect, although occasionally the syncopal episode has been preceded by a 
bout of severe tachycardia with heart rates of 120-160 beats per minute. Syncopal 
episodes have usually occurred within 30 to 90 minutes of the initial dose of the drug; 
occasionally they have been reported in association with rapid dosage increases or the 
introduction of another antihypertensive drug into the regimen of a patient taking high 
doses of MINIPRESS (prazosin hydrochloride). The incidence of syncopal episodes is 
approximately 1% in patients given an initial dose of 2 mg or greater. Clinical trials 
conducted during the investigational phase of this drug suggest that syncopal episodes 
can be minimized by limiting the initial dose of the drug to 1 mg, by subsequently 
increasing the dosage slowly, and by introducing any additional antihypertensive drugs 
into the patient’s regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also receiving a beta- 
blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and treated 
supportively as necessary. This adverse effect is self-limiting and in most cases does not 
recur after the initial period of therapy or during subsequent dose titration. 

Patients should always be started on the 1 mg capsules of MINIPRESS (prazosin 
hydrochloride). The 2 and 5 mg capsules are not indicated for initial therapy. 

More common than loss of consciousness are the symptoms often associated with 
lowering of the blood pressure, namely, dizziness and lightheadedness. The patient 
should be cautioned about these possible adverse effects and advised what measures to 
take should they develop. The patient should also be cautioned to avoid situations where 
injury could result should syncope occur during the initiation of MINIPRESS (prazosin 
hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in animal testing, 
the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not been 
established. MINIPRESS (prazosin hydrochloride) is not recommended in pregnant 
women unless the potential benefit outweighs potential risk to mother and fetus. 

Usage in Children: No clinical experience is available with the use of MINIPRESS 

(prazosin hydrochloride) in children. 
ADVERSE REACTIONS: The most common reactions associated with MINIPRESS 
(prazosin hydrochloride) therapy are: dizziness 10.3%, headache 7.8%, drowsiness 7.6%, 
lack of energy 6.9%, weakness 6.5%, palpitations 5.3%, and nausea 4.9%. In most 
instances side effects have disappeared with continued therapy or have been tolerated 
with no decrease in dose of drug. 


The following reactions have been associated with MINIPRESS (prazosin hydrochlo- 
ride), some of them rarely. (In some instances exact causal relationships have not beer 
established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/oi 
pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus. 

Genitourinary: urinary frequency, incontinence, impotence. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports of 
cataract development or disappearance have been reported. In these instances, the exact 
causal relationship has not been established because the baseline observations were 
frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included adequate baseline 
examinations, no drug-related abnormal ophthalmological findings have been reported. 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration: 

Initial Dose: | mg twoor three times a dav. (See Warnings). 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 mg 
given in divided doses. The therapeutic dosages most commonly employed have ranged 
from 6 mg to 15 mg daily given in divided doses. Doses higher than 20 mg usually do not 
increase efficacy, however a few patients may benefit from further increases up to a daily 
dose of 40 mg given in divided doses. After initial titration some patients can be 
maintained adequately on a twice daily dosage regimen. 

Use With Other Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or 2 mg three 
times a day and retitration then carried out. 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg (white 
#431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and unit dose 
institutional packages of 100 (10 x 10's); and 5 mg (blue and white #438) capsules in 
bottles of 250, 500 and unit dose institutional packages of 100 (10 x 10's). 

More detailed information available on request 


Reference: 

l. Lund-Johansen P: Hemodynamic changes at rest and during exercise in 
long-term prazosin therapy for essential hypertension, in Prazosin Clinical 

Symposium Proceedings, published as a special report by P. istgrad Med. New 
York, McGraw-Hill Book & Education Services Group, 1975, pp 45-52. 
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CASE REPORTS 


885 Congenital Hypoplasia of Portions of Both Right and Left Ventricular Myocardial Walls. Clinical and 
Necropsy Observations in Two Patients With Parchment Heart Syndrome 


BRUCE F. WALLER, ELDON R. SMITH, BRIAN D. BLACKBOURNE, FELIX P. ARCE, NELLIE N. SARKAR and 
WILLIAM C. ROBERTS 


Clinical and morphologic data in 2 patients with congenital hypoplasia of portions of both right and left ventricu- 
lar free walls in the absence of associated coronary or valvular heart disease and from 22 necropsy patients in 
a review of the pertinent literature are presented. Nearly half of these patients died of congestive heart failure 
in the 1st year of life and the other half reached adulthood with or without manifestations of cardiac dysfunction. 
The differential diagnosis of congenital hypoplasia of the right ventricular myocardium includes Ebstein's anom- 
aly of the tricuspid valve, idiopathic dilated cardiomyopathy and pulmonary or tricuspid valve atresia. The echo- 
cardiogram is useful in distinguishing congenital hypoplasia of the right ventricular myocardium from Ebstein's 
anomaly by the presence of a dilated right ventricular cavity, delayed tricuspid valve closure, and diastolic open- 
ing of the pulmonary valve. 


892 Biventricular Hypoplasia With Myocardial Fiber Hypertrophy and Disarray 
WILLIAM C. LITTLE, H. CECIL COGHLAN and JACK C. GEER 


Postmortem examination of this 25 year old woman with effort intolerance and systemic venous congestion 
since childhood confirmed an unusual case of cardiac biventricular hypoplasia and dysplasia with fiber hypertro- 
phy and disarray that resulted in restrictive ventricular dysfunction, impaired cardiac output, atrioventricular 
valve incompetence and marked enlargement of the atria. This condition differs from Uhl's anomaly in that this 
patient's right ventricle, although quite thin in some areas, contained functioning myocardium and did contract. 
The patient died after valve replacement surgery. 
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THE TRENDSETTER™ — The top- 

of- the-line scanner for integrated ECG, 
blood pressure and pacemaker eval- 
uation, together with comprebensive 
alpbanumeric/ graphic summaries. 


VIS-U-SCAN™ — The high-speed system 
that puts 24 bours of E 

in three minutes flat without missing 
a beat. 





SMART SCAN NERS, Theres a Del Mar Avionics ECG scanner that satisfies your most exacting 
requirements — in the hospital or in your office. And a worldwide network of se 
SMART VALUES centers assures fast, professional response when you need it, where you need it. 
An outstanding Education and Training staff rounds out our commitment 
excellence. Training courses extend the skills and knowledge of your staff in the ; 

cation of ECG principles to Holter System data analysis. 
Our full line of smart scanners coupled with the extra services only a lead 


can provide, makes your investment in a Del Mar Avionics system a smart move 
your local representative today. 





Holter scanning system handles the 
workload right in your office. Two 
channels of data with memory-scope 
display make it fast, flexible and 


easy-to-use. 


THE EVALUATOR™ NEW! — The middle- 
of-the-line Holter ECG scanner — 
microprocessor-controlled, features 
“smart” arrhythmia analyzer. 


‘more information, call any one of our Corporate Sales and Service Offices: 


[LANTA (404) 952-0612 
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VAN NUYS (213) 787-5423 
ATHENS 671-7170, Telex 214227 (EXSE GF 
BRUSSELS 720-7405, Telex 61791 (AVOND 


| independent representatives 


DEL MAR AVIONICS 


1601 Alton Avenue at Red Hill, Irvine, CA 92714 


Telephone: (714) 549-1500 Telex: 68-5621 


Outside California (800) 854-0481, Inside California (800) 432-8446 


See us at the American Heart Association Meeting, Miami, Florida Nov. 17-20, Booth No. D/E 30-37 
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hy Daig/Medcor I: 


And we're proud to make that 
tatement. We're backing it up 
ith the addition of three new 

pacemakers that are designed to 
eet or surpass what you are 
ow implanting in terms of 
apability, performance, and 
eliability. The same kind of 
eliability we've built into every 

Daig/Medcor pacemaker. * 


hy three at once? To be certain 
hat you have a reliable, well- 
engg ered pacemaker to suit 
EN patient needs. It's all 
Dar our commitment to 


provide you with the latest in 
pacing technology. 


Ask for our current reliability study on 
Daig/Medcor’s pacemaker technology that is 
based on nearly 100 million hours of pacing. 





circuitry and reliable lithium 
power source, backed by eight 
years of clinical history. All 
designed in a unit that is our 
smallest model yet. 
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MULTI PROGRAMMABLE 
iU RANHIBITED 
54^ TYPE WI: 
- MODEL 0515 
[SN D-02014 


PC ALIS, MN mu 


When your patient needs a 
multi-programmable 
pacemaker. 


Our new Lithicron 515 allows 
alterations of rate, pulse width, 
output, sensitivity, refractory, 
mode, and features telemetry 
confirmation . . . and all in the When your patient needs 
confines of an 11 mm thin atrially associated pacing 
configuration. Our new VISA pacemakers, 
Models 520/620 are two of th 
most advanced pacemakers o1 
the market, giving the patient 
complete physiological contro 
of rate in order to adapt to 
periods of rest and exertion. 
Aho ab | Simulating normal cardiac 
RANHIBITED 4 activity, P-wave synchronous 
TYPE VV} 3 pacing greatly improves cardiz 
MODFLOA1I70. - E. performance. 
SN 4 ROAA - 


When your patient needs a 
simple demand pacemaker. 
Our new Lithicron IlI 411 


;e three new models are part 
aig/Medcor’s complete line 
Ise generators. We are 
cated to provide innovations 
ple demand, multi- 
rammable and now 
nchronous pacing. For 
plete information on the 
/Medcor line of pulse 
prators and pacing 
ssories, or a copy of our 
bility study, write or call 
/Medcor, toll-free, at 
-328-3650. Or contact your 
/Medcor sales 
esentative. 


An Innovative 
Change of Pace 


DAIGIN 


MEDCOR IF 


5100 Thimsen Avenue 
Minnetonka, Minnesota 55343 
Call toll-free 

800-328-3650 or 
612-474-0961. 

TWX 910-576-1780 

















WHEN YOU SUSPECT OR DETEC 
VENOUS THROMBOSIS... 








Thromboembolism: The oral anticoagulant 
a high risk among of choice: Tablets 















patients withone — COUMADIN 
or more of these | 23d: 
factors crystalline warfarin sodium 
E singled out by more 
Fractures of lower limb than 20 years 
Hip surgery . 
Pelvic or abdominal surgery with of experience 
extensive dissection ! ; 
Previous venous thromboembolism Effective prophylaxis and treatment of venous 
Congestive cardiac failure thrombosis — 
Cancer surgery Effective prophylaxis and treatment of 
Obesity pulmonary embolism 
Varicose vein surgery Effective treatment of atrial fibrillation with 
embolization 
Itesclence of venous trémbosis OF Effective adjunctive treatment of coronary 
occlusion 


abnormal scans as shown by '?5|-fibrinogen 
screening in selected high-risk medical- 
surgical patients 


Category | Incidence 


Initiation of therapy 

Induction — 40 to 60 mg for average adult or 20 to 
30 mg for elderly and/or debilitated patients for one 
dose only administered orally. intravenously or intra- 
muscularly. 











Elective surgery Alternatively. the large priming dose may be decreased 

Major abdominal for all patients to minimize the possibility of excessive 
i REY 1)2 increases in prothrombin time. Induction may be initi- 
thoracic/gynecologic 11-65% ated with 10 to 15 mg daily and thereafter (usually 
Retropubic 2 or 3 days) adjusted according to prothrombin time 
Eao response | 
prostatectomy 28-50% o dosage must be individualized according to 
patient s prothrombin time 

MN 49552 o frequent laboratory monitoring is recommended 
prostatectomy 0 ^3 determine prothrombin time daily until results fall 


within the therapeutic range — 1.5 to 2.5 times normal 
o afterwards. prothrombin time must be determined 
periodically to monitor the patient s course 





Emergency surgery 
Hip fracture 48-74%"? 








Maintenance of anticoagulation 


Childbirth 3%"? 


Medical 





o 2-10 mg. for most patients (scored tablets allow 


Myocardial flexibility and accurate titration) 

infarction j 23-38% 12 3 dose and interval should be adjusted according to 
^w a ts ths the individual patient's prothrombin time response 

Stroke d . 60%! 





ORAL ANTICOAGULATION: Duration of anticoagulation 
Often indicated to lower the risk 
of thromboembolic complications. 2 should be individualized for each patient 
LEEREN ———————— g in general, should be continued until danger of 
References: 1. Hirsh J, Gallus AS. ?5|-labeled fibrinogen scanning thrombosis and embolism has passed 


Use in the diagnosis of venous thrombosis. JAMA 233: 970-973. 
1975 2. Kakkar VV: The diagnosis of deep vein thrombosis using the 


'251-fibrinogen test. Arch Surg 104:152-159, 1972. 3. Ebert RV. Use of : : dad e 

de ES s in a AER ocardial infarction qur wd 45: 903-910 Hecommendations of prominent ci iInicIans 
pr 1 4. Borden he current status of therapy with anticoagu 1 

lants. Med Clin North Am 56:235-251, Jan 1972. 5. Hirsh J. Gallus AS on duration of therapy 


Anticoagulants in venous thromboembolism. Prophylactic and thera 
peutic use. Postgrad Med 55:211-217, Jan 1974 j de % i 34x k 
in myocardial infarction?'** 1-3 years* (reevaluate 


*For selected patients who have had a large infarct. a history of previous 
infarction or angina, severe hypotension or shock, chronic atrial fibril : al least every 6 months) 
lation. congestive hean failure. past history of venous thrombosis or in pulmonary embolism ^5 6 weeks-6 months 


embolism or complications requiring a prolonged period in bed 


in deep vein thrombosis *? 6 weeks-6 months 





COUMADIN is an Endo registered U S. trademark Before prescribing. please see full product information on next page 
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COUMA 


crystalline warfarin sodium, U.S.P.* 


DESCRIPTION COUMADIN (crystalline warfarin sodium), a prothrombinopenic anticoagulant, is 
chemically crystalline sodium warfarin isopropanol clathrate. The crystallization of warfarin so- 
dium virtually eliminates trace impurities present in amorphous warfarin sodium. tht * achieving a 
crystalline product of the highest purity. Warfarin* is the coined generic name for 3-(a- Acetonyl- 
benzyl)-4-hydroxycoumarin. On a dose-for-dose basis, COUMADIN (crystalline warfarin 

Sodium) is therapeutically equivalent to amorphous warfarin sodium 

ACTIONS COUMADIN and other coumarin anticoagulants act by depressing synthesis in the 
liver of several factors which are known to be active in the coagulation mechanisms in a variety of 
diseases characterized by thromboembolic phenomena. The resultant in vivo effect is a sequen- 
tial depression of Factors VII, IX, X and Il. The degree of depression is dependent upon the dos- 
age administered. Anticoagulants have no direct effect on an established thrombus. nor do they 
reverse ischemic tissue damage. However. once a thrombosis has occurred, anticoagulant treat- 
ment aims to prevent further extension of the formed clot and prevents secondary thromboembo- 
lic complications which may result in serious and possible fatal sequelae 

After oral administration, absorption is essentially complete, and maximal plasma concentrations 
are reached in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma. 
COUMADIN usually induces hypoprothrombinemia in 36 to 72 hours, and its duration of action 
may persist for 4 to 5 days. thus zc Cori Ae smooth. long lasting response curve. Little is known 
of the metabolic pathways involved in the biotransformation of oral anticoagulants in man. How- 
ever their metabolites appear to be eliminated principally in the urine 


INDICATIONS Based on a review of this drug by the National Academy of Sciences— 
National Research Council and/or other information, FDA has classified the indications 
as follows: 

Effective: COUMADIN is indicated for the prophylaxis and treatment of venous thrombo- 
sis and its extension, the treatment of atrial fibrillation with embolization, the prophylaxis 


and treatment of pulmonary embolism, and as an adjunct in the treatment of coronary 
occlusion 

Possibly" effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation 


CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical 
condition or personal circumstance in which the hazard of hemorrhage might be greater than its 
potential clinical benefits. such as 

Pregnancy — COUMADIN is contraindicated in pregnancy because the drug passes through the 
placental barrier and may cause fatal hemorrhage to the fetus in utero. Furthermore, there have 
been reports of birth malformations in children born to mothers who have been treated with war- 
farin during pregnancy Women of childbearing potential who are candidates for anticoagulant 
therapy should be carefully evaluated and the indications critically reviewed with the patient. If the 
patient becomes pregnant while taking this drug, she should be apprised of the potential risks to 
the fetus, and the possibility of termination of the pregnancy should be discussed in light of those 
risks. 

Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: 
(1)central nervous system; (2)eye. (3)traumatic surgery resulting in large open surfaces. Bleed- 
ing tendencies associated with active ulceration or overt bleeding of: (1)gastrointestinal, 
genitourinary or respiratory tracts, (2)cerebrovascular hemorrhage; (3)aneurysms— cerebral, dis- 
secting aorta, (4)pencarditis and pericardial effusions, (5)subacute bacterial endocarditis 
Threatened abortion, eclampsia and preeclampsia Inadequate laboratory facilities or unsu- 
pervised senility, alcoholism, psychosis, or lack of patient cooperation. Spinal puncture and 
other diagnostic or therapeutic procedures with potential for uncontrollable bleeding. Miscella- 
neous: major regional. lumbar block anesthesia and malignant hypertension 

WARNINGS Warfarin sodium is a potent drug with a half-life of 2¥2 days; therefore its effects may 
become more pronounced as daily maintenance doses overlap. It cannot be emphasized too 
strongly that treatment of eacn patient is a highly individualized matter. Dosage should be con- 
trolled by periodic determinations of prothrombin time or other suitable coagulation tests. Deter- 
minations of whole blood clotting and bleeding times are not effective measures for control of 
therapy Heparin prolongs the one-stage prothrombin time. Therefore, to obtain a valid prothrom- 
bin time when heparin and COUMADIN are given together, a period of at least 5 hours should 
elapse after the last intravenous dose and 24 hours after the last subcutaneous dose of heparin, 
before blood is drawn 

-Caution should be observed when warfarin sodium is administered in any situation or physical 
condition where added risk of hemorrhage is present. 

Administration of anticoagulants in the following conditions will be based upon clinical judgment 
in which the risks of anticoagulant therapy are weighed against the risk of thrombosis or emboliza- 
tion in untreated cases. The following may be associated with these increased risks: 

Lactation — coumarins may pass into the milk of mothers and cause a prothrombinopenic state in 
the nursing infant Severe to moderate hepatic or renal insufficiency. Infectious diseases 
or disturbances of intestinal flora sprue, antibiotic therapy Trauma which may result in inter- 
nal bleeding. Surgery or trauma resulting in large exposed raw surfaces Indwelling cathe- 
ters. Severe to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe 
diabetes. severe allergic and anaphylactic disorders. 

Patients with congestive heart failure may become more sensitive to COUMADIN, thereby re- 
quiring more frequent laboratory monitoring, and reduced doses of COUMADIN. 

Concurrent use of anticoagulants with streptokinase or urokinase is not recommended and may 
be hazardous. (Please note recommendations accompanying these preparations.) 

Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually 
over three to four weeks. : 

PRECAUTIONS Periodic determination of prothrombin time or other suitable coagula- 
tion test is essential. 

Numerous factors, alone or in combination, including travel, changes in diet, environ- 
ment, physical state and medication may influence response of the patient to anticoagu- 
lants. It is generally good practice to monitor the patient's response with additional pro- 
thrombin time determinations in the period immediately after discharge from the hospi- 
tal, and whenever other medications are initiated, discontinued or taken haphazardly. 

_ The following factors are listedTor your reference; however, other factors may also af- 
fect the prothrombin response. j 
The following factors, alone or in combination, may be responsible for increased pro- 
thrombin time response: 

ENDOGENOUS FACTORS Carcinoma; collagen disease; congestive heart failure; diarrhea: 
elevated temperature; hepatic disorders — infectious hepatitis, jaundice; poor nutritional state; 
vitamin K deficiency — steatorrhea 

EXOGENOUS FACTORS: Alcohol; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; 
bromelains, chloral hydratet; chlorpropamide; chymotrypsin; cimetidine: cinchophen, clofibrate; 
COUMADIN (crystalline warfarin sodium) overdosage; dextran; dextrothyroxine; diazoxide; 
dietary deficiencies, diureticst; disulfiram; drugs affecting blood elements; ethacrynic acid; glu- 
cagon, hepatotoxic drugs, indomethacin, inhalation anesthetics; mefenamic acid; methyldopa: 
methylphenidate, metronidazole, monoamine oxidase inhibitors; nalidixic acid: oxolinic acid: OXy- 
phenbutazone; phenylbutazone; phenyramidol; prolonged hot weather; prolonged narcotics; ` 
quinidine; quinine; salicylates; sulfinpyrazone; sulfonamides, long acting; thyroid drugs; tolbu- 
tamıde: triclofos sodium; trimethoprim/sulfamethoxazole; unreliable prothrombin time determina- 
tions 

The following factors, alone or in combination, may be responsible for decreased pro- 
thrombin time response: 

ENDOGENOUS FACTORS: Diabetes mellitus; edema, hereditary resistance to coumarin therapy; 
hyperlipemia; hypothyroidism. 

EXOGENOUS FACTORS: Adrenocortical steroids, alcoholt; antacids; antihistamines; barbitu- 
rates: chloral hydratet, chlordiazepoxide; cholestyramine; COUMADIN underdosage: diet high in 
vitamin K (vegetables, fish, fish oil, onions); diureticsf, ethchlorvynol, glutethimide; griseofulvin; 
haloperidol, meprobamate; oral contraceptives; paraldehyde; primidone; rifampin; unreliable pro- 
thrombin time determinations; vitamin C. ` 

[Increased and decreased prothrombin time responses have been reported. 


'Present as crystalline sodium warfarin isopropanol clathrate 
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Tablets 
DIN for long- and short-term oral anticoagulation... 


A patient may be exposed to a compination of the above factors, some of which may increase and 
some decrease his sensitivity to COUMADIN. Because the net effect on his prothrombin time re- 
sponse may be unpredictable under these circumstances, more frequent laboratory monitoring is 
advisable 


Drugs not yet shown to interact or not to interact with coumarins are best regarded with suspicion, 
and when their administration is started or stopped, the prothrombin time should be determined 
more often than usual 

Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and 
tolbutamide) and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the 
body as a result of interference with either their metabolism or excretion 

ne REACTIONS Potential side effects of COUMADIN (crystalline warfarin sodium) 
include 


1. Minor or major hemorrhage from any tissue or organ — which is an extension of the physiologic 
activity of prothrombinopenia. The signs and symptoms will vary according to the location and d 
gree or extent of the bleeding. Therefore the possibility of hemorrhage should be considered in 
evaluating the condition of any anticoagulated patient with complaints which do not indicate an 
obvious diagnosis. Bleeding during anticoagulant therapy does not always correlate with pro- 
thrombin activity. (See TREATMENT FOR OVERDOSAGE ) 

Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diag- 
nostic investigation since it may unmask a previously unsuspected lesion, e g. tumor, ulcer. etc 
2. Side effects other than hemorrhage are infrequent and consist of alopecia. urticaria, dermatitis, 
fever. nausea, diarrhea. abdominal cramping, a syndrome called "purple toes,” hypersensitivity 
reactions and a reaction consisting of hemorrhagic infarction and necrosis of the skin 

3. Priapism has been associated with anticoagulant administration, however, a causal relationship 
has not been established. 

DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the 
coagulation or clotting mechanism to such an extent that thrombosis will'not occur, but at the 
same time avoiding such extensive impairment as might produce spontaneous bleeding. Effec- 
tive therapeutic levels with minimal complications can best be achieved in cooperative and well- 
instructed patients, who keep the doctor informed o! their status between visits. COUMADIN pa- 
tient aids are available to physicians on request 

The administration and dosage of COUMADIN must be individualized for each patient according 
to the particular patient's sensitivity to the drug as indicated by the prothrombin time. The pro- 
thrombin time reflects the depression of vitamin K dependent Factors VII, X and Il. These factors. 
in addition to Factor IX, are affected by coumarin anticoagulants. There are several modifications 
of the Quick one-stage prothrombin time and the physician should become familiar with the spe- 
cific method used in his laboratory. 

Administration of COUMADIN should be gauged according to prothrombin time determinations 
by a suitable method. The blood prothrombin time should usually be determined daily after the 
administration of the initial dose until prothrombin time results stabilize in the therapeutic range. 
Intervals between subsequent prothrombin time determinations should be based upon the 
physician's judgment of the patient's reliability and response to warfarin in order to maintain the in- 
dividual within the therapeutic range. Acceptable intervals for prothrombin time determinations 
have usually fallen within the range of one to four weeks. Satisfactory levels for maintenance of 
therapeutic anticoagulation are 1¥2 to 2Ve times the normal prothrombin time (e.g. 18 to 30 sec- 
onds, with a control of 12 seconds) 

Induction — 40 to 60 mg for average adult or 20 to 30 m9 for elderly and/or debilitated patients 
for one dose only administered orally. intravenously or intramuscularly. 

Alternatively, the large priming dose may be decreased for all patients to minimize the possibility 
of excessive increases in prothrombin time. Induction may be initiated with 10 to 15 mg daily and 
thereafter (usually 2 or 3 days) adjusted according to prothrombin time response. The basis for 
the no-loading dose regimen is that the depression of Factors II, IX, and X are not accelerated by 
the administration of a loading dose. 

Maintenance Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility 
of dosage is provided by breaking scored tablets in half. The individual dose and interval should 
be gauged by the patient's prothrombin response. 

Duration of therapy — The duration of therapy in each patient should be individualized. In gen- 
eral, anticoagulant therapy should be continued until the danger of thrombosis and embolism has 
passed 

Treatment during dentistry and surgery — The management of patients who undergo dental 
and surgical procedures requires close liaison between attending physicians, surgeons and den- 
tists. Interruption of anticoagulant therapy may precipitate thromboembolism, and conversely, if 
anticoagulants are maintained at full doses, some patients may hemorrhage excessively, If it is 
elected to administer anticoagulants prior to, during. or immediately following dental or surgical 
procedures, it is recommended that the dosage of COUMADIN (crystalline warfarin sodium) be 
adjusted to maintain the prothrombin time at approximately 1¥%2 to 2% times the control level. The 
operative site should be sufficiently limited to permit the effective use of local procedures for he- 
mostasis including absorbable hemostatic agents, sutures, and pressure dressings if necessary. 
Under these conditions dental and surgical procedures may be performed without undue risk of 
hemorrhage. 
COUMADIN with Heparin— Since a delay intervenes between the administration of the initial 
dose and the therapeutic prolongation of prothrombin time, it may be advisable in emergency sit- 
uations to administer sodium heparin initially along with COUMADIN. The initial dose of heparin 
and injectable COUMADIN may be administered together in the same syringe. It should be noted 
that heparin may affect the prothrombin time, and therefore, when patients are receiving both 
heparin and COUMADIN, the blood sample for prothrombin time determination should be drawn 
just prior to the next heparin dosage. at least 5 hours after the last intravenous injection or 24 
hours after the last subcutaneous injection. 

TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is 
readily controlled by discontinuing COUMADIN (crystalline warfatin sodium), and if necessary, 
the oral or parenteral administration of vitamin K,. The appearance of microscopic hematuria, ex- 
cessive menstrual bleeding, melena, petechiae or oozing from nicks made while shaving are 
early manifestations of hypoprothrombinemia beyond a safe and satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of 
COUMADIN may suffice; and if necessary, small doses of vitamin K, orally, 2.5 to 10 mg, will usu- 
ally correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin K, in doses of 5 to 25 mg may 
be gen parenterally (Please note recommendations accompanying vitamin K preparations prior 
to use 

Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrom- 
binopenic states unresponsive to vitamin K, 

Resumption of COUMADIN administration reverses the effect of vitamin K,, and a therapeutic hy- 
poprothrombinemia level can again be obtained. 

SUPPLIED Tablets: COUMADIN (crystalline warfarin sodium). For oral use, single scored, im- 
printed numerically with potency as follows: 2 mg lavender, 2V? mg orange, 5 mg peach, 7% mg 
yaon, ^ vA mg white. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister pack- 
age of 100. 

Injection: Available as single injection units of amorphous warfarin sodium lyophilized for intrave- 
nous or intramuscular use in a box of 6 units for use immediately after reconstitution. 

50 mg: Unit consists of 1 vial, 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted 
with sodium hydroxide; accompanied by a 2 ml ampul Sterile Water for Injection. 

Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for in- 
travascular injection without first having been made approximately isotonic by the addition of a 
suitable solute. Use only for reconstitution of the lyophilized product 
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INDICATIONS: 
1. Congestive heart failure: Congestive heart failure, all degrees, is the primary indication. The 
increased cardiac output due to digoxin results in diuresis and general amelioration of the disturbances 
ulate ea of right (venous congestion, edema) and left (dyspnea, orthopnea, cardiac asthma) 
eart failure. 

Digoxin, generally, is most effective in "low output" failure and less effective in "high output" 
(bronchopulmonary insufficiency, infection, hyperthyroidism) heart failure. 

Digoxin should be continued after heart failure is abolished unless some known precipitating 
factor is corrected. 


2. Atrial fibrillation: Atrial fibrillation, especially when the ventricular rate is elevated. Digoxin 
rapidly reduces ventricular rates and eliminates the pulse deficit. Palpitation, precordial distress or 
weakness are relieved and any concomitant congestive failure ameliorated. Digoxin should be 
continued in doses necessary to maintain the desired ventricular rate and other clinical effects. 


3. Atrial flutter: Digoxin slows the heart and regular sinus rhythm may appear. Frequently the 
flutter is Converted to atrial fibrillation with a slow ventricular rate. Stopping digoxin at this point 
may be followed by restoration of sinus rhythm, especially if the flutter was of the paroxysmal 
type. It is preferable, however, to continue digoxin if failure ensues or if atrial flutter is a frequent 
occurrence. 


4. Paroxysmal atrial tachycardia: Oral digoxin may be used, especially if the condition is resistant 
to lesser measures. Depending on the urgency, a more rapid acting parenteral preparation may 
be preferable to initiate digitalization, although if heart failure has ensued or paroxysms recur 
frequently, digoxin should be maintained by oral administration. 

Digoxin is not indicated in sinus tachycardia unless due to heart failure. 


5. Cardiogenic shock: The drug is often employed, especially when the condition is accompanied 
by pulmonary edema. Digoxin seems to affect adversely shock due to septicemia from gram- 
negative bacteria. 
CONTRAINDICATIONS: The presence of toxic effects (see ADVERSE REACTIONS section) in- 
duced by any digitalis preparation is a contraindication to all of the glycosides. 

Nai though rare, does occur. It may not extend to all preparations, and another may be 
tried. 
Ventricular fibrillation. 
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Digitalis alone or with other drugs has been promoted for use in the treatment of obesity. 
This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may 


cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the 
treatment of obesity is dangerous. 





Many of the arrhythmias for which digoxin is advised closely resemble those reflecting digoxin 
intoxication. If the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 
temporarily withheld if permitted by the clinical situation. 

The patient with congestive heart failure may complain of nausea and vomiting. These symptoms 
may also be indications of digoxin intoxication. A clinical determination of the cause of these 
symptoms must be attempted before further drug administration. 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
play considerable variability in their tolerance to digoxin, depending on their degree of maturity. 

Premature and immature infants are particularly sensitive, and dosage must be reduced and 
digitalization should be even more individualized and cautiously approached than in more mature 
infants. Impaired renal function must also be carefully taken into consideration. 

Congestive heart failure accompanying acute glomerulonephritis requires extreme care in digitaliza- 
tion. A relatively low total dose administered in divided doses and concomitant use of anti- 
hypertensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 
continued es soon as possible. - 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin Should be employed. 

Patients with rheumatic carditis, ga when Severe, are unusually sensitive to digoxin and 
prone to disturbances of rhythm. If heart failure develops, digitalization may be initiated with 
relatively low doses; then it can be cautiously increased until a beneficial effect is obtained. If a 
prre hys does not result in improvement, the drug Should be considered ineffective and be 

iscontinued. 

Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: Atrial arrhythmias associated with hypermetabolic states are particularly resistant 
to a mars treatment. Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
arrhythmia. 

Digoxin is not indicated for the treatment of ventricular tachycardia unless congestive heart 
failure supervenes after a protracted episode not itself due to digoxin. 

Potassium depletion sensitizes the myocardium to digoxin and toxicity may develop even with 
usual dosage. Hypokalemia may also alter the rate of onset and intensity of the positive inotropic 
effect of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 
being treated with digoxin, - 

Potassium wastage may result from diuretic or corticosteroid therapy, hemodialysis, and from 
suction of gastrointestinal secretions. It may accompany malnutrition, diarrhea, prolonged vomiting, 
old age, and long-standing congestive heart failure. In general, rapid changes in serum potassium or 
other electrolytes are to be avoided, and intravenous treatment with potassium should be reserved ud 
for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCE 
BY OVERDOSAGES section). 

Patients with acute myocardial infarction, severe pulmonary disease, or far advanced heart 
failure may be more sensitive to digoxin and more prone to disturbances of rhythm 

Calcium affects contractility and excitability of the heart in a manner similar to that of digoxin. 
Calcium may produce serious arrhythmias in digitalized patients. 

In myxedema, the digoxin requirements are less because excretion rate is decreased and blood 
levels are significantly higher. 

In incomplete A-V block, especially in patients subject to Stokes-Adams attacks, advanced or 
complete heart block may develop if digoxin is given. Heart failure in these patients can usually 
be controlled by other measures and by increasing the heart rate. 

Patients with chronic constrictive pericarditis may respond unfavorably to digoxin. 

Patients with idiopathic hypertrophic subaortic Stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Renal insufficiency delays the excretion of digoxin and dosage must be adjusted accordingly in 
patients with renal disease. Note: This applies also to potassium administration should it become 
necessary. 

Electrical conversion of arrhythmias may require reduction of digoxin dosage. 

Dosage must be carefully titrated and differences in the bioavailability of parenteral preparations, 
elixirs, and tablets should be taken into account when switching patients from one preparation 
to another 

Electrocardiographic monitoring may be necessary to avoid intoxication. 
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Premonitory signs of toxicity in the newborn are undue slowing of the sinus rate, sinoatrial 
arrest, and prolongation of PR interval. 


ADVERSE REACTIONS: 
Gynecomastia: Uncommon. 


Overdose or toxic effects in adults: 

Gastrointestinal: Anorexia, nausea, vomiting, diarrhea are the most common early symptoms of 
overdosages in the adult (but rarely conspicuous in infants). Uncontrolled heart failure may also 
produce such symptoms. 

e nervous system: Visual disturbances (blurred vision, yellow vision), headache, weakness, 
apathy. 

Cardiac disturbances (arrhythmias): Ventricular premature beats are the most common, except 
in infants and young children. Paroxysmal and nonparoxysmal nodal rhythms, atrioventricular (inter- 
ference) dissociation and paroxysmal atrial tachycardia (PAT) with block are also common arrhythmias 
due to digoxin overdosage. 

Conduction disturbances: Excessive slowing of the pulse is a Clinical sign of digoxin overdosage. 
Atrioventricular block of increasing degree may proceed to complete heart block. Note: The 
electrocardiogram is fundamental in determining the presence and nature of these cardiac toxic 
disturbances. Digoxin may also induce other changes (as of the ST segment), but these provide no 
measure of the degree of digitalization. 


Overdose or toxic effects in children: 
Toxic signs differ from the adult in a number of respects. Cardiac arrhythmias are the more 
reliable and frequent signs of toxicity. 
Vomiting and diarrhea, neurologic and visual disturbances are rare as initial signs. 
Premature ventricular systoles are rarely seen; nodal and atrial systoles are more frequent. 
Atrial arrhythmias, atrial ectopic rhythms, and paroxysmal atrial tachycardia with A-V block 
particularly are more common manifestations of toxicity in children. 
Ventricular arrhythmias are rare. 


TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Digoxin should be discontinued 
until all signs of toxicity are abolished. Discontinuation may be all that is necessary if toxic 
manifestations are not severe and appear after the time for peak effect of the drug. 

Potassium salts are commonly used. Potassium chloride in divided oral doses totaling 4-6 
grams for adults (see PEDIATRIC INFORMATION section for pediatric dosage) may be given 
provided renal function is adequate. 

When correction of the arrhythmia is urgent and the serum potassium level is low or normal, 
potassium should be administered intravenously in a solution of 5 percent dextrose in water. A total 
of 40-100 milliequivalents (30 milliequivalents per 500 milliliters) is given at the rate of 20 
milliequivalents per hour unless limited by pain due to local irritation. 

Additional amounts may be given if the arrhythmia is uncontrolled and the potassium well 
tolerated. 

Continuous electrocardiographic monitoring should be performed to watch for any evidence of 
potassium toxicity, e.g., peaking of T waves, and to observe the effect on the arrhythmia so that 
the infusion may be promptly stopped when the desired effect is achieved. 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block 
due to digoxin and not related to any tachycardia. 

Other agents that have been approved for the treatment of digoxin intoxication include procainamide, 
lidocaine, and propranolol. 


Pediatric Information: (See adult section for other recommendations for the treatment of arrhythmias 
produced by overdosages and for additional recommendations and cautions regarding the use of 
potassium.) Potassium preparations may be given orally in divided doses totaling 1-1.5 milliequiv- 
alents/kilogram (1 gram K contains 13.4 milliequivalents). When correction of the arrhythmia IS urgent. 
approximately 0.5 milliequivalents/kilogram of potassium per hour may be given. with careful 
electrocardiographic monitoring, as a solution of 20 milliequivalents or less for 500 milliliters in 
5 percent dextrose in water. The total dose should generally not exceed 2 milliequivalents of 
potassium/kilogram. 


DOSAGE AND ADMINISTRATION: Oral digoxin is administered slowly or rapidly as required until 
the desired therapeutic effect is obtained without symptoms of overdosage. The amount can be 
predicted approximately from the lean body mass of the patient with allowances made for excretion 
during the time taken to induce digitalization. 

Subsequent maintenance dosage is also determined tentatively by the amount necessary to 
sustain the desired therapeutic effect. 

Recommended dosages are practical average figures that may require considerable modification 
as dictated by individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended or average doses. (See WARNINGS and 
PRECAUTIONS sections.) 

The average amount of digoxin that patients must accumulate to be digitalized with digoxin 
tablets is 1.0-1.5 milligrams. Digitalization may be accomplished by any of several approaches that 
vary in dosage and frequency of administration, but reach the same endpoint in terms of total 
amount accumulated. 

In previously undigitalized patients, a single loading dose of 0.5-0.75 milligram orally usually 
produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours. Additional doses of 
0.25-0.5 milligram may be given cautiously at 6-8 hour intervals to full digitalization. 

In previously undigitalized patients, institution of daily maintenance therapy (0.125-0.5 milligram, 
see next paragraph) without a loading dose results in development of steady-state plateau con- 
centrations in about 7 days in patients with normal renal function. 

The average daily oral maintenance dose is 0.125-0.5 milligram, usually 0.25 milligram. In the 
elderly patient, 0.125-0.25 milligram should be considered the average maintenance dose. 

In patients with renal impairment, digoxin excretion is impaired and serum half-life is prolonged. 
Digitalizing and maintenance doses are lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develop sooner in patients with renal impairment, and it takes longer 
for toxic signs and symptoms to disappear. Because of the prolonged half-life, a longer period of time 
is required to achieve an initial or new steady-state plateau in patients with renal impairment than in 
patients with normal renal function. M 

It cannot be overemphasized that the values given are averages and substantial individual variation 
can be expected. 


Children: Digitalization must be individualized. Generally, premature and immature infants are par- 
ticularly sensitive, requiring reduced dosage that must be determined by careful titration. 


Oral Dosage. Beyond the immediate newborn period, children require proportionally greater doses 
than adults on the basis of body weight or surface area. The recommended oral digitalizing dosages 
in children with normal renal function are: 

Newborn infants (normal), up to 1 month, require 40-60 micrograms (mcg)/kilogram. 

Infants, 1 month to 2 years, require approximately 60-80 micrograms (mcg)/kilogram. 

Children, 2 years to 10 years, require 40-60 micrograms (mcg)/kilogram. . 

Children, over 10 years of age, require adult dosages in proportion to their body weight. 

Maintenance therapy is 20-30 percent of the digitalizing dose administered each day. 

Long term use of digoxin is indicated in almost all infants who have been digitalized for acute 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least 
2 years of age in all infants with paroxysmal atrial tachycardia or in those who show either definite 
or latent failure 

Many children with severe inoperable congenital defects need digoxin throughout childhood and 
often for life. 
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CLINICAL STUDIES 
Calcific Deposits in Porcine Bioprostheses: 
Structure and Pathogenesis 
VICTOR J. FERRANS, MD, PhD Gross, histologic and ultrastructural studies were made of 14 porcine valve 
STEVEN W. BOYCE bioprostheses that were found to contain calcific deposits at the time of 
MARGARET E. BILLINGHAM, MD removal either at reoperation (13 patients) or at necropsy (1 patient). 
MICHAEL JONES, MD Eleven bioprostheses had been in the mitral position, 1 in the aortic, 1 in 


TOKUHIRO ISHIHARA, MD the tricuspid and 1 in a pulmonary conduit. The ages of the patients at the 

WILLIAM C. ROBERTS, MD, FACC time of implantation ranged from 2.5 to 65 years (average 32), and the 

Bethesda, Maryland bioprostheses had been in place from 3 to 94 months (average 39). 

Stanford, California Analysis of these 14 bioprostheses and review of reports concerning 37 
other calcified porcine bioprostheses suggest the following conclusions: 
(1) Calcific deposits occur commonly in bioprostheses implanted in pa- 
tients of all ages, but are more likely to become severe and clinically 
significant in children and in young adults than in older patients. (2) Calcific 
deposits can lead to prosthetic valve stenosis, because they can limit the 
mobility of the cusps; however, they can also be associated with prosthetic 
valve regurgitation. (3) Metabolic disorders that could contribute to 
bioprosthetic calcification are not identifiable in most patients having 
calcified prosthetic tissue valves. (4) The two main sites of deposition 
of calcium phosphate in porcine valve bioprostheses are the connective 
tissue in the cusps, particularly in the spongiosa, and small thrombi on 
the surfaces. (5) Calcification of connective tissue first involves the 
collagen fibrils; calcification of thrombi involves the mitochondria in 
platelets and leukocytes trapped in the mesh of fibrin. From these two 
sites, calcific deposits can grow and spread into other areas of the 
cusps. 


A large majority of patients undergoing cardiac valve replacement with 
glutaraldehyde-treated porcine bioprostheses follow a clinically satis- 


From the Pathology and Surgery Branches, Na- factory course for the first 5 years after operation. Nevertheless, clinical 
tional Heart, Lung, and Blood Institute, National and morphologic studies have documented certain complications leading 
Institutes of Health, Bethesda, Maryland, and the t If re f ino hà th saj i infecti 

Department of Pathology, Stanford University o malfunction of porcine bioprostheses, mainly cuspal infec aon per- 
School of Medicine, Stanford, California. Manu- foration and calcification. Previous reports from our laboratory’~’ have 
script received January 21, 1980; revised manu- described gross, histologic and ultrastructural alterations developing 


beer March 24, 1980, accepted April in perforated or infected porcine bioprostheses. Calcification of porcine 


urea tor veorintk: Victor: J. Ferrans, MD, bioprostheses received little attention until recently, when isolated case 
Building 10, Room 7N208, National Institutes of reports? emphasized its occurrence, particularly in children and young 
Health, Bethesda, Maryland 20205. adults. Although this complication may lead to a reduction in the mo- 
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bility of the cusps and to bioprosthetic stenosis or 
regurgitation, detailed studies have not been made of 
the precise location, structure and pathogenesis of cal- 
cific deposits in porcine bioprostheses. This study 
presents morphologic observations on 14 porcine 
bioprostheses that were found to contain calcific de- 
posits when removed after being in place from 3 to 94 
months. 


Methods 


Patients (Table I) 


The 14 patients had calcific deposits in the cusps of the 
porcine bioprostheses manifested on either gross or micro- 
scopic examination. Seven patients had been included in 
previous clinical reports.1.2.16.19,21,22 The patients, six boys or 
men and eight girls or women, ranged in age from 2.5 to 65 
years (mean 32) at the time of bioprosthetic implantation. 

Six patients had rheumatic heart disease, six had congenital 
heart disease, one had infective endocarditis and one had pure 
mitral regurgitation of uncertain origin. Twelve patients un- 
derwent single valve replacement by a porcine bioprosthesis: 
nine had mitral valve replacement, one aortic valve replace- 
ment, one tricuspid valve replacement and one pulmonary 
valve replacement. The tricuspid valve was replaced in one 
patient with transposition of the great vessels; thus, it func- 
tioned as a systemic atrioventricular valve and hereafter will 
be considered as a “mitral” replacement. The pulmonary valve 
was replaced by a Hancock conduit in a patient with pulmo- 
nary valve atresia and ventricular septal defect. Two patients 
underwent replacement of both the mitral and the tricuspid 
valve: Patient 13 had severe stenosis of both natural valves; 
both implanted porcine bioprostheses eventually became 
regurgitant and had to be replaced; however, only the 
bioprosthesis in the tricuspid position became calcified. 
Therefore, the mitral bioprosthesis in this patient is not in- 
cluded in the study. Patient 8 had pure mitral and tricuspid 
regurgitation resulting from infective endocarditis; after 


PB Removal 


double valve replacement, a new episode of infective endo- 
carditis developed and the porcine bioprosthesis in the mitra 
position was removed. The bioprosthesis in the tricuspid po: 
sition did not become infected and was not removed at reop: 
eration.! The bioprosthesis in Patient 14, who died of mitra 
regurgitation of the bioprosthesis 94 months after its im. 
plantation, was recovered at necropsy. The 13 othei 
bioprostheses were recovered at reoperation. The time interva 
between implantation and operative removal of the biopros- 
theses ranged from 3 to 94 months (average 39). 

In 8 of the 13 patients who underwent reoperation, the 
procedure was performed because of prosthetic valve stenosis 
occurring 10 to 60 months (average 34) after implantation. Six 
of the eight stenosed bioprostheses had been placed in the 
mitral position, one in the aortic position and one in a pul- 
monary conduit. Another patient underwent reoperation 
because of a perivalvular leak 3 months after implantation: 
the bioprosthesis showed only minimal (clinically insignifi- 
cant) calcific deposits. Three additional patients underwent 
reoperation because of prosthetic valve regurgitation caused 
by cuspal perforation or dehiscence. Patient 8 underwent 
reoperation because of prosthetic mitral infection causing both 
stenosis and regurgitation. 

Examination after removal disclosed cuspal perforations 
in six bioprostheses that had been implanted for periods of 
18 to 94 months (average 52). One patient had chronic renal 
insufficiency attributed to cephalothin toxicity; other meta- 
bolic diseases were not identified in any of the other pa- 
tients. 


Procedures 


After removal, the bioprostheses were fixed with cold, 3 
percent glutaraldehyde in 0.1 M phosphate buffer, pH 7.2, and 
processed for light and electron microscopic study. The 
bioprostheses were radiographed after fixation. For light 
microscopic examination, selected portions of the cusps were 
trimmed, decalcified with a mixture of sodium citrate and 
formic acid and embedded in paraffin. Histologic sections 
were stained according to the following methods: hematoxy- 


TABLE | 
Clinical and Morphologic Findings in 14 Patients With Calcific Deposits in Porcine Bioprostheses 
Age (yr) 
at PB 
PB Implan- Valve Site Size Time 
Case tation Sex Lesion of PB (mm) (mo) 

1 2.5 M MS (cong) M 19 41 

2 3.5 F TGV-TR M* 23 37 

3 5.5 F MR (cong) M we 

4 8 F MR (cong) M 27 35 

5 9 F MR M 29 18 

6 11 M PVA-VSD PC 20 60 

7 23 F AS A 

8 28 M IE,MV/TV M 35 

9 42 M MR M 35 28 
10 55 F MS M 31 76 
11 61 M MS M 29 3 
12 65 F MS M 29 48 
13 65 F MS,TR,TS T 33 63 
14 65 M MS M 31 94 


* Systemic atrioventricular valve. 
A = aortic valve; AS = aortic stenosis; Ca++ = calcium; cong = 


PB Cuspal Changes Previous 
Clinical Reports of 
Gross Perf. Red. Patients 
Cause Catt Leaf. Mob. Thr. (reference) 
S + 0 + 0 Pt. 619) 
S + 0 + 0 
S T + + 0 
R a + + 0 Pt.(22) 
S "s T + 0 Pt. 5(19) 
S T 0 T 0 
S T 0 0 + 
IE T 0 + T Pt. 3(0 
S,R,IE 0 0 0 0 Pt. 4: 
Pt. 102 
R + $ 0 0 Pt. 12(2). 
Pt,(21) 
PVL 0 0 0 T Pt. 72) 
S + 0 + 0 
R 0 + 0 0 
Death T + + 0 


congenital; IE = infective endocarditis; IE,MV/TV = infective endocarditis 


affecting the mitral and tricuspid valves; M = mitral valve; MR = mitral regurgitation; MS = mitral stenosis; PB = porcine bioprosthesis; PC = pulmonary 
conduit; Perf. Leaf. = perforated leaflet; Pt. = patient; PVA-VSD = pulmonary valve atresia-ventricular septal defect; PVL = perivalvular leak: 
R = regurgitation; Red. Mob. = reduced mobility of cusps; S = stenosis; T = tricuspid valve; TGV = transposition of the great vessels; Thr. = thrombus; 
TR = tricuspid regurgitation; TS = tricuspid stenosis; + = present; 0 = absent: . . . = information not available. 
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lin-eosin, Masson trichrome, Movat pentachrome, phos- 
photungstic acid-hematoxylin and von Kossa. 

For study by transmission electron microscopy, tissues 
were processed as previously described.” For X-ray energy 
dispersive microanalysis of the calcific deposits, 1,000 A thick 
sections of Maraglas®-embedded tissues were prepared, 
mounted on beryllium grids and examined with an ETEC 
scanning electron microscope equipped with an EDAX de- 
tector. 


Results 


Gross anatomic observations (Table I): Calcific 
deposits were grossly evident in 11 of the 14 recovered 
bioprostheses, and in 9 of these the flexibility and mo- 
bility of the cusps were reduced. In 10 of the 11 
bioprostheses (from Patients 1 to 7, 10, 12 and 14) the 
calcific deposits were localized to the cusps; in the re- 
maining bioprosthesis (from Patient 8), they involved 
infected vegetations.! Of the three bioprostheses 
without grossly evident calcific deposits (from Patients 
9, 11 and 13), one (from Patient 9) was covered by 
thrombotic material, which was the site of infection and 
calcification evident only on microscopic examination}; 
another (from Patient 11) contained noncalcified 
thrombus, and the remaining one (from Patient 13) had 
a perforated cusp. The latter two bioprostheses (from 
Patients 11 and 13) had microscopic calcific deposits in 
the cuspal connective tissue. Thus, none of the 14 
bioprostheses were normal on gross anatomic study. 

Six of the 14 bioprostheses had one or more perfo- 
rations in the cusps; 5 of these had grossly evident 
calcific deposits, which often were closely adjacent to 
the perforations. In each of the 10 bioprostheses with 
calcific deposits in the cusps, these deposits appeared 
similar and consisted of pale yellow, discrete, usually 
flat plaques that were raised and projected above both 
surfaces of the leaflets (Fig. 1 and 2). Less frequently, 
they formed irregularly shaped, conical or bulbous ex- 
crescences 1 to 2 mm in height. The calcific deposits 
tended to involve all three cusps to a similar extent. 
When minimal in amount, calcific deposits tended to 
be localized to areas of the cusps immediately adjacent 
to the commissures; when more extensive, they formed 
multiple foci including the areas of apposition of the 
cusps. The most extensive deposits involved the entire 
area of each cusp. 

Histologic observations: The histologic appearance 
of the grossly visible calcific deposits (Fig. 3 and 4) was 
similar in each of the 10 bioprostheses with calcified 
cusps. The largest calcific deposits always involved the 
spongiosa (Fig. 3A) and sometimes they extended into 
immediately adjacent regions of the fibrosa and the 
ventricularis. Some small calcific deposits were confined 
entirely either to the fibrosa (Fig. 3B) or to the ventri- 
cularis. However, the large calcific deposits in the 
spongiosa more frequently displaced the other layers 
of the bioprosthesis, giving the appearance of raised 
plaques. These deposits often were multinodular, and 
adjacent nodules were separated from one another by 
fibrin deposits or by clear spaces (Fig. 4). Some of the 
latter spaces contained erythrocytes. Elastic fibers were 
devoid of calcium. The larger calcific deposits actually 
formed parts of the surfaces of the cusps, whose layered 
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structure appeared to have been completely lost (by 
erosion of the superficial layers) in such areas. The 
basophilia of the calcific deposits in histologic sections 
stained with hematoxylin-eosin was much more pro- 
nounced in peripheral than in central regions (Fig. 3). 

Calcific deposits also were recognized by electron 
microscopic study in: (1) the cardiac muscle shelf at the 
base of the right coronary cusp; (2) adipose tissue cells 
in the space between the aortic wall and the base of the 
cusps (Fig. 5A); (3) the aortic media at the level of, and 
just above, the base of the cusp (Fig. 5B); (4) organizing 
thrombi on the cuspal surfaces; and (5) infected vege- 





FIGURE 1. Case 12. Photographs of inflow surface (A), outflow surface 
(B) and roentgenogram (C) of bioprosthesis operatively removed, be- 
cause of severe stenosis, 48 months after implantation in the mitral 
position. Calcific deposits are present in each cusp and are prominent 
in the commissural regions. 
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tations produced by staphylococci (Patient 8). In the 
first two of these sites, the calcific deposits were small. 
However, in the aortic wall the deposits were larger and 
formed plaques that extended throughout the media. 
Such deposits, which involved both the smooth muscle 
cells and the extracellular spaces, had strongly baso- 
philic edges and much less basophilic cores (Fig. 5B). 
The deposits in the aortic wall were not continuous with 
those in the cusps, and therefore did not produce 
bioprosthetic dysfunction. The deposits in young and 
old patients were similar histologically. 


Other histologic changes observed in the biopros 
theses were (1) separation (delamination) of adjacen 
layers of connective tissue in the cusps, particularly ii 
the spongiosa, leaving clear spaces that often were fille: 
by proteinaceous material?; (2) loss of proteoglycai 
material from the spongiosa (best demonstrated wit] 
the Movat stain); (3) deposition of mononuclear cells 
mostly macrophages, and multinucleated giant cells oi 
the surfaces of the cusps, particularly in the outflov 
surfaces; and (4) focal thinning of the cusps, with frayin; 
and erosion of the connective tissue. In Patients 3 to 5 





FIGURE 2. Case 1. Outflow surfaces (top), inflow surfaces (middle) and roentgenograms (bottom) of the cusps of bioprosthesis removed at reoperation 
because of severe stenosis, 41 months after implantation in the mitral position. The true extent of the calcific deposits is difficult to assess from 
visual inspection, and the roentgenograms show that they consist of streaks that bear no relation to the normal anatomic features of the cusps. 
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FIGURE 3. Case 3. Light micrographs of calcific deposits in the stenotic bioprosthesis operatively removed 30 months after implantation in the 
mitral position. A, deposit that fills area corresponding to spongiosa of normal cusp. The fibrosa (F) shown at top is partially disrupted; a small thrombus 
(T) is present on the outflow surface, and the ventricularis (V) is shown at bottom. Note the dark irregular borders of the calcific deposit and the 
empty spaces that it still contains (compare with the appearance of the spongiosa in B. B, small calcific deposit (arrowheads) is localized in fibrosa 
of bioprosthesis. Note the empty appearance of the spongiosa, which is delaminated and has lost its proteoglycan material. The dark material in 
the spongiosa probably represents precipitated plasma protein components. The ventricularis appears normal. (Hematoxylin-eosin X250 [A] and 
Novat pentachrome X250 [B], both reduced by 20 percent.) 





FIGURE 4. Case 3. Histologic appearance of large multinodular calcific deposit occupying practically the entire thickness of the cusp and associated 
with a large amount of thrombotic material (T), mostly fibrin. The structure of the cusp has been severely altered. Both the fibrosa (F) and the ventricularis 
(V) appear eroded on the left and completely disrupted on the right. (Movat pentachrome X250, reduced by 20 percent.) 
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FIGURE 5. Case 8. Calcific deposits in adipose tissue cells at base of cusp (A) and in aortic wall (B). (Hematoxylin-eosin X250 and X 150, respectively, 
reduced by 20 percent.) 





FIGURE 6. Case 3. Electron micrographs of calcific deposits associated with collagen fibrils. A, electron-dense crystals of calcium phosphate 
have completely surrounded sever 


al bundles of collagen fibrils at the periphery of a large calcific mass. B, small calcific deposit appears to be 
developing associated with a bundle of collagen fibrils. Note the characteristically dense border of the deposit (X22,000 [A] and X 15,000 [B], 
reduced by 20 percent.) 
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10, 13 and 14, the latter changes were associated with 
perforation of one or more of the cusps. 
Ultrastructural observations: Certain early and 
late ultrastructural changes in porcine bioprostheses 
have been described in detail in previous publications 
from this laboratory.2? Therefore, only changes related 
to calcification are described herein. Two types of cal- 
cific deposits were considered to be of significance in 
producing bioprosthetic stenosis: deposits related to 
calcification of cuspal connective tissue structures and 
deposits related to calcification of surface thrombi. 
Calcification of cuspal connective tissue structures 
consistently involved collagen fibrils (Fig. 6 and 7) but 
seldom involved cell components of the cusps, and did 
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not involve elastic fibers. Most deposits involved areas 
in which the collagen fibrils were relatively loosely ar- 
ranged rather than tightly packed. Calcific deposits 
associated with collagen fibrils showed three different 
patterns of organization. In the first of these (Fig. 7, A 
and B), the calcific deposits directly involved the col- 
lagen fibrils but did not extend into the interfibrillary 
spaces. In the second (Fig. 6, A and B and 7, C and D), 
the calcific deposits were localized in the periphery of 
the collagen fibrils and in the interfibrillary spaces; 
however, the interior of the collagen fibrils was not in- 
volved, and the fibrils therefore appeared as electron- 
lucent cylinders surrounded by an extremely dense 
calcified matrix. In the third pattern (Fig. 7C), the cal- 


FIGURE 7. High magnification views of calcific deposits associated with collagen fibrils. Case 1, A and C; Case 3, B; Case 6, D. A and B, transverse 
(A) and longitudinal (B) views of deposits that involve the entire thickness of the collagen fibrils. In both views the calcified fibrils appear larger 
than adjacent uninvolved fibrils, suggesting spread of crystal growth into the interfibrillary spaces (X75,000 and X60,000, respectively, reduced 
by 20 percent.) C and D, calcific deposits in both of these areas occupy interfibrillary spaces. In C the crystals are also present in the interior of 
the collagen fibrils, some of which (upper right) are barely discernible. In D, the crystalline nature of the calcific deposits is evident (60,000 and 


X 127,000, respectively, reduced by 20 percent). 
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cific deposits occupied both the interfibrillary spaces 
and the interior of the fibrils, thus giving the deposits 
a relatively homogeneous appearance. This homoge- 
neous pattern was characteristically present throughout 
the central areas of large calcific deposits. In contrast, 
the interfibrillary pattern was found either at the pe- 
riphery of large masses or throughout small masses. 
Involvement of the collagen fibrils with sparing of the 
interfibrillary spaces was found only in small scattered 
groups of collagen fibrils, and not in association with 
large calcific deposits. 

Most of the calcific deposits associated with con- 
nective tissue showed a crystalline substructure when 
examined at high magnifications, regardless of their 
pattern of organization with respect to the collagen fi- 
brils. The crystals were cylindrical in shape and mea- 
sured from 280 to 330 A in length and from 65 to 80 A 
in width. These crystals often were mixed with material 
that appeared amorphous even at very high magnifi- 
cation. Energy dispersive X-ray microanalysis revealed 
the presence of calcium and phosphorus in these crys- 
tals, and X-ray diffraction analysis disclosed patterns 
similar to that of apatite. Degeneration of the collagen 
(usually of severe degree) was often associated with the 
calcific deposits, but the most severely degenerated 
collagen was not necessarily the most calcified, and 
extensive calcific deposits sometimes were evident in 
areas where collagen showed little or no change. 

Small calcific deposits were occasionally found to 
overlie mitochondria (Fig. 8A) and rarely, nuclei (Fig. 


8B) of porcine cells in the cusps. They were located i 
areas in which other structures were severely calcifiec 
and they constituted a small fraction of the total « 
calcific deposits. No structures resembling the “matri 
vesicles" of other calcifying tissues??24 were found i 
any bioprosthetic cusp. 

Calcific deposits associated with vegetations an 
thrombi were composed of plate- or needle-shape 
crystals (Fig. 9), which measured up to 80 À in maxim: 
thickness and up to 1,000 À in largest diameter. Th 
smallest of these deposits were located within remnant 
or "ghosts" of platelets and leukocytes that appeare: 
to have been trapped within a mesh of fibrin strand: 
These deposits usually were within mitochondria. Th 
fibrin strands were not sites of deposition of calcifi 
crystals. 


Discussion 


Features of Calcific Deposits in 
Porcine Bioprostheses: 


Predisposing factors: This study reveals that cal 
cification of porcine bioprostheses can occur in adult 
as well as in children, that the most important sites o 
formation of calcific deposits in both age groups are th: 
connective tissue in the cusps and thrombi and vege 
tations on the surfaces, and that calcific deposits are a1 
important cause of prosthetic valve dysfunction. Ou 
findings are in accord with those of previous clinica 
studies t7? of calcification of porcine bioprostheses 





FIGURE 8. A, Case 1; B, Case 3. Intracellular calcific deposits in valvular connective tissue cells of porcine origin are few and small, and involved 


mitochondria (A) and nuclei (B), (X44,000 [A] and X18,000 [B], reduced by 20 percent) 
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Those studies (Table II) have documented the occur- 
rence of calcification in a total of 37 bioprostheses im- 
planted in 34 patients. The time between implantation 
and removal of the bioprostheses averaged 28 months, 
which was less than the mean time of 39 months in our 
patients. This difference reflects the greater number of 
children in Table II than in our group of patients. The 
average age of our patients was 32 years; that of the 
patients in Table II was 23 years. Although these data 
indicate that calcification of porcine bioprostheses is 
more frequent and develops more rapidly in children 
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and young adults than in older patients, our study shows 
that the gross anatomic, histologic and ultrastructural 
features of the calcific deposits are the same in both age 
groups, thus suggesting that the causative processes are 
similar. Evidence of infection was present in the calci- 
fied valves in two of our patients and in seven of the 
patients previously described (Table II). Metabolic 
factors that could have contributed to the formation of 
calcific deposits were identified in only one of our pa- 
tients and in only three of the patients in Table II; in all 
four patients, the factor was chronic renal insufficiency. 





FIGURE 9. Case 8. Calcific deposits associated with thrombotic material on the surface of the bioprosthesis. A, low magnification view showin 


large masses of electron-dense crystals adjacent to thrombus. B, hi 
shown in A. C, remnants of platelets trapped in fibrin mesh (F) contai 


20 percent.) 


gh magnification view demonstrating the plate-like structure of the crystal 
n calcific deposits. (X 13,000 [A], X25,700 [B], X37,000 [C], reduced b 
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Thus, coexisting metabolic disorders are not recogniz- 
able in the majority of patients in whom calcific deposits 
develop in porcine bioprostheses. 

Frequency: Such deposits are common. The 14 cal- 
cified bioprostheses reported in our study represent 
nearly 50 percent of all bioprostheses examined with 
electron microscopy in our laboratory. Because these 
bioprostheses were submitted for study for a variety of 
reasons, they do not constitute a representative sample 
of all implanted porcine bioprostheses. Nevertheless, 
in the only large institutional experience thus far re- 
ported, Billingham et al.?? observed calcific deposits in 
17 (34 percent) of 50 porcine bioprostheses recovered 
at Stanford University Hospital between 1974 and 1978. 
Failure to detect calcific deposits may be related to the 
fact that histologic sections of these bioprostheses 
usually are taken from the central portions of the cusps. 
Because the earliest deposits are most frequently lo- 
cated near the commissures, such deposits may be 
missed. In our experience, the most sensitive technique 
for detecting calcific deposits in porcine bioprostheses 
is X-ray examination of the entire explanted biopros- 
thesis. 


Valve dysfunction: Factors such as size and location 
will determine whether the calcific deposits cause 
bioprosthetic dysfunction. Recent observations indicate 
that significant degrees of bioprosthetic stenosis related 
to calcification of porcine bioprostheses can occur in 
relatively asymptomatic patients.?9 This clinical sit- 
uation parallels that which is well known to occur in 
stenosis affecting natural mitral values. Therefore, the 
lack of symptoms does not exclude the possibility of 
significant bioprosthetic stenosis. 


Mechanisms of Calcific Deposits 


Calcific deposits have been found in porcine 
bioprostheses implanted in experimental animals?7.28 
as well as in other types of bioprostheses implanted in 
patients, including dura mater valves,?? fascia lata 
valves,?530-33 porcine valves treated with formalin,® 
periodate** or mercuric salts, fresh?935 or glutaral- 
dehyde-treated*® pericardial bioprostheses, and ho- 
mografts preserved by antibiotics, beta-propriolactone, 
freeze-drying or irradiation.?7-4? In addition, calcific 
deposits involving thrombotic material deposited on the 
sewing ring? or on Teflon? cusps?? also have occurred 


TABLE Il 
Reports of Calcific Deposits in 37 Glutaraldehyde-Treated Porcine Bioprostheses Implanted in 34 Patients 
Factors 
Refer- PB Removal Predis- 
ence Age (yr) at Type of Site VTL a RARE 3074 posing 
(first PB (n) PB Implan- of Time to 
author) With Catt tation Sex Disease PB (mo) Cause Catt 
Carpentier* 4 A 60 Death 
PC 16 Death 
Zylberberg® 1 18 
Mcintosh® 1 m 56 Am iF 
Zuhdi? 6 r^ Ms IE Infection 
Magilligan® 2 RP A, m 36 Death Infection 
Levitsky? 1 8 bait Es 19 Death 
Fishbein "9: 2 35 M A,m 6 Death Renal 
Cohn"? failure 
Albert"! 2 A 61 Stenosis 
m 12 Stenosis 
Thiene '2 3 az ees v t P. E 
Forfar 1° 1 26 M Endocarditis m 0.5 Stenosis 
Rose '4 1 13 F m 12 Death ^: 
Hetzer !5 1 64 F 2 Death Renal 
failure 
Kutsche !$ 3 8 F MR (cong) m 58 Stenosis 
12 M MR (cong) m 43 Stenosis 
Platt !8 1 50 M A i a 33 Death 
Geha !? 5 9.5 F AR A 26 Stenosis 
9 F AS (cong) A 45 Stenosis 
16 M AS A 41 Stenosis 
5 M MR m 22 Stenosis 
Lamberti2° 3 18 F MR m 31 Stenosis he 
45 F MR, TR m, T 16 Death Renal 
failure 
Total 37 23 M 6; m 12; 28 Stenosis 10; Renal 
(34 pts) (aver- F7 AT: (aver- IE 6; failure 3; 
age) n age) death 11 infection 7 


A = aortic valve; AR = aortic regurgitation; AS = aortic stenosis; Cat+ = calcium; cong = congenital; IE = infective endocarditis: m = mitral 


valve; MR = mitral regurgitation; PB = porcine bioprosthesis; PC = pulmonary 


. .. = information not available. 


conduit; pts = patients; T = tricuspid valve; TR = tricuspid regurgitation; 
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in rigid-framed valves. The actual frequency of these 
changes has not been studied and the histologic features 
of calcific deposits in prosthetic heart valves have been 
the subject of few studies. The aortic wall in homografts 
has been reported to undergo much more severe calci- 
fication than the cusps.4%4445 The localization of calcific 
deposits in valve bioprostheses has not been studied in 
detail, although calcified collagen has been observed in 
variously prepared porcine bioprostheses.? In this study, 
several sites of calcification were identified in porcine 
bioprostheses. Among these were collagen, organized 
thrombi and vegetations, mitochondria and nuclei of 
cells of porcine origin, and the cytoplasm of adipose 
tissue cells. Of these sites, collagen and thrombotic 
material appeared to be the most important; the de- 
posits at these sites represent the results of different 
mechanisms and therefore will be considered sepa- 
rately. 

Calcification of collagen: The process of normal 
calcification of tissues such as bone, cartilage and teeth 
basically consists of the deposition of a crystalline in- 
organic phase, composed of a form of calcium phosphate 
known as hydroxyapatite, on a preexisting matrix of 
collagen fibrils that are associated with proteoglycans 
(complexes of proteins and acid mucopolysaccharides), 
noncollagen glycoproteins, peptides, lipids and other 
components of connective tissue ground substance.*°*/ 
The calcium and phosphate ions are derived from the 
circulating blood and can come into contact with the 
calcifying matrix either directly, by simple diffusion or 
after being absorbed and concentrated within connec- 
tive tissue cells.46 

The nature of the initial sites of formation of calcific 
deposits in the organic matrix of calcifying connective 
tissues is still the subject of controversy, although there 
is complete agreement that the end result, calcification 
of collagen, is similar regardless of the initial events. In 
early stages of development of bone, cartilage and 
dentine, the process of calcium deposition is initiated 
by structures known as matrix vesicles.???4 These ves- 
icles are secreted by connective tissue cells, are limited 
by single trilaminar membranes and contain small 
needle-shaped crystals of calcium phosphate. These 
crystals grow in size as the membranes of the matrix 
vesicles rupture, and extension and coalescence of 
crystal growth lead to calcification of the collagen. In 
many instances other than early development, the 
process of calcification of collagenous structures occurs 
without participation of matrix vesicles, and in these 
instances the collagen itself becomes the site of forma- 
tion and growth of nuclei of crystallization.*6 This 
mechanism appears to be responsible for calcification 
of connective tissue in porcine bioprostheses, in which 
we found no matrix vesicles. Porcine valve connective 
tissue cells cannot participate in a process of secretion 
of matrix vesicles, because these cells are killed by the 
commercial processing of glutaraldehyde. Direct in- 
volvement of collagen in the formation of calcific de- 
posits also is suggested by our finding of small foci of 
calcium phosphate crystals overlying collagen fibrils. 
The morphologic features of calcified collagen in porcine 
bioprostheses are similar to those of calcific deposits 
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occurring spontaneously and induced experimentally, 
both in vivo and in vitro, in collagen in tendons of ani- 
mals48-53 and in skeletal muscle of human beings with 
fibrositis (myositis) ossificans.*® 

The initial deposits of calcium in mineralizing 
connective tissues consist of amorphous calcium 
phosphate; this amorphous material is gradually 
transformed into crystalline hydroxyapatite.525? The 
current concepts of the relation of the collagen to the 
calcific deposits are that (1) phosphate groups form 
covalent bonds that connect the organic and inorganic 
components in calcified tissues; (2) epsilon-amino 
groups present in lysine and hydroxylysine are of im- 
portance in forming the bonds between native collagen 
and phosphate groups; (3) many of the hydroxylysine 
residues normally are either linked (glycosylated) to 
noncollagen carbohydrate material or modified to form 
covalent cross-links; and (4) the three dimensional 
structure of the collagen fibril is also of importance in 
determining the availability of these groups for reacting 
with phosphate and serving as centers of nucleation.*®°* 
Thus, all collagen appears to be theoretically capable 
of calcifying. The reason that many areas of collagen do 
not calcify in vivo has been attributed to the presence 
in the ground substance in such areas of proteoglycans 
and glycoproteins, which are associated with colla- 
gen53,54 and which mask or block the sites that would 
react with phosphate and calcium to become nucleation 
centers.°? This concept appears to be applicable to the 
calcification of collagen in porcine valve bioprostheses. 
This calcification is most marked in the spongiosa, the 
layer that in the native porcine valve is most abundant 
in proteoglycan material. We? have previously shown 
that this material is lost after commercial processing 
and implantation, and we believe that this loss of 
proteoglycan may predispose to calcification for two 
reasons. The first reason is the uncovering of phos- 
phate-binding sites in the collagen, as previously men- 
tioned. The second reason is the loss of proteoglycan. 
leaving empty spaces in the spongiosa; these spaces may 
become filled with deposits of plasma proteins and other 
blood constituents, which in turn may provide addi- 
tional sites of calcification. 

The possible participation of other proteins in cal- 
cification of collagen is suggested by the recent iden- 
tification of several different classes of proteins that 
have a high binding affinity for calcium.55-59 This 
binding affinity is related to their content of gamma 
carboxyglutamic acid, an unusual amino acid that i: 
formed by a reaction that requires vitamin K and bi 
carbonate. Some of these proteins (the vitamin K 
dependent blood clotting proteins) are present in nor 
mal blood; others have been found in tissues undergoin; 
normal (bone) or abnormal (renal calculi, atheroscle 
rotic plaques, skin in scleroderma and dermatomyositis 
calcification.55-?7 Levy et al.5859 found gamma-car 
boxyglutamic acid in hydrolysates of protein materia 
extracted from porcine bioprostheses that had mani 
fested calcific deposits after being implanted in patients 
and from calcified native aortic valves, but not fron 
noncalcified bioprostheses. The origin (from circulatin 
blood or from in situ synthesis), the localization in th 
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bioprosthetic tissue and the significance of this protein 
material in porcine valves have not yet been established. 
Nevertheless, these findings are important because they 
represent a new, incompletely understood aspect of 
biologic calcification. 

The role of pretreatment with glutaraldehyde in 
modifying the tendency of porcine bioprostheses to 
undergo calcification is unclear. Such pretreatment 
introduces several additional cross-links in collagen, 
thus stabilizing the structure of the fibrils. This finding 
suggests that the inability of calcium and phosphate to 
penetrate into the highly cross-linked interior of the 
collagen fibrils may explain why calcific deposits often 
(Fig. 7, C and D) do not extend into the cores of collagen 
fibrils in porcine bioprostheses. Such penetration would 
result in complete calcification of the collagen fibrils 
(Fig. 7, A and B), which was a less frequent microscopic 
finding in our study. Glutaraldehyde reacts in a complex 
manner with free amino groups in lysine and hydroxy- 
lysine,9? thus possibly preventing them from reacting 
with phosphate to initiate the férmation of calcific de- 
posits. However, it is probable that new lysine and hy- 
droxylysine residues (or other reactive residues) are 
brought into the tissue after implantation through 
plasma proteins that penetrate between collagen fibers 
and permeate the connective tissue framework. A large 
incidence of calcification developed in porcine 
bioprostheses that had been prepared for clinical use 
by treatment first with sodium metaperiodate, a mild 
oxidizing agent,®! and ethylene glycol and then with 
glutaraldehyde.?* The exact relation between this oxi- 
dative process and the subsequent development of 
calcification has not been clarified. It is known from 
other observations 496? that the process of calcification 
of biologic materials is subject to considerable modifi- 
cations by a wide variety of agents, including hormones 
(parathormone and calcitonin), vitamin D and alkaline 
phosphatase (an enzyme that hydrolyzes various 
phosphate esters and thus generates inorganic phos- 
phate, which contributes to calcification). Thus, calci- 
fication of collagen in porcine bioprostheses tends to be 
most marked in children, in whom the balance of hor- 
monal and metabolic factors clearly favors the deposi- 
tion of calcium phosphate in collagen in other tissues 
such as bone. A predisposition to calcification of soft 
tissues is well known to occur in patients with chronic 
renal disease and secondary hyperparathyroidism.5? 

Calcification of thrombotic material: Thrombi in 
various sites are known to calcify, most notably in the 
left atrium of adults with mitral stenosis. The mecha- 
nisms of formation of calcific deposits in thrombi have 
not been studied ultrastructurally. Our observations 


show that the sites of initial calcification in thrombi and 
vegetations are platelets and leukocytes that become 
trapped in the fibrin mesh. The intracellular compo- 
nents that undergo calcification are the mitochondria, 
and crystal growth from these sites leads to the forma- 
tion of large confluent and calcific masses. These masses 
in turn probably induce the formation of additional 
thrombi, and repeated episodes of thrombosis and cal- 
cification probably account for the layered or laminated 
appearance of calcific deposits of this type. As in the 
case of calcification of collagen, calcification of mito- 
chondria represents a commonly occurring biologic 
phenomenon. Mitochondria are the sites of calcification 
in ischemic heart muscle cells$465 and in other cell types 
in many other conditions. Thus, mitochondrial cal- 
cification constitutes a basic mechanism for the initia- 
tion of intracellular calcification, and from mitochon- 
dria the deposits can spread and fill the entire cell. This 
mechanism is important with respect to host cells in 
surface thrombi, but seems to be operational only to an 
extremely limited extent in the porcine cells in 
bioprostheses. Perhaps this is so because the accumu- 
lation of calcium in mitochondria, at least in its initial 
stages, is an active process that occurs in cells that may 
be injured but are still alive.66 This process excludes 
porcine cells, which are killed by the glutaraldehyde 
processing. 

Implications: Calcific deposits are commonly found 
in implanted porcine bioprostheses. In some of these 
prostheses, particularly in those implanted in children 
and young adults, they are the cause of important de- 
grees of bioprosthetic dysfunction. They can be caused 
by calcification of cuspal collagen or of thrombotic 
material on the cuspal surfaces. An understanding of the 
mechanisms of formation of these two types of deposits 
is essential for the formulation of measures designed to 
prevent calcification of tissue valves. 


Addendum 


Four very recent reports97-7? have provided addi- 
tional documentation of the occurrence of early, severe 
calcification of porcine valve bioprostheses implanted 
in children and young adults without metabolic diseases 
or infective endocarditis. In some patients9869 the cal- 
cification was associated with degeneration of collagen. 
It was suggested? that this calcification may be pro- 
moted by host factors related to calcium homeostasis. 
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Twenty patients with a prosthetic valve (lonescu-Shiley or Bjork-Shiley) 
in the aortic position were studied for evidence of intravascular hemolysis. 
Serum lactic dehydrogenase and serum haptoglobin levels were used as 
the most sensitive indicators of hemolysis. Elevated concentrations of 
lactic dehydrogenase were found in all 10 patients with an lonescu-Shiley 
prosthesis (mean 402 IU/liter) and in 7 of 10 patients with a Bjork-Shiley 
prosthesis (mean 234 IU/liter). The mean serum haptoglobin was 15 mg/dl 
(range 10 to 28) in patients with the lonescu-Shiley valve and 96 mg/dl 
(15 to 284) for those with the Bjork-Shiley valve. This study indicates the 
presence of chronic intravascular hemolysis in patients with the lon- 
escu-Shiley aortic valve. The increase in lactic dehydrogenase was sig- 
nificantly greater in patients with the lonescu-Shiley prosthesis than in 
those with the Bjork-Shiley prosthesis, indicating a slightly shorter red 
cell life span in the former group. 


Intravascular hemolysis in patients with prosthetic heart valves has been 
recorded for ball valve and disc prostheses.!-^ The newer tissue valves 
have been the subject of fewer studies.5-7 Recent reports?-!? have stated 
that the Ionescu-Shiley pericardial xenograft does not cause detectable 
hemolysis. In contrast, we!! have found evidence of hemolysis associated 
with this prosthesis in the mitral position. In this study we attempted 
to assess the incidence and severity of hemolysis in 10 patients with the 
Ionescu-Shiley xenograft in the aortic position. The results were com- 
pared with those found in 10 patients with a Bjork-Shiley aortic valve 
disc prosthesis. 


Methods 


Patients: Twenty patients (14 men and 6 women) who had undergone aortic 
valve replacement were studied; of these, 10 patients had valve replacement with 
the Ionescu-Shiley xenograft and 10 with the Bjork-Shiley prosthetic valve. In 
the group with the Ionescu-Shiley valve, the hematologic studies were performed 
at a mean interval of 10.6 months (range 3 to 16) after aortic valve replacement; 
five valve sizes (anulus diameter 19, 21, 23, 25 and 27 mm) were used. The mean 
age of the patients in this group was 53.8 years (range 20 to 72). The group with 
the Bjork-Shiley valve was studied at a mean interval of 31 months (range 3 to 
48) after operation; three valve sizes (anulus diameter 21, 23 and 25 mm) were 
studied. The mean age of the patients in this group was 58.5 years (range 47 to 
65). 

Of the 10 patients with an Ionescu-Shiley valve, 9 underwent postoperative 
hemodynamic and angiographic investigations; 8 of the 9 had a competent valve, 
and all had a small transvalve gradient. One patient had a grade I/IV paravalve 
leak. 

Laboratory studies: To assess hemolysis, the following laboratory tests were 
performed: a complete blood count with reticulocyte count, platelet count, red 
cell indexes and examination of the blood smear. Other studies included deter- 
mination, by standard methods, of serum haptoglobin, serum lactate dehydro- 
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TABLE | 
Comparison of Hematologic Variables in 10 Patients With the lonescu-Shiley and 10 With the Bjork-Shiley Aortic Prosthesis 
Serum LDH SGOT Serum Haptoglobin Hemoglobin Hematocrit Reticulocyte 
(IU/liter) (IU/liter) (mg/dl) (g/ 100 ml) (96) Count (96) 
Normal range 90-215 10-50 170-300 12.5-18 38 to 52 «2 
lonescu-Shiley 
Mean 402 37 15 13.8 40 2.3 
Range 294-580 28-48 10-28 12.5-16 8-46 0.5-5.6 
Bjork-Shiley 
Mean 234 31 96 14.5 42 0.8 
Range 178-287 24-37 15-284 13.1-16 38-47 0.5-1.0 
p value «0.05 NS «0.05 NS NS «0.05 


LDH = lactic dehydrogenase; n = number; NS 
transaminase. 


genase with isoenzymes, serum glutamic oxaloacetic trans- 
aminase (SGOT) and total bilirubin concentration. Serum 
iron, total iron-binding capacity, iron saturation, urine he- 
mosiderin were also measured and Coombs' test was per- 
formed. 

Clinical features: Clinical assessment of all patients, to- 
gether with hemodynamic and angiographic evaluation (9 of 
the 10 patients with an Ionescu-Shiley valve), revealed no 
apparent contributory cause of the hemolysis, with the ex- 
ception of a mild grade (I/IV) paravalve leak in one patient 
with the Ionescu-Shiley valve; in addition, one patient with 
the latter valve had a sinus of Valsalva aneurysm repaired with 
a Dacron? patch. There were no recent episodes of myocardial 
infarction by clinical or electrocardiographic evidence. The 
patients showed no evidence of autoimmune disease (negative 
Coombs' test). Hence, any intravascular hemolysis was wholly 
attributable to the prosthesis in most patients. 

Student's t test was used for statistical evaluation of the 
results. Probability (p) values greater than 0.05 were con- 
sidered not statistically significant. 


600 


200 


_ 490 
- 
xx 
2 
ó 300 
2] 
zoo 
100 
O 
20 40 60 80 100 120 
Haptoglobin (mg/dL) 
736 November 1980 The American Journal of CARDIOLOGY 


x Bjork - Shiley 


€ ionescu-Shiley | 
eee, eee. "et 





140 


= not significant; p = probability (p <0.05 = significant); SGOT = serum glutamic oxaloaceti 


Results 


Serum lactic dehydrogenase: Laboratory datz 
obtained from patients with the two types of aortic valve 
prosthesis are summarized in Table I and Figure 1. The 
mean value for serum lactic dehydrogenase in patients 
with an Ionescu-Shiley valve (402 IU/liter) was signif- 
icantly (p <0.05) greater than the mean value for pa- 
tients with a Bjork-Shiley valve (234 IU/liter). In the 
latter group, lactic dehydrogenase values were only 
slightly higher than the normal range. The highest value 
(580 IU/liter) was obtained in a patient with an Ion- 
escu-Shiley valve who had the mild paravalve leak. 

Serum haptoglobin: Reduced serum haptoglobin 
was found in 100 percent of patients with an Ionescu- 
Shiley prosthesis (less than 50 mg/dl in all cases), but 
in only 80 percent of patients with a Bjork-Shiley valve 
(two patients had normal values). Mean values for 
haptoglobin were lower than normal in both patient 


FIGURE 1. Plot diagram showing the relation be- 
tween serum lactic dehydrogenase (LDH) and 
haptoglobin values in patients with the lonescu- 
Shiley or Bjork-Shiley prosthesis. The horizontal 
interrupted line marks the upper normal range for 
lactic dehydrogenase, and the vertical interrupted 
line marks the lower normal range for hapto- 
globin. 
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groups (Table I). In patients with the Ionescu-Shiley 
valve, elevated lactic dehydrogenase values were always 
associated with reduced haptoglobin. In the group with 
the Bjork-Shiley valve haptoglobin was reduced in some 
patients in spite of normal lactic dehydrogenase values 
(Fig. 1). 

Relation to valve size: The relation between valve 
size and values for lactic dehydrogenase and serum 
haptoglobin is shown in Figures 2 and 3, respectively. 
The degree of hemolysis as measured by either value 
apparently had no direct relation to valve size in any of 
the two prostheses evaluated. 

Other signs of hemolysis: Hemoglobin concentra- 
tions (Table I) were definitely but not significantly 
lower in patients with an Ionescu-Shiley prosthesis. 
Reticulocyte counts were raised in four patients with an 
Ionescu-Shiley prosthesis (2.1, 2.8, 3.0, and 5.6, re- 
spectively). In the group with the Bjork-Shiley pros- 
thesis hemolysis was so slight that reticulocyte counts 
were normal in all. One patient with an Ionescu-Shiley 
valve and a mild paravalve leak had hemosiderinuria. 
This patient also had the highest lactic dehydrogenase 
value (580 IU/liter). Bilirubin values were normal in all 
patients except one with an Ionescu-Shiley valve who 
had a marginally raised level. 

Other laboratory values: The Coombs' test was 
negative in all patients in both groups. This finding 
suggests that no immune mechanism was involved in 
the hemolytic process. Serum glutamic oxaloacetic 
transaminase, serum iron, total iron binding capacity, 
peripheral blood smear and platelets were normal in 
patients in both groups. 


Discussion 


Hemolysis as a complication of valve replace- 
ment: Chronic intravascular hemolysis is a well-known 
complication of valve replacement and is probably re- 
lated to the mechanical design of the prosthesis itself.!? 
Measurement of serum lactic dehydrogenase (LDH, red 
cell isoenzyme) is a sensitive method of estimating in- 
travascular hemolysis, and the level correlates well with 
the shortening of erythrocyte survival time.!? It was 
elevated in all patients with an Ionescu-Shiley pros- 
thesis, but in only two thirds of those with a Bjork- 
Shiley valve. In patients with the former valve, most 
lactic dehydrogenase values were in the range of 300 to 
500 IU/liter, indicating a slightly or only moderately 
reduced life span of erythrocytes.!? 

Serum haptoglobin levels have been used in previous 
reports’ as another index of hemolysis. In our series the 
haptoglobin levels were greatly decreased in all patients 
with the Ionescu-Shiley valve and less markedly de- 
creased in those with the Bjork-Shiley valve. 

A positive direct Coombs' test has been reported in 
patients after heart valve replacement. It has been 
suggested that an immune mechanism may be involved 
in some cases of hemolysis after valve replacement.!^ 
In our study the direct Coombs' test was negative in all 
cases. Therefore, it is unlikely that an immune mecha- 
nism played a role in the hemolysis detected in our se- 
ries. 


d " = Pr iat tes = * a " 


IONESCU-SHILEY XENOGRAFT AND HEMOLYSIS—FEBRES-ROMAN ET AL. 


600 e lonescu-Shiley 
x Bjork-Shiley 


500 


400 


= 
3 
H x è 
A 
eo 
= 


300 





i9 21 23 25 27 
Valve size (mm) 


FIGURE 2. Serum lactic dehydrogenase (LDH) values related to valve 
size and type. The shaded area shows the normal range. Valve size 
is indicated by the valve number given by the manufacturer. 


Role of size and type of valve prosthesis: There has 
been controversy about whether prostheses of the same 
type cause different degrees of hemolysis in the aortic 
and mitral position.!2:!5 We! previously found that the 
Ionescu-Shiley prosthesis in the aortic position caused 
slightly greater hemolysis than the same valve in the 
mitral positon. Similar findings have been reported with 
the Starr-Edwards prosthesis.?:!^ 

Hemolysis has been reported to be dependent on the 
size of the prosthesis.*!6 Other investigators! have re- 
ported no correlation between the degree of hemolysis 


Haptoglobin (mg/dL) 
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FIGURE 3. Serum haptoglobin values related to valve size and type 
Conventions as in Figure 2. 
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and the valve size. We found no direct relation between 
lactic dehydrogenase, haptoglobin and valve size (Fig. 
2 and 3). 

There is conflicting evidence concerning the value of 
increased serum lactic dehydrogenase as an indicator 
of a paravalve leak.!’ In our series, the highest value for 
lactic dehydrogenase was found in a patient with the 
only Ionescu-Shiley valve with a mild paravalve leak. 
Nevertheless, our data are inconclusive in this re- 
spect. 

Implications: This hematologic study was carried 
out at a relatively short postoperative time interval in 
the group with the Ionescu-Shiley valve (mean 10.6 


months). Investigators with a longer observation period 
of patients with other types of prostheses have reported 
a regression of hemolysis due to endothelialization of 
the valve structures.’ If this interpretation is correct, 
with time one would observe a lesser degree of eryth- 
rocyte destruction with the Ionescu-Shiley xenograft 
than that indicated by our data. 

In conclusion, this study has indicated the presence 
of chronic, mild intravascular hemolysis in patients with 
the Ionescu-Shiley prosthesis. The findings are sug- 
gestive of a significantly greater incidence and degree 
of hemolysis in patients with this prosthesis than in 
those with the Bjork-Shiley prosthesis. 
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The course of the descending thoracic aorta has recently been visualized 
with two dimensional echocardiography and its presence confirmed with 
contrast studies. In the parasternal short axis view, we used the location 
of the descending thoracic aorta to differentiate pericardial from pleural 
effusions in 40 patients. Sixteen patients, each with an isolated pericardial 
effusion, had an echo-free space between the descending thoracic aorta 
and left ventricular posterior wall. Nine patients, each with an isolated 
pleural effusion, had an echo-free space posterior to the descending aorta. 
Fifteen patients, each with both a pericardial and a pleural effusion, had 
echo-free spaces both between the descending thoracic aorta and left 
ventricular posterior wall and also posterior to the descending thoracic 
aorta. With one exception, all patients had anatomic confirmation of these 
findings. Forty-one patients undergoing cardiac surgery served as controls 
and none had a posterior echo-free space in relation to the descending 
thoracic aorta. At operation, no pericardial or pleural effusion was evident. 
The location of the descending thoracic aorta on two dimensional echo- 
cardiography serves as a valuable landmark in localizing the pericar- 
dial-pleural interface, thereby differentiating pericardial from pleural 
effusions. 


There may be difficulty in differentiating pericardial from pleural 
effusions with M mode echocardiography, especially when a large pos- 
terior effusion is visualized without a concomitant anterior effusion.!~° 
M mode echocardiography may also be unreliable in differentiating a 
pericardial from a pleural effusion when the echo-free space extends 
behind the left atrium. In addition, the presence of a large left atrium 
may be mistaken for an effusion. t247 

Recently, Mintz et al.8 visualized the position and course of the de- 
scending thoracic aorta with two dimensional echocardiography. Its 
presence was confirmed by means of an intravascular catheter and in- 
jection of indocyanine green or saline. Anatomically, the descending 
thoracic aorta lies between the pericardium and pleura (Fig. 1, left). 
Because the descending thoracic aorta is interposed between the peri- 
cardium anteriorly and the pleura posteriorly, it may be a useful land- 
mark in the differentiation of posterior effusions. 

The purpose of this study is therefore twofold: (1) to observe the 
spatial relation between the descending thoracic aorta and pericardial 
and pleural interfaces; and (2) to determine the value of two dimensional 
echocardiography in differentiating pericardial from pleural effusions 
by localization of the descending thoracic aorta. 


Methods 


Study patients: The clinical, chest roentgenographic, electrocardiographic, 
echocardiographic and pathologic findings in 40 patients with either pericardial, 
pleural or combined effusions and in 41 control patients were analyzed retro- 
spectively. Sixteen men and 24 women had effusions. They ranged in age from 
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12 to 77 years (median age 56.5). Twenty-three men and 18 
women constituted the control group. They ranged in age from 
19 to 73 years (median age 56). 

The patients were separated into four groups: Group I 
comprised 41 control patients who underwent various cardiac 
surgical procedures. These patients had no effusions on two 
dimensional echocardiography and had confirmation of the 
negative findings at cardiac operation. 

Group IT comprised 16 patients with an isolated pericardial 
effusion that was proved at operation in 9 patients and by 
pericardiocentesis in 6. One patient with congestive heart 
failure had echocardiographic evidence of an effusion that 
subsequently disappeared with diuresis. Chest roentgenog- 
raphy showed no pleural effusion in any of these patients. 


Group III comprised nine patients with an isolated pleural 
effusion. The effusion was confirmed by thoracentesis in two 
patients, at postmortem examination in two and by chest 
roentgenogram in seven. 

Group IV comprised 15 patients with combined pericardial 
and pleural effusions. Pericardial effusion was confirmed at 
operation in seven patients, by pericardiocentesis in seven, 
and by postmorten examination in one patient. Pleural effu- 
sion was confirmed by chest roentgenogram in these pa- 
tients. 7 

Echocardiography: M mode echocardiographic studies 
were performed in the supine or left lateral decubitus position 
using either a Smith-Kline Ekoline 20A ultrasonoscope in- 
terfaced with an Irex 101 Continutrace recorder or an Irex 
System II ultrasonoscope. Two dimensional echocardio- 
graphic studies were performed in the supine or left lateral 
decubitus position using a Varian V3000 or a Grumman 
RT-400 phased-array sector scanner. The M mode echocar- 
diographic study consisted of a standard longitudinal sweep 
from the aorta to below the level of the mitral valve leaflets. 
The two dimensional echocardiographic study consisted of 
a parasternal long axis view and a series of continuous 
parasternal short axis views from the level of the aortic leaflets 
to the left ventricular apex. In the parasternal long axis view, 
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the descending thoracic aorta appeared as a pulsatile echo-free 
space in the posterior atrioventricular groove.? In the paras. 
ternal short axis view, the descending thoracic aorta appearec 
as a circular or oval echo-free space at the level of the mitra 
leaflets and papillary muscles. At this level, the descending 
thoracic aorta was located directly behind the left ventricle. 
At the level of the left atrium, the descending thoracic aortz 
was located directly behind the left ventricle.9 At the level o 
the left atrium, the descending thoracic aorta was visualized 
lateral to and behind the left atrium. 

During both M mode and two dimensional echocardio- 
graphic studies, gain and reject settings were adjusted for 
maximal far field resolution and definition. Images were re- 
corded on videotape for later playback and analysis. This 
analysis was performed at real time speed, slow motion speed 
and stop action. The images presented on the screen were 
reproduced with Polaroid* photographs. 


Results 


Group I: The 41 control patients underwent open 
heart surgical procedures. These included, alone or in 
combination, saphenous vein-coronary bypass, ven- 
tricular aneurysmectomy, mitral or aortic valve re- 
placement, mitral valve commissurotomy, tricuspid 
valve replacement and closure of atrial septal defect. 
Each patient was found to have physiologic amounts of 
fluid (less than 16 ml) or no pericardial fluid at the time 
of operation. 

M mode studies were performed in 28 patients. 
Twenty-six studies showed no echo-free spaces. Two 
studies demonstrated the presence of a small posterior 
echo-free space. None of the 41 control patients had a 
pericardial or pleural effusion on the two dimensional 
study. Figure 1, right, shows the two dimensional 
echocardiogram of a control patient. The descending 
thoracic aorta was visualized directly behind the left 





FIGURE 1. Left, cadaver transverse section at the level of the papillary muscles (PM) demonstrating the relation of the posterior pericardium (open 
arrow), left pleural space (dark arrow), and lung to the descending thoracic aorta (Desc. Ao.). Right, two dimensional echocardiographic parasternal 


short axis view in a normal subject. Orientation is similar to that in the 
separation of the descending thoracic aorta from the left ventricular (LV 


ventricle. 


panel at left. No pericardial or pleural effusion is present, and there is no 
) posterior wall. A = anterior; L = left; P = posterior; R = right; RV = right 
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ventricle in the parasternal short axis view. No echo-free 
space was visualized either anterior to or posterior to the 
descending thoracic aorta. 

Group II: These 16 patients had isolated pericardial 
effusion due to malignancy (4 patients), congestive heart 
failure (3), postoperative hemopericardium (3), idio- 
pathic causes (2), uremia (1), Dressler’s syndrome (1), 
myxedema (1) and infection (1). Cardiomegaly was 
present on chest roentgenography in 14 patients. The 
surface electrocardiogram demonstrated low voltage 
(less than 0.5 mV) in the limb in only four (25 percent) 
of these patients. 

M mode echocardiograms, performed in 15 of the 16 
patients, revealed anterior and posterior echo-free 
spaces compatible with a pericardial effusion in 13. One 
patient had a large posterior echo-free space without an 
anterior effusion; the echo-free space extended behind 
the left atrium and left ventricle. One other patient had 
no echo-free space visualized. 

All 16 patients demonstrated a pericardial effusion 
on the two dimensional echocardiographic study. In 
all, the echocardiographic pattern demonstrated in the 
parasternal short axis view was similar: An echo-free 
space was visualized anterior to the descending thoracic 
aorta (Fig. 2), interposed between the aorta and the left 
ventricular posterior wall. The normal spatial relation 
between the left ventricular posterior wall and de- 
scending thoracic aorta was altered. A distinct separa- 
tion of these structures was present as the pericardial 
fluid appeared to push the heart anteriorly in the me- 
diastinum or to push the aorta posteriorly away from 
the heart. No echo-free space was present behind the 
descending thoracic aorta. 





FIGURE 2. Two dimensional echocardiographic parasternal short axis 
view in a patient with a posterior pericardial effusion (Peric. Eff.). The 
pericardial effusion appears as an echo-free space anterior to the de- 
scending thoracic aorta (Desc. Ao.). A distinct separation of the de- 
scending aorta and left ventricular (LV) posterior wall is present. RV 
— right ventricle. 


Group III: These nine patients had isolated pleural 
effusion due to post-thoracotomy status (four patients), 
congestive heart failure (three), malignancy (one) and 
radiation therapy (one). Five patients demonstrated 
cardiomegaly, and seven patients demonstrated pleural 
effusion on chest roentgenography. The surface elec- 
trocardiogram showed low voltage in two patients. 

M mode echocardiograms, performed in eight of the 
nine patients, revealed a posterior echo-free space 
without an anterior echo-free space in five; three pa- 
tients had no posterior echo-free space. 

The two dimensional echocardiographic study 
demonstrated a posterior pleural effusion in all nine 
patients. In the parasternal short axis view, all patients 
had an echo-free space visualized posterior and lateral 
to the descending thoracic aorta (Fig. 3). The fluid was 
therefore localized behind the descending aorta and left 
ventricular posterior wall. The normal spatial relation 
between the descending thoracic aorta and left ven- 
tricular wall was preserved. No echo-free space was 
visualized anterior to the descending thoracic aorta. 

Group IV: These 15 patients had combined peri- 
cardial and pleural effusions due to postoperative status 
(3 patients), congestive heart failure (3), uremia (3), 
radiation therapy (2), malignancy (2), drug therapy (1) 
and benign tumor (1). On chest roentgenography 8 pa- 
tients demonstrated cardiomegaly, and all 15 patients 





FIGURE 3. Parasternal short axis view in a patient with an isolated left 
pleural effusion (LPE). The effusion appears as an echo-free space 
posterior and lateral to the descending thoracic aorta (Desc. Ao.). An- 
terior to the aorta the left ventricular (LV) posterior wall is seen. It 
consists of a dense pericardium separated from the endocardium by 
a relatively echo-free zone of myocardium. This should not be misin- 
terpreted as a pericardial effusion. 
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had a pleural effusion. The surface electrocardiogram 
demonstrated low voltage on the limb leads of four pa- 
tients. 

M mode echocardiograms, performed in all 15 pa- 
tients, revealed definite pericardial effusion in 12 (80 
percent; however, 3 patients (20 percent) demonstrated 
a posterior echo-free space that could not be differen- 
tiated from a pleural effusion. 

The two dimensional echocardiographic study 
demonstrated both pericardial and pleural effusions 
in all 15 patients. The echocardiographic pattern in all 
patients was similar: In the parasternal short axis view, 
an echo-free space was visualized both anterior to and 
posterior and lateral to the descending thoracic aorta 
(Fig. 4). Therefore, features of both pericardial and 
pleural effusions were present. The spatial relation 
between the aorta and left ventricular posterior wall was 
altered as in patients in Group II. The heart appeared 
to be pushed anteriorly or the descending thoracic aorta 
to be pushed posteriorly by the echo-free space. As in 
patients in Group III there was also an echo-free space 
seen posterior and lateral to the descending thoracic 
aorta. 


Discussion 


The clinical utility of M mode echocardiography in 
detecting pericardial effusion was recognized in the 
1960s by Feigenbaum et al.9-1? More recent data by 
Horowitz et al.!? showed that M mode echocardiography 
is extremely sensitive and can detect as little as 20 ml 
of pericardial fluid. 

Limitations of M mode echocardiography in di- 
agnosis of pericardial effusion: Certain pitfalls have 
been recognized in the diagnosis of a pericardial effusion 
by M mode echocardiography.2:8 Large pleural effu- 
sions, pulmonary infiltrates, a large left atrium, and 
tumors have all been reported to simulate a pericardial 
effusion in the M mode echocardiogram.!:2:7:14-17 A]. 





though fluid visualized posterior to the left atrium is 
generally diagnostic of a pleural effusion, the left 
oblique sinus (pericardial reflection over the great 
vessels) is a potential space for an accumulation of 
pericardial fluid. Several investigators!.2.5.6 have dem- 
onstrated the presence of a pericardial effusion behind 
the left atrium with M mode echocardiography. The 
descending thoracic aorta itself has been visualized 
behind the left ventricular posterior wall as an echo-free 
space, thus simulating a pericardial effusion.8 Con- 
versely, pericardial fluid may be present and yet be 
undetected in the M mode echocardiogram because of 
a loculated pericardial effusion or too medial a trans- 
ducer angulation.2:3.5,6,18,19 

In our study, 83 percent of the M mode studies were 
diagnostic in patients with a pericardial effusion. In 17 
percent there was some difficulty in differentiating 
between a pericardial and pleural effusion. 

Advantages of two dimensional echocardiogra- 
phy: The presence of a pericardial effusion, superior to 
the atrioventricular groove and visualized behind the 
left atrium, has been demonstrated with two-dimen- 
sional echocardiography by Martin et al.4 All of their 
patients with a quantitatively large effusion had a 
posterior echo-free space behind the left atrium. Two 
dimensional echocardiography has also been reported 
to be of clinical value in detecting an isolated pericardial 
effusion when the M mode study was equivocal.!8 Two 
dimensional echocardiography, as compared with M 
mode echocardiography, facilitates study of posterior 
structures because of improved spatial orientation.48 
Only recently has it been appreciated that the de- 
scending thoracic aorta could be consistently visualized 
in a posterior location with two dimensional echocar- 
diography.®:19-21 

In this study, the descending thoracic aorta was a 
valuable landmark in differentiating pericardial from 
pleural effusions. The left parasternal short axis ap- 





FIGURE 4. Parasternal short axis views in a patient with both a posterior pericardial (Peric. Eff.) and left pleural effusion (LPE). A, the effusions 
appear as echo-free spaces both anterior and posterior and lateral to the descending thoracic aorta (Desc. Ao.). There is a separation between 
the descending aorta and left ventricular (LV) posterior wall. B, after pericardiocentesis there is disappearance of the anterior echo-free space; 


the left pleural effusion remains. RV = right ventricle. 
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peared to be most useful for localizing the effusion. In 
the parasternal short axis view, pericardial effusion 
appeared as an echo-free space interposed between the 
descending thoracic aorta and the left ventricular pos- 
terior wall. A pleural effusion was visualized as an 
echo-free space posterior and lateral to the descending 
thoracic aorta. Combined pericardial and pleural effu- 
sions were visualized as echo-free spaces both anterior 
to and posterior and lateral to the descending thoracic 
aorta. The spatial relation between the descending 
thoracic aorta and left ventricular posterior wall that 
exists in the absence of any type of effusion was altered 
in the presence of a pericardial effusion. The descending 
thoracic aorta was not seen in its normal position ad- 
jacent to the left ventricular wall, but was separated 
because of effusion’s effect of pushing the heart ante- 
riorly or the descending thoracic aorta posteriorly. 
Both pericardial and pleural effusions accumulate 
initially in the most dependent portion of the pericardial 
and pleural cavities; therefore, a posterior echo-free 
space is usually present posteriorly before an anterior 


echo-free space in a supine echocardiographic 
study.^9:2? Gravity maximizes the space between the 
descending thoracic aorta and both the pericardial and 
pleural interfaces. Thus, early detection of a posterior 
pericardial effusion with the M mode technique would 
also apply to two dimensional echocardiography. This 
would suggest that the echocardiographic patterns de- 
scribed should be sensitive and should occur even with 
small effusions. 

Clinical implications: The patients who formed the 
basis of our study were selected as patients who dem- 
onstrated a distinct two dimensional echocardiographic 
pattern and who had anatomic confirmation of their 
echocardiographic findings. Therefore, by design, most 
of our patients had large effusions. The determination 
of the exact sensitivity and specificity of these findings 
awaits additional prospective study. However, we be- 
lieve that the intimate relation of the descending tho- 
racic aorta to the left ventricular posterior wall, peri- 
cardium and pleura is a valuable landmark in detecting 
and differentiating pericardial from pleural effusions. 
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Morphologic studies of normal anterior parietal pericardium from seven 
patients revealed this tissue to be composed of three layers: (1) the 
serosa, consisting of a surface layer of mesothelial cells and a narrow 
submesothelial space, (2) the fibrosa, containing variously oriented layers 
of collagen fibrils and small elastic fibers, and (3) the epipericardial 
connective tissue layer, containing mainly large coarse bundles of collagen 
and forming part of the pericardiosternal ligament. Scanning electron 
microscopic examination is most useful for study of the surface features 
of pericardial mesothelial cells, which have single cilia and are covered 
with microvilli. The latter bear friction and increase the surface area for 
fluid transport. Junctional complexes between adjacent mesothelial cells 
consist of desmosomes, which reinforce intercellular adhesion and zon- 
ulae occludentes, which form permeability barriers. Actin-like filaments 
(50 A in diameter) are present in microvilli and in immediately subjacent 
regions of the cells; these filaments mediate changes in cell shape. In- 
termediate filaments (100 A in diameter) are associated with desmosomes 
and form bundles in the perinuclear regions; these filaments provide 
structural support to the cytoplasm. 


Although pericardial disease constitutes an important aspect of car- 
diovascular pathology, little information is available on the fine structure 
of the pericardium in health or in disease. No scanning electron micro- 
scopic studies of pericardium have been reported, and the only trans- 
mission electron microscopic observations made on this tissue!-? have 
been essentially limited to the mesothelial cell layer. A new stimulus for 
studying the ultrastructural features of the pericardium has been pro- 
vided by the clinical use of parietal pericardium for bioprosthetic heart 
valves and for patches to repair various cardiovascular lesions. Detailed 
knowledge of the morphologic characteristics of normal pericardium is 
essential to evaluate the long-term durability and usefulness of these 
products. This study describes histologic and transmission and scanning 
electron microscopic observations made on normal human parietal 
pericardium. 


Methods 


Patients: Morphologic studies were made of parietal pericardium from seven 
patients, six male and one female, ranging in age from 10 to 69 years (average 
47), who underwent cardiac operations in the National Heart, Lung, and Blood 
Institute. None of the patients had a history of pericarditis. In each patient the 
pericardial cavity at operation contained normal amounts of fluid and the per- 
icardium was grossly and histologically normal, with no thickening or inflam- 
mation. Small pieces of pericardium were removed from the anterior (ventral) 
portion of the pericardial sac, pinned on to a corkboard at their in situ dimen- 
sions, with the serosal surface up, and placed in a solution of 3 percent glutar- 
aldehyde in 0.1 M phosphate buffer, pH 7.2. The tissues were then washed with 
several changes of 5 percent sucrose in 0.1 M phosphate buffer, pH 7.2, and cut 
into smaller pieces for histologic and ultrastructural study. 


744 November 1980 The American Journal of CARDIOLOGY Volume 46 


Histologic and electron microscopic preparation: For 
histologic study, tissues were embedded in paraffin and in 
glycolmethacrylate plastic medium. Paraffin sections were 
stained with hematoxylin-eosin and alkaline toluidine blue. 
For scanning electron microscopy, tissues were dehydrated, 
critical point-dried, coated with gold-palladium and examined 
at an accelerating voltage of 20 kV. For transmission electron 
microscopy, tissues were dehydrated with a graded series of 
ethanols and propylene oxide and embedded in Maraglas$6 
with use of flat embedding molds to obtain proper orientation 
of the tissue. Ultrathin sections were stained with uranyl ac- 
etate and lead citrate. Selected sections were stained according 
to the method of Kajikawa et al.’ for the selective demon- 
stration of elastic fibers. 


Results 
Histology 


The parietal pericardium (Fig. 1, A to C) was composed of 
three layers: the serosa, the fibrosa, and an outer layer of 
epipericardial connective tissue. The serosa consisted of a 
surface layer of mesothelial cells and of a narrow submeso- 


FIGURE 1. Histology of parietal 
pericardium. A, section through 
entire thickness of parietal peri- 
cardium showing the mesothelial 
cell layer (arrowheads); several 
layers of collagen fibers; small 
thin-walled vessels, and a few 
scattered connective tissue cells. 
One micron-thick plastic section, 
alkaline toluidine blue stain. B, 
section oriented as in A, but stained 
by the elastica-von Gieson method 
to demonstrate presence of small 
elastic fibers (shown in black) 
throughout the thickness of the 
pericardium. C, polarized light mi- 
crograph of area similar to that in A, 
showing birefringence of oriented 
collagen fibers that follow a wavy 
course. D, high magnification view 
of mesothelial cells, showing sur- 
face microvilli (MV) and dense col- 
lagen (CO) in submesothelial layer. 
Note elongated fibroblast-like cell 
(F) between collagen fibers. One 
micron-thick plastic section ex- 
amined using Nomarski differential 
interference contrast optics. 
(Magnifications: A and B, X 160; C, 
X250; D, X 1,600, all reduced by 27 
percent.) 
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thelial space (about 2 u in width) that separated the meso- 
thelial cells from the fibrosa, the underlying layer. The pop- 
ulation density of mesothelial cells varied from one area to 
another, even when the normal dimensions of the tissue were 
maintained during fixation; under these conditions, the 
mesothelial cells appeared greatly flattened and showed mild 
bulging in the region of the nuclei. Microvilli were demon- 
strable by light microscopic study of sections of plastic- 
embedded tissue (Fig. 1D). When the pericardium was 
dropped into the fixative without maintaining its in vivo di- 
mensions, the mesothelial cells appeared thicker and less 
flattened, and their nuclei showed more prominent bulging. 
The fibrosa was composed of connective tissue cells, small 
vessels, compactly arranged collagen (Fig. 1A) and small, in- 
conspicuous elastic fibers (Fig. 1B). The epipericardial con- 
nective tissue layer contained collagenous and elastic fibers, 
adipose tissue cells, neural elements and blood vessels. A few 
mast cells, lymphocytes and histiocytes were encountered in 
this layer and in the fibrosa. 

Several layers of collagenous bundles were recognizable 
in the fibrosa (Fig. 1A). The bundles immediately subjacent 
to the mesothelial cells appeared oriented along the cepha- 
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lad-caudad axis. Deeper layers showed more of a weaving 
pattern, with collagen bundles running in various directions. 
This arrangement was examined in detail by using a polarized 
light microscope to demonstrate the birefringence of collagen 
(Fig. 1C). Elastic fibers were usually small (less than 2 u in 
diameter), and frequently were oriented perpendicular to the 
collagen bundles. The elastic fibers immediately subjacent to 
the mesothelium were smaller than were those in deeper areas 
of the fibrosa. Embedded in the connective tissue of the fi- 
brosa were slender, greatly elongated connective tissue cells 
with long, thin nuclei and scanty cytoplasm. Some of these 
cells had fine cytoplasmic processes that extended parallel to 
the collagen bundles. Vessels penetrated, usually in an oblique 
manner, from the epipericardial layer toward the serosa, and 
frequently extended up to a distance of only 8 u from the 
surface. Some vascular channels were dilated and thin-walled 
and probably represented lymphatics. Some of the collagen 
bundles in the epipericardial connective tissue layer were very 
coarse and provided connections between the pericardium and 
the anterior mediastinum (pericardiosternal ligament). 





Scanning Electron Microscopy 


On examination at low magnification, the serosal surfac 
of the pericardium appeared completely covered by meso 
thelial cells, which were polygonal in outline and did not shox 
a pattern of preferential orientation. The surfaces of th 
mesothelial cells contained numerous microvilli that measure 
up to 3 u in length and 0.1 u in width. In many areas, the mi 
crovilli completely covered the surfaces of the cells (Fig. 2A) 
In other areas, the microvilli tended to be concentrated in th: 
central portions of the cells, leaving relatively smooth area: 
in their peripheral portions. Occasionally, microvilli wer: 
concentrated in peripheral regions of some cells, the centra 
areas of which appeared smooth (Fig. 2B). Other cells ha« 
either knob-like protrusions or cup-like depressions in thi 
central areas of their surfaces. Single cilia, which were thicke 
and considerably longer than microvilli, were also found i1 
some cells. Observations by transmission electron microscopi 
confirmed that these structures were cilia. 

Areas of intercellular junctions were visualized as discreti 
narrow ridges (Fig. 3A). No intercellular spaces were presen 


FIGURE 2. Scanning electron mi- 
crographs of human parietal peri- 
cardium. A, view of area in which 
the serosal surfaces of the meso- 
thelial cells are completely coverec 
by microvilli. Cilia (arrowhead), 
which are thicker and considerably 
longer than microvilli, are also dis- 
tinguishable. Inset shows higher 
magnification view of cilium indi- 
cated by arrowhead. B, view of 
area in which microvilli tend to form 
rings near peripheral portions of the 
cells, leaving smooth central por- 
tions. (Magnifications: A, X3,800 
(inset, X 10,000); B, X3,400, all 
reduced by 27 percent.) 
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between adjacent mesothelial cells. In areas from which the 
mesothelial cells had been accidentally detached during the 
course of specimen preparation, the serosal surface was 
composed of bundles of collagen fibrils (Fig. 3B). These 
bundles had a wavy appearance and were covered by a layer 
of material without discernible substructure. This layer (Fig. 
3C) corresponded to the basal lamina of the mesothelial cells. 
Individual collagen fibrils were clearly evident within these 
superficial bundles only when the serosal surface had been 
more strongly abraded (Fig. 3, D and E). 

The mediastinal surface of parietal pericardium (Fig. 3F) 
contained large collagen bundles that coursed in various di- 
rections, measured up to 15 u in diameter and projected above 
the surface. These bundles, which were much larger than those 
subjacent to the serosal surface, imparted a characteristic 
appearance to the mediastinal surface. Subjacent to these 
bundles was a more homogeneous layer of collagen bundles, 
which were smaller and more tightly packed. Individual fibrils 
were evident within these bundles only when they had been 
disrupted. 


FIGURE 3. Scanning electron mi- 
crographs of human parietal peri- 
cardium. A, intercellular junction 
appears as a slightly elevated ridge 
(arrowheads). B, area of partial 
denudation of mesothelial cell layer. 
Some mesothelial cells remain 
(bottom and upper right). Surface 
of denuded area has a wavy con- 
figuration that reflects arrangement 
of underlying collagen. C, high 
magnification view of area similar 
to that shown in B. The surface is 
relatively smooth; it is composed of 
basal laminar material, and collagen 
fibrils are not evident. D, area of 
surface from which the mesothelial 
cells have been completely de- 
nuded and the basal lamina has 
been partially removed, exposing 
underlying bundles of collagen fi- 
brils. E, high magnification view of 
center of area shown in D. Collagen 
fibrils are seen as discrete units, 
together with some cellular debris. 
F, low magnification view showing 
large coarse collagenous bundles 
in the pericardial surface that faces 
the sternum. (Magnifications: A, 
X 10,000; B, X300; C, X3,000; D, 
X 1,000; E, X 10,000; F, X100, all 
reduced by 27 percent.) 
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Transmission Electron Microscopy 


The mesothelial cells (Fig. 4, A to D) formed a continuous 
monolayer, but in some areas the overlap between adjacent 
cells was considerable, even to the extent that stacked profiles 
of three cells could be found (Fig. 4C). A distinct glycocalyx 
or fuzzy coating (less than 100 À in thickness) was evident on 
the external leaflet of the plasma membrane in the luminal 
or serosal surface (Fig. 4B). Microvilli measured 0.1 yu in di- 
ameter and contained fine filaments that were oriented lon- 
gitudinally and measured 50 À in diameter (Fig. 4B). These 
filaments were also present, in a less organized arrangement, 
in areas of cytoplasm immediately subjacent to the microvilli 
(Fig. 5, A to C). Cilia were encountered occasionally and were 
composed of rootlets, a basal body and a core of regularly ar- 
ranged microtubules (Fig. 4D). Pinocytotic vesicles were 
present only in small numbers along the luminal surfaces. The 
lateral surfaces of the mesothelial cells were closely interdi- 
gitated and apposed over most of their course (Fig. 4C, 5, B 
and C and 6, A and B). Specialized intercellular junctional 
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structures along these lateral surfaces were few in number and 
consisted of zonulae occludentes (Fig. 5, B and C and 6A) and 
desmosomes (Fig. 5D and 6A). The apposed lateral plasma 
membranes were separated by an intercellular space of about 
200 A in width; however, in areas of zonulae occludentes, the 
apposed outer leaflets of the two plasma membranes appeared 
as single lines. The space between adjacent cells also showed 
focal dilatations of up to 1 u in width. Some of these dilata- 
tions contained microvilli (Fig. 6A); others were filled by basal 
lamina material (Fig. 6B). Zonulae occludentes measured up 
to 0.4 u in length and typically were present at the points 
where the areas of apposition terminated at the luminal sur- 
faces (Fig. 5B and C). Zonulae occludentes were less commonly 
present near the abluminal surface. Desmosomes were small 


(up to 0.5 u in length) and were the sites of insertion of bundles - 


of cytoplasmic filaments (Fig. 5D and 6A). These filaments 
measured 100 À in diameter; therefore, they were larger than 
those associated with the microvilli. In some cells, the 100 À 
filaments formed bundles that coursed around the nuclei (Fig. 
6C). In addition to microvilli, the luminal surfaces of the 
mesothelial cells showed irregularly shaped invaginations that 
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extended for variable distances into their cytoplasm (Fi 
5A). | 

The basal surfaces of the mesothelial cells showed rel. 
tively minor folds and moderate numbers of pinocytotic ve 
icles; however, they did not exhibit cytoplasmic processes th: 
projected deeply into the underlying connective tissue. ] 
some areas, the basal surface had a clear, well defined bas 
lamina, that measured up to 500 À in width and was subd 
vided into a lamina densa and a lamina clara (Fig. 4C). Hov 
ever, in most areas the basal lamina material extende: 
without any zones of discontinuity, from the basal surfaci 
of the cells through the submesothelial space and into tl 
uppermost layer of collagen fibrils in the fibrosa (Fig. 6B an 
7A). The extent of irregularity of the basal surfaces of tł 
mesothelial cells appeared to be related to the degree of fla 
tening and elongation of the cytoplasm. Tubular invagination 
of cytoplasm were also present along the basal surfaces of tl 
mesothelial cells; some of these invaginations contained bas 
laminar material (Fig. 5D). Hemidesmosomes, anchoring f 
brils or other structures that can attach cells to the underlyir 
connective tissue were not present in parietal pericardium 


. FIGURE 4. Transmission electro 
-micrographs of the surfaces « 
pericardial mesothelial cells. / 
perinuclear region of mesotheli: 
cell, showing nucleus (N), prom 
nent Golgi complexes (GO), glycc 
gen granules (GL), mitochondria (M 
microvilli (MV) and part of the bas 
of a cilium (Cl). B, cross sections c 
microvilli showing the trilaminz 
membrane, the fuzzy coat on th 
surface, and the core filament 
(arrowheads). C, area of overlap c 
three cells. At the top, a very thir 
flattened cell with dense cytoplasr 
is present (C4). Subjacent to thi 
cell, there is a second cell with les 
dense cytoplasm (C2). A third ce 
(C3) with clear cytoplasm is found c 
the bottom, overlying a discret 
basal lamina (BL). D, longitudine 
section through a cilium, showing it 
basal body (B), rootlets (R) and thi 
microtubules (MT) in its main seg 
ment. Note the microvilli and th: 
cisterns of endoplasmic reticulun 
adjacent to the cilium. (Magnifica 
tions: A, X20,400; B, X97,000; C 
X27,000; D, X38,000, all reducer 
by 27 percent.) 
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The cytoplasm of the mesothelial cells (Figs. 4, A and C, 
6, B and C) contained: small numbers of mitochondria and 
lysosomes; large, well developed Golgi complexes composed 
of stacks of parallel cisterns; moderate numbers of multives- 
icular bodies; cytoplasmic filaments of two types: actin-like 
(40 to 75 A in diameter) and cytoskeletal (100 A in diameter) 
as described earlier; a few microtubules; and variable numbers 
of glycogen granules, lipid droplets and cisterns of rough- 
surfaced endoplasmic reticulum. Indentations and folds were 
present in the nuclear membranes of some cells. The nuclei 
contained a moderately prominent nucleolus. In one of the 
seven patients, the spaces between the inner and outer nuclear 
membranes contained small clusters of vesicles (Fig. 6C). 

The cytoplasmic density of mesothelial cells varied con- 
siderably (Fig. 4C). Some cells appeared dense, primarily 
because of their high content of free ribosomes and cisterns 
of endoplasmic reticulum; other cells had few of these com- 
ponents, and for this reason they appeared much more elec- 
tron-lucent. These differences appeared to represent a con- 
tinuum of variations rather than two or more distinct cell 
types. In addition, some cells had clear areas of cytoplasm 


FIGURE 5. Surface features and 
junctional complexes of pericardial 
mesothelial cells. A, irregular sur- 
face folds are associated with in- 
vaginations (arrowheads) and differ 
clearly from microvilli (left). Actin- 
like cytoplasmic filaments (AF) are 
present in the cytoplasm. B, zonu- 
lae occludentes (arrowheads) form 
permeability seal between adjacent 
mesothelial cells. C, high magnifi- 
cation view of zonula occludens 
similar to those shown in B. Note 
transport vesicle at left of junction. 
D, typical desmosomes (D) are as- 
sociated with bundles of interme- 
diate (100 A in diameter) filaments 
(arrowheads). Cytoplasmic invag- 


inations containing basal lamina 2% Ou EP IRS 
material (BL) are present along the hie” 
basal surface of the cell. (Magnifi- x RE AS: d i 
cations: A, X41,000; B, X73,000; K aA 3 i 

C, X88,400; D, X60,300, all re- C ie 

duced by 27 percent.) : 


PERICARDIAL STRUCTURE—ISHIHARA ET AL. 


associated with apparent displacement of organelles to one 
side of the cell. These areas of cytoplasm showed poor tissue 
preservation and were regarded as being sites of fixation ar- 
tifacts. : 

The fibrosa contained collagen (Fig. 7A), elastic fibers (Fig. 
7B) and flattened cells (Fig. 7C), which in many ways resem- 
bled the veil cells described in arterial adventitia.5 These cells 
contained few organelles and had long cytoplasmic processes, 
in which a few mitochondria, occasional cisterns of rough- 
surfaced endoplasmic reticulum and sparse, actin-like and 
cytoskeletal filaments were present. 

The collagen fibrils showed their usual periodic banding. 
'Their diameter ranged from 500 to 1,500 À and averaged 850 
À. They were arranged parallel to the surface and they formed 
tightly packed bundles or sheets that were oriented in dif- 
ferent directions. The arrangement of the collagen fibrils was 
very compact, and in some areas the direction of adjacent 
bundles or sheets of collagen changed quite sharply (Fig. 7A). 
In most areas, the amount of interfibrillary material was small 
and no spicules (that is, such as those present? in arterial walls) 
of proteoglycan material were seen. In most areas, the collagen 
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fibrils were intimately associated with a network of delicately 
fibrillar material of undetermined nature. 

Elastic fibers (Fig. 7, B and C) ranged from 0.3 to 0.7 u in 
diameter and showed their two usual components: the cen- 
trally located elastin material, which was selectively stained 
black by the Kajikawa method, and the peripherally located 
microfibrils (130 to 150 Å in diameter). Small bundles of mi- 
crofibrils were occasionally found between collagen fibrils but 
without being associated with elastin material. 


Discussion 


The observations in this study demonstrate the 
complexity of the organization of the various structural 
components of human parietal pericardium and illus- 
trate the range of adaptations that this tissue has de- 
veloped in order to perform its functions. These adap- 
tations were evident in the mesothelial cell layer (serosa) 
as well as in the underlying connective tissue layer (fi- 
brosa). d 





Mesothelial Cells 


Microvilli and cilia: The most striking morphologic 
feature of pericardial mesothelial cells was the presence 
of microvilli and cilia on the serosal or luminal surfaces. 
Microvilli were extremely numerous and covered most 
of the luminal surface area. These microvilli were more 
numerous than those in peritoneal mesothelial cells!9-1 
and resembled those in pleural mesothelial cells.!4.15 
Microvilli are also present in mesotheliomas.!9!7 We 
attribute at least two functions to microvilli: (1) They 
provide pericardium with specialized friction-bearing 
surfaces, and (2) they increase the cell surface area 
available for fluid transport. | 
. The cilia found in pericardial mesothelial cells dif- 
fered from microvilli in size and substructure. Cilia are 
capable of motility, often in the form of a sweeping 
motion. The motility of cilia is mediated through the 
side arms on their microtubules.!? In contrast to these 


FIGURE 6. Junctions and cyto- 
plasmic filaments of pericardial 
mesothelial cells. A, junction be- 
tween two cells extends from lu- 
minal surface (left) to basal surface 
(right). A zonula occludens (ZO) is 
located at the luminal end, and 
several desmosomes (D) associ- 
ated with 100 À filaments are found 
in adjacent regions of the junction. 
Note presence of microvilli in two 
areas of widening of the intercellu- 
lar space. B, intercellular space in 
area of overlap between adjacent 
cells is filled by basal lamina ma- 
terial (BL). Note multivesicular 
bodies (MVB) in two of the cells. C, 
bundles of 100 À filaments course 
in vicinity of nucleus of mesothelial 
cell. Small vesicles (arrowheads) 
are located in the space between 
the inner and outer nuclear 
membranes. (Magnifications: A, 
X31,900; B, X24,300; C, X74,400, 
all reduced by 27 percent.) 
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features, microvilli lack a basal body and microtubules 
and contain only a core of longitudinally oriented mi- 
crofilaments. Microvilli also undergo changes in shape 
that are presumably mediated by their core filaments. 
These filaments insert into the tips of the microvilli and 
constitute a network that extends below their base. In 
intestinal epithelial cells the core filaments associated 
with microvilli have been shown to be composed of 
actin!?-?! and to bind heavy meromyosin (a property 
typical of actin filaments) with specific patterns of or- 
ientation of the resulting “arrowhead” complexes.1?:20 
The passive changes in shape pericardial mesothelial 
cells undergo with cardiac systole and diastole are not 
known. Nevertheless, it is clear that these cells possess 
the subcellular components needed to alter actively the 
configuration of their luminal surfaces. 

Transport systems: The luminal and basal surfaces 
of pericardial mesothelial cells had irregularly shaped 
invaginations of the plasma membranes as well as 
multivesicular bodies and coated and uncoated vesicles. 
These structures are known to function in transport of 
fluid and protein materials. It is reasonable to postulate 
that the two types of transport systems existing in other 
cells22 are also present in pericardial mesothelium: 


FIGURE 7. Transmission electron 
micrographs of pericardial con- 
nective tissue. A, section through 
submesothelial area showing the 
basal surface of a mesothelial cell 
(MC), the basal lamina (BL), several 
layers of variously oriented collagen 
fibrils, and part of the cytoplasm 
(arrowheads) of a greatly elongated 
fibroblast-like cell. B, section 
stained according to Kajikawa et 
al.’ for the demonstration of elastic 
fibers. The elastin cores are darkly 
stained, particularly in the elastic 
fiber (upper right); other elastic fi- 
bers (center and bottom) contain 
abundant microfibrils and small 
elastin cores. C, nuclear region of 
elongated fibroblast-like cell in 
pericardial tunica fibrosa. A small 
elastic fiber (arrowhead) is shown 
(lower right). (Magnifications: A, 
X32,000; B, X43,250; C, X20,300, 
all reduced by 27 percent.) 
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transport through the intercellular spaces and transport 
across the cytoplasm by means of vesicles. The latter 
would form by invagination of the plasma membrane 
at one surface, pinch off, move across the cytoplasm, 
fuse with the plasma membrane at the opposite surface 
of the cell, and then discharge their content into the 
extracellular space. The relative importance of these two 
mechanisms in pericardial mesothelial cells is unknown. 
Studies of pericardial transport functions??-?6 have 
shown that relatively small molecules can be removed 
from the pericardial cavity, presumably by way of 
subepicardial capillaries, and that larger molecules and 
discrete particles (colloidal gold, colloidal carbon) are 
removed extremely slowly. Entry into lymphatics from 
the pericardial cavity seems to occur with the greatest 
difficulty and very slowly.?? The findings of these 
functional studies, indicating very slow removal of 
macromolecules from the pericardial cavity, are in ac- 
cord with the observations of Kluge and Hovig?* and 
of the present study, in which zonulae occludentes were 
demonstrated in the intercellular junctions connecting 
pericardial mesothelial cells. Such junctions, which 
typically were present near the two terminations of the 
zone of cell to cell apposition at the basal lamina and at 
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the luminal border, are known to constitute barriers 
sharply limiting the passage of macromolecules that 
could cross the mesothelial layer by the intercellular 
route. In contrast to this, the desmosomes (the other 
type of specialized structures present in pericardial 
mesothelial cells) provide points of reinforcement of 
intercellular adhesion but do not represent an addi- 
tional permeability barrier. The number of cytoplasmic 
vesicles was relatively small, indicating that transport 
through parietal pericardial mesothelial cells by the 
transcellular route is limited. 

Internal structural support system: The presence 
of large areas of overlap and interdigitation between 
adjacent cells would indicate that the mesothelial layer 
has the capacity to accommodate to changes in shape 
of the cells, and particularly to stretching. The bundles 
of filaments measuring 100 A in diameter (intermediate 
filaments), in the cytoplasm of mesothelial cells are 
considered to constitute a cytoskeleton that serves to 
stabilize cell shape. These filaments are biochemically 
and morphologically different from the actin and my- 
osin types of filaments.27 Thus, the cytoplasm of 
mesothelial cells does have a system of internal struc- 
tural support. 

Function of reticulum: The functions of the Golgi 
complexes and the cisterns of rough-surfaced endo- 
plasmic reticulum that were very abundant in some cells 
are not known. Similarly, the significance of the “clear” 
cells observed by us and by Kluge and Hovig?^ is un- 
known. We believe that these variations represent dif- 
ferences in the age of the cells. Perhaps the cells that 
contain more abundant endoplasmic reticulum are 
younger and more active, or are growing cells that are 
replacing senescent cells. Cells rich in endoplasmic re- 
ticulum had less abundant microvilli. An important 
function of the reticulum may be the elaboration of 
plasma membrane and filamentous components of the 
microvilli. 

It remains to be determined whether pericardial 
mesothelial cells can respond to inflammation by 
undergoing cellular contraction and junctional sepa- 
ration, with a resulting increase in permeability and 
leakage of fluid from the interstitial spaces in the sur- 
face of the heart into the pericardial cavity. This 
mechanism would be analogous to that shown to occur 
during endothelial cell injury in inflammation.2! 


Connective Tissue Components 


Pericardial basal lamina: The configuration of the 
pericardial basal lamina was variable. In some areas the 
basal lamina material was evident as a discrete layer, 
whereas in others it blended directly with the material 
surrounding the most superficial collagen fibrils in the 
tunica fibrosa. These findings, and the lack of hemi- 
desmosomes or other structural devices reinforcing the 
attachment of the basal surfaces of the cells to the 
underlying connective tissue, are in accord with the 
observations in this study that the attachment of peri- 
cardial mesothelial cells to the submesothelial layer is 
very fragile. Indeed, mesothelial cells can be easily re- 
moved from unfixed specimens by contact with fingers 


or surgical instruments. The continuity of the bass 
lamina material with the interfibrillary material in th 
collagen layer was also demonstrated in the scannin 
electron micrographs of denuded areas of parietal per 
icardium. In these areas, the surface layer appeare 
smooth, and collagen fibrils were evident as discret 
units only when the surface layer was traumatized to th 
extent of removing the basal lamina material. 

Collagen fibrils in fibrosa: The layers of collage: 
fibrils in the fibrosa varied in orientation, thus allowin. 
some degree of multidirectional stretch to take place 
Stretch also appeared to be permitted by the wavy ar 
rangement of collagen fibrils within a given bundle o 
layer, so that mild tension could lead to elongatio: 
mediated by straightening of the wavy fibrils. Never 
theless, it would appear that very little stretch is pos 
sible after the collagen has been straightened out, be 
cause collagen fibrils are known to be very inextensi 
ble.?5?? This feature seems to be the reason that smal 
increments in the amount of pericardial fluid at firs 
cause little or no increase in intrapericardial pressure 
and then a small additional amount of fluid can lead t 
a large increase in intrapericardial pressure.? 

Relation of age to pericardial structure: Althougl 
the number of patients in our study was too limited t« 
permit investigation of the ultrastructural aspects o 
this problem, a relation between age and connectivi 
tissue morphology has been observed in previous his 
tologic studies of human pericardium. In a study of 20( 
human pericardia, Hort and Braun®° demonstratec 
that: (1) pericardial collagen fibrils in younger fetuse: 
are delicate and nonwavy; (2) in pericardium from olde: 
fetuses, collagen fibrils become wavy as elastic fiber: 
first develop; (3) the waviness of pericardial collager 
becomes maximal in young adulthood and decrease: 
thereafter; and (4) as collagen becomes less wavy ir 
older persons, elastic fibers do not decrease in numbe 
but the structure of pericardial connective tissue be 
comes progressivesly less organized. This study, and the 
work of Wallraff?! showing that strips of pericardium 
from young subjects were more extensible than those 
from older subjects, also suggests that the waviness o! 
collagen is a major determinant of pericardial disten. 
sibility. 

Differences between pericardial fibrosa and fi- 
brosa of porcine valves: The fibrosa of parietal peri- 
cardium appeared to be less rich in proteoglycans thar 
is the spongiosa of porcine valves,?? which is the layei 
most likely to undergo calcification in glutaraldehyde. 
treated porcine valve prostheses.?? In this regard, th« 
pericardial fibrosa is more comparable with the fibros: 
of porcine valves,?? in which collagen is densely packec 
and elastic fibers are relatively few and small. Never. 
theless, the collagen fibrils in the fibrosa of porcin« 
valves are mainly oriented parallel to the free edge of the 
cusp,?9?? whereas in pericardium they are much more 
multidirectional in orientation. It is not known whether 
these differences will be of importance with respect tc 
the long-term function of valve bioprostheses made of 
parietal pericardium. Small elastic fibers are present in 
pericardium, as shown by previous histologic stud- 
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ies20,34-36 and by the electron microscopic observations 
using specific ultrastructural staining methods in this 
study. The surface of anterior parietal pericardium that 
faces the sternum is extremely rough in texture, because 
of the large size of the collagen bundles and because 
these bundles have to be transected from their sternal 
attachments. The roughness of this surface may be a 
disadvantage in terms of the use of parietal pericardium 
for prosthetic patches or for construction of valve leaf- 
lets, because it may predispose to the trapping of blood 
elements and to thrombosis in the spaces between large 
collagenous bundles. i 


PERICARDIAL STRUCTURE—ISHIHARA ET AL. 


In conclusion, this study demonstrates some of the 
relations between structure and function in pericar- 
dium. The mesothelial cells have microvilli, which act 
as friction-bearing surfaces and increase the surface area 
available for fluid transport. They also have two sets of 
cytoplasmic filaments, one that provides structural 
support and one that mediates changes in cell shape. 
The junctions between adjacent cells reinforce inter- 
cellular adhesion and form a permeability barrier. The 
connective tissue permits only a limited amount of 
stretch, which is mediated by straightening of the wavy 
arrangement of bundles of collagen fibrils. 
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Clinical and necropsy observations are described in 28 patients (24 men) 
aged 31 to 85 years (mean 62) with healed myocardial infarction and e 
true left ventricular aneurysm. In contrast to findings in other subsets o! 
necropsy patients with fatal coronary heart disease, chronic congestive 
heart failure was frequent (22 patients); angina pectoris was infrequent 
(4 patients) and, when present, never severe; recurrence of acute myo- 
cardial infarction (2 patients), sudden death (2 patients) and clinically 
evident systemic emboli (1 patient) were infrequent; survival for more 
than 5 years after healing of the acute infarction was infrequent (in 3 of 
21 patients with clinically diagnosed acute myocardial infarcts); and 
survival for longer than 1 year after aneurysmectomy was lacking (0 of 
7 patients). Additionally, 23 of the 28 patients had a large heart (greater 
than 400 g [mean 523], 26 had dilated nonaneurysmal portions of the left 
ventricle, and all but 1 had a large (greater than 30 percent of the left 
ventricular wall) myocardial infarct. In 25 of the 28 patients, two or more 
of the four major epicardial coronary arteries were greater than 75 percent 
narrowed in cross-sectional area by atherosclerotic plaques. In 992 
segments (each 5 mm long) of a major coronary artery examined in 22 
patients (45 segments/patient), narrowing was greater than 75 percent 
in 323 segments (33 percent) and ranged from 51 to 75 percent in 419 
(42 percent), from 26 to 50 percent in 210 (21 percent) and from 0 to 25 
percent in 40 (4 percent). Thus, the scarred, hypertrophied and aneur- 
ysmally dilated left ventricle infrequently produces chest pain or fatal 
arrhythmia despite diffuse, severe coronary narrowing. 


Although ventricular aneurysm is a relatively frequent consequence of 
acute myocardial infarction, surprisingly few clinicopathologic studies 
are available that include more than five patients with left ventricular 
aneurysm and healed myocardial infarction! (Table I). Consequently, 
we analyzed clinical and morphologic findings in 28 necropsy patients 
with healed myocardial infarction and left ventricular aneurysm (Table 
II), focusing on the amounts of coronary narrowing present, because 
precise anatomic information in this area is lacking. Also, we call at- 
tention to certain clinical features in these patients that distinguish them 
from other subsets of patients with coronary heart disease. 


Methods 


Study patients: All 28 patients fulfilled the following criteria: (1) presence 
of a left ventricular free wall (endocardium, myocardium and epicardium) convex 
protrusion, the wall of which consisted of dense fibrous tissue with or without 
an occasional "island" of myocardial fibers; (2) absence of myocardial necrosis 
within the wall of the left ventricular aneurysm; (3) diameter of the mouth of 
the left ventricular aneurysm larger than or similar to that of the aneurysm itself; 
(4) absence of associated noncoronary heart disease; and (5) examination of all 
hearts by both authors. 
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Certain Clinical and Cardiac Necropsy Observations from 5 Previously Reported Studies in English Comprising More Than 20 


Necropsy Patients With Left Ventricular Aneurysm 


First author (year) Phares (1953) 
Years covered 1916-1951 
LV aneurysm defined Lx 
Patients (n) 40 
Age (yr) range (mean) 37-85; (74) 
Male/female ratio 27:13 
Pts (n) with aneurysm at site of MI = 
Pts (n) with aneurysmal wall healed - 
Pts (n) with associated noncoronary heart disease = 
Angina pectoris 5 (1396) 
Chronic CHF 24 (60%) 
Clinical events compatible with systemic emboli 2° (5%) 
Clinical diagnosis of acute MI 20 (50%) 
Pts (n) surviving 5 yr after acute MI _ 
Clinical diagnosis of aneurysm ay 
Modes of death 
Chronic CHF 16 (40%) 
Acute MI 7 (18%) 
Sudden 6 (1596) 
Rupture of aneurysm 0 
Thromboemboli 2 (596) 
Noncardiac 7 (1896) 
Rupture of nonaneurysmal wall 1(396) 
Systemic hypertension 19 (4896) 
Diabetes mellitus 4 (1096) 
Pts (n) with LV aneurysmectomy 0 
Heart weight increased 33 (83%)! 
Pts (n) with LV cavity dilated = 
Amount of coronary narrowing Severe 
Size of MI = 
Intraaneurysmal thrombus - 
Pts (n) in whom heart illustrated 2 (596) 


Schlichter (1954) Abrams (1963) X Dubnow (1965) Davis (1972) 
1930-1945 1956-1961 1952-1963 1946-1968 
45 as +° a 
102 65 80 27% 
36-85 (—) — (68) 43-96 (68) 42-89 (59) 
80:22 52:13 65:15 35:5 
102 (100%) 63 (97 %) 80 (100%) = 
61 (60%) 39 (60%) "Most" = 
27 (28%) -— -— -— 
er = _ 25 (63%) 
71(71%) “Infrequent” 61° (75%) 35 (88%) 
36° (3596) _ 10° (13%) 2 (5%) 
66 (65%) 45 (69%) 58 (73%) 36 (90%) 
8/66 (12%) 33/45 (69%) 13/48 (27%) -— 
me .4 (696) 13 (1696) 6/27 (2296) 
23 7 (1196) = 5/27 (19%) 
— P^ (4996) 34 (4396) 16/27 (5996) 
0 - 0 
0 2 (396) 1 (196) 1/27 (496) 
— 0 7 (996) 0 
bu es (35%) 9 (1196) 5/27 (1996) 
0 0 
69 (68%) 14 (2296) 23 (2996) = 
23 (23%) 24 (37%) = - 
0 0 0 4 (1096) 
-— - 66! (8396) - 
Severe - Severe Severe 
Large =: T - 
55 (5496) 9/65 (1496) 52 (6596) 12/27 (4496) 
3 (396) 0 2 (396) 0 


PRUNTO NORTE MUSUSI — 9 jJ ^w M LLLLLINULALL——————————————————————— 


a'" defects in the ventricular wall which demonstrate a definite bulge in the exter 
region”; ^ “. . .a localized outpouching of the cavity of a cardiac chamber, with or witho 
of a localized portion of the external aspect of the ventricle accompanied by a corresp 
40 patients with necropsies in 27. Data refers to all 40 patients unless specified. * 


normal. 


‘CHF = congestive heart failure; LV = left ventricular; MI = myocardial infarct; Pts — patients; — — no information. 


The 28 patients (Table II) ranged in age from 31 to 85 years 
(mean 62); 13 were aged 65 years or older, and 24 were men. 
Chronic congestive heart failure occurred in 22 patients (79 
percent), angina pectoris in 4 (14 percent) and clinical episodes 
compatible with systemic emboli in 1 (4 percent). A history 
of systemic hypertension, before the acute myocardial in- 
farction, was present in 13 patients, and 5 had diabetes mel- 
litus. Clear documentation of acute myocardial infarction was 
present in 21 patients and only 3 of them survived for as long 
as 5 years (Fig. 1). Aneurysmectomy (with coronary bypass 
in three patients) was performed in seven patients: in six for 
chronic congestive heart failure and in one for refractory ar- 
rhythmias; none of the seven was alive 1 year after opera- 
tion. 

Acute myocardial infarction recurred in two patients and 
was fatal in one. Thirteen patients died of refractory conges- 
tive heart failure; two died suddenly; six from noncardiac 
causes and one from rupture of the left ventricular aneurysm. 
In the latter patient a septic process involved the aneurysmal 
wall. Five of the seven patients undergoing aneurysmectomy 
died as a direct consequence of the operation, and the other 
two, from persistent chronic congestive heart failure. 

The aneurysm was diagnosed clinically in 12 patients (43 
percent): in 6 patients (21 percent), the electrocardiogram was 
consistent with aneurysm and in 3 (11 percent) the chest ra- 
diograph suggested aneurysm; the aneurysm was diagnosed 
with angiography in each of the 10 patients in whom this 
procedure was performed. 


nal contour of the heart, together with a thinning of the affected 
ut outward bulging of the external surface”; * ". . . a protrusion 
onding protrusion of the ventricular cavity”; ^ Study included 
minimal number; ' heart weight >100 g above expected 


Examination of coronary arteries: The four major cor- 
onary arteries were examined in all 28 patients. In addition, 
in 22 patients in whom the entire lengths of the right, left 
main, left anterior descending and left circumflex coronary 
arteries were available, each of these four arteries was cut 
transversely into 5 mm long segments and each segment was 
labeled, processed for histologic study, and a histologic section 
stained by the Movat method was prepared and examined. 


24 


NO. PATIENTS ALIVE 


1 2 3 4 5 6 
YEARS AFTER ACUTE MYOCARDIAL INFARCTION 


FIGURE 1. Length of survival after acute myocardial infarction in 21 
necropsy patients with left ventricular aneurysm and unequivocal history 
of acute myocardial infarction. 
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TABLE Il 


Clinical and Cardiac Necropsy Observations in the 28 Patients 


— E n a aa a a D E ens tinsel E 


Interval Chronic Clinical Clinical History SAP 

Age Clinically (mo) AP CHF Episode LV Diagnosis SH >149/90 

(yr) Diagnosed AMI to After After Compatible Angio- of Before mm Hg 
Case & Sex AMI Death AMI AMI With SE gram Aneurysm AMI After AMI DM 

Patients Without Left Ventricular Aneurysmectomy 
1 31M + 36 0 + 0 + + — 0 0 
2 39M t 36 0 t 0 + + - 0 0 
3 45M + 3 0 + 0 0 0 + 0 0 
4 46M 0 —a 0 0 0 0 0 + 0 0 
5 46M + 36 0 + 0 0 0 - 0 0 
6 47M + 6 0 + 0 0 0 + + 0 
7 57M + 24 + 0 0 0 0 + 0 + 
8 60F + 7 0 + 0 + + + 0 0 
9 61M t 3 0 4 0 0 0 -— 0 
10 62M 0 =A 0 0 0 0 0 - 0 0 
11 65M + 3 0 + + 0 0 + 0 0 
12 68M 0 =a 0 + 0 0 0 -— 0 + 
13 69M + 24 + + 0 0 0 + 0 + 
14 70M + 23 0 + 0 0 + + + 0 
15 71M + 36 0 + 0 0 0 + 0 0 
16 75M 0 -À 0 t 0 0 0 + + 0 
17 77M + 6 0 + 0 0 0 - 0 0 
18 78M + 60 0 + 0 0 + + 0 0 
19 80M 0 - t + 0 0 0 - 0 0 
20 84M 0 mim 0 0 0 0 0 -— 0 0 
21 85F 0 -- 0 0 0 0 0 -— 0 0 
Patients With Left Ventricular Aneurysmectomy 
22 49M + 60 0 + 0 + + — 0 0 
23 55F + 24 0 + 0 + + + + 0 
24 55M + 24 + + 0 + + - 0 + 
25 56M + 120 0 + 0 T t — 0 t 
26 64M + 8 0 0 0 + + — 0 0 
27 67F + 24 0 + 0 + + — 0 0 
28 77M + 26 0 + 0 + + + 0 0 
en a VB 
Totals 31-85 21 3-120 4 22 1 10 12 13 4 5 
(or range) 24M, 
4F 
Percent 86M, 75 14 79 36 43 46 14 18 
14F 
Mean 62 28 


? Clinically silent acute myocardial infarction; ^ heart weight does not include operatively excised specimen. 
AMI — acute myocardial infarct; AP — angina pectoris; CA — coronary arteries; CHF = congestive heart failure; DM = diabetes mellitus; LV 


The degree of narrowing in all 5 mm long segments was de- 
termined by examination of the histologic sections magnified 
25 to 50 times. The percent of cross-sectional area narrowing 
by atherosclerotic plaque was divided into four categories of 
narrowing: 0 to 25, 26 to 50, 51 to 75 and 76 to 100. The accu- 
racy of these determinations was verified by random evalua- 
tions by other observers and by videoplanimetry, and both the 
intra- and interobserver error was less than 5 percent.” 


Results 


The ventricular aneurysm: The hearts in the 28 
patients (Table II) weighed from 330 to 705 g (mean 
523) and in 23 patients the weight was over 400 g. In 20 
patients the aneurysm involved the anterior (11 pa- 
tients) (Fig. 2), posterior (6 patients) (Fig. 2) or lateral 
(3 patients) (Fig. 3 and 4) walls of the mid or basal third, 
or both, of the left ventricle, with or without involve- 
ment of the apical third. In the other eight patients, the 
aneurysm was designated as apical because it involved 
mainly or only the apical third of the left ventricle, in- 
volving in each the entire wall in this portion of the heart 
(Fig. 5 and 6). 
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The coronary arteries: Among the 28 study patients 
(Table II), a total of 112 major (right, left main, left 
anterior descending and left circumflex) epicardial 
coronary arteries were examined. At least one of the four 
major epicardial coronary arteries was narrowed greater 
than 75 percent in cross-sectional area by atheroscle- 
rotic plaques in all 28 patients (Table III). Of the 112 
major coronary arteries in the 28 patients, 71 (63 per- 
cent) were greater than 75 percent narrowed in cross- 
sectional area by atherosclerotic plaques, an average of 
2.5 of 4.0 coronary arteries/patient. The left main cor- 
onary artery was narrowed greater than 75 percent in 
cross-sectional area in two patients. 

Analysis of the 992 five mm long coronary arterial 
segments in 22 patients disclosed atherosclerotic nar- 
rowing of cross-sectional area of 76 to 100 percent in 323 
segments (33 percent) 7 of 51 to 75 percent in 419 (42 
percent), of 26 to 50 percent in 210 (21 percent) and of 
0 to 25 percent in 40 (4 percent) (Table IV). The left 
anterior descending coronary artery was significantly 
(p <0.05) more severely narrowed than the other three 
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Number 
(%) 
Number of of 5mm 
Mode of Death 4 Major Number of Segments: 
Non- LV Heart Site Thrombus CA Narrowed 5mm Narrowed 
Chronic Cardiac Cardiac Aneurysm Weight of LV in LV LV 76-100% Segments of 76-100% 
Case SCD AMI CHF Op Cause Rupture (g) Aneurysm Aneurysm Dilated in XSA CA Studied in XSA 
Patients Without Left Ventricular Aneurysmectomy 
1 D. 9 + 0 0 0 520 Apical 0 T 2 56 8(14) 
2 0 0 + 0 0 0 520 Apical * + 3 40 12(30) 
3 0 0 + 0 0 0 500 Anterior 0 $ 2 43 24(56) 
4 + 0 0 0 0 0 380 Posterior 0 4 3 56 27(48) 
5 0. . 70 S 0 0 0 500 Anterior 0 $ 3 51 5(10) 
6 O -<0 T 0 0 0 465 Anterior 0 + 3 35 13(37) 
7 o^ 0 0 0 0 575 Posterior 0 + 3 58 35(60) 
8 0 0 + 0 0 0 530 Anterior 0 + 3 49 25(51) 
9 0 0 $ 0 0 0 530 Apical + T 2 - - 
10 D. .—D 0 0 T 0 500 Posterior 0 + 2 45 7(16) 
11 0 0 T 0 0 0 430 Lateral + + 3 -— 2s 
12 0 0 0 0 * 0 600 Posterior 0 T 3 = ah 
13 0 0 + 0 0 0 430 Anterior 0 + 3 59 33(56) 
14 Dos 0 T 0 0 0 618 Anterior + + 3 41 18(44) 
15 0 0 0 0 + 0 360 Anterior 0 + 3 31 8(26) 
16 2-0 0 0 0 0 670 Apical T 0 3 63 27(43) 
17 0 0 0 0 0 + 585 Lateral + + 3 43 7(16) 
18 0o 0 + 0 0 0 705 Apical + T 1 50 5(10) 
19 0 0 0 0 T 0 330 Lateral T + 1 30 1(3) 
20 0- 0 0 0 T 0 390 Apical 0 0 3 se ve 
21 o^ 9 0 0 + 0 380 Apical rj e 2 13 8(61) 
Patients With Left Ventricular Aneurysmectomy 
22 0 0 + 0 0 0 650° Anterior 0 + 1 53 12(23) 
23 B sp 0 t 0 0 500^ Posterior 0 t 3 — -— 
24 0- 3G 0 + 0 0 700^ Anterior + + 3 54 6(11) 
25 Ó 70 0 t 0 0 550^ Anterior 0 t 2 -— — 
26 0-. B 0 + 0 0 572 Anterior 0 + 2 29 15(51) 
27 D. i, + 0 0 0 500° Apical 0 tT 2 48 6(13) 
28 0... 0 0 + 0 0 658 Posterior 4 + 4 45 2 1(47) 
Totals 2 1 13 5 6 1 330-700 11 26 71 992 323 
(or range) 
Percent 7 4 46 18 21 4 39 93 
Mean 523 2:5 45 15(33) 
= left ventricular; mo = months; Op = operation; SAP = systolic arterial pressure; SCD = sudden coronary death; SE = systemic embolus; SH 
= dee hypertension; Th = thrombus; XSA = cross-sectional area; + = present or positive; 0 = absent or negative; — = no information 
available. 


LOCATION OF LEFT VENTRICULAR ANEURYSM 





FIGURE 2. Locations of left ventricular aneurysms. The locations of 
apical (top middle) and mid-basal (top right) aneurysms are shown. The 
anterior, lateral and posterior walls of a transverse cardiac ventricular 
slice (bottom left) and the locations of anterior (bottom middle) and 
posterior (bottom right) wall aneurysms are shown. An aneurysm is 
considered anterior, posterior or lateral if it involves the anterior, 
posterior or lateral walls of the mid or basal third, or both, of the left 
ventricle with or without involvement of the apical third. An aneurysm 
is considered apical if it is limited to the apical third of the left ventricle. 
LV = left ventricle; RV = right ventricle; VS = ventricular septum. 





FIGURE 3. Patient 19 (Table Il). Exterior view (left) and longitudinal 
section (right) of the heart from an 80 year old man (GT 72A-233) 
without a history of acute myocardial infarction but with angina pectoris 
and congestive heart failure. He died from carcinoma of the bladder. 
A lateral wall left ventricular aneurysm (A) that contains thrombus (T) 
is present. Ao = aorta; LA = left atrium; LV = left ventricle; PT = pul- 
monary trunk; RV = right ventricle. 
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major coronary arteries (Fig. 7). The mean percent of 
o mm segments severely narrowed in the proximal half 
of the right, left anterior descending and left circumflex 
coronary arteries was similar to that in the distal half 
of each of these arteries (Fig. 8). 

Of the 22 patients in whom the amount of coronary 
arterial narrowing was quantified, 10 had an anterior, 
6 an apical, 4 a posterior and 2 a lateral left ventricular 
aneurysm. In the 10 patients with an anterior left ven- 
tricular aneurysm, 79 (60 percent) of 132 five mm seg- 
ments of the left anterior descending, 61 (34 percent) 
of 179 segments of the right and 19 (17 percent) of 115 
segments of the left circumflex coronary artery were 
narrowed greater than 75 percent in cross-sectional area. 
In the 6 patients with an apical aneurysm, 35 (50 per- 
cent) of 70 segments of the left anterior descending, 17 
(13 percent) of 130 segments of the right and 12 (20 
percent) of 61 segments of the left circumflex coronary 
artery were narrowed greater than 75 percent. In the 
four patients with a posterior aneurysm, 26 (37 percent) 
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of 71 segments of the left anterior descending, 40 (5( 
percent) of 80 segments of the right and 24 (50 percent 
of 48 segments of the left circumflex coronary arter 
were narrowed greater than 75 percent. In the two pa 
tients with a lateral aneurysm, 1 (4 percent) of 26 seg 
ments of the left anterior descending, 1 (3 percent) o 
34 segments of the right and 6 (55 percent) of 11 seg. 
ments of the left circumflex coronary artery were nar. 
rowed greater than 75 percent. 


Comments 


Clinical versus anatomic definition of ventricu- 
lar aneurysm: Our study included only patients wit 
a localized convex protrusion of the entire thickness o! 
the left ventricular wall at necropsy. The wall of the 
aneurysm formerly was the wall of left ventricle, and the 
mouth of the aneurysm was larger than or as large as the 
maximal diameter of the aneurysm. These patients 
therefore had a true anatomic left ventricular aneu- 
rysm. When a localized left ventricular protrusion is 


FIGURE 4. Patient 11 (Table II). 
Exterior view (a) and longitudinal 
section (b) of the heart and photo- 
micrograph of the aneurysmal wall 
(c) and of the left circumflex (LC) 
coronary artery at point of maximal 
narrowing from a 65 year old man 
(A67-7 1) with no history of acute 
myocardial infarction or angina 
pectoris who died of progressive 
congestive heart failure. a, exterior 
view of the anterior surface of the 
heart showing the lateral wall left 
ventricular (L.V.) aneurysm (An.). b, 
longitudinal section of the heart 
showing the lateral wall left ven- 
tricular aneurysm and the dilated 
nonaneurysmal portion of the left 
ventricular cavity. VS — ventricular 
septum. c, histologic section of the 
scarred aneurysmal wall, the 
thrombus (T) adherent to its wall, 
and the mouth of the aneurysm 
(dashed line) (Movat stain X2, re- 
duced by 25 percent). X2 LC, left 
circumflex coronary artery at its 
point of maximal narrowing. 
(Hematoxylin-eosin X26, reduced 
by 25 percent. Ao = aorta; LA = 
left atrium; L.A.A. — left atrial ap- 
pendage; P.T. — pulmonary trunk; 
R.A. = right atrium; R.V. = right 
ventricle; VS = ventricular sep- 
tum. 
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present at necropsy, the protrusion must have been 
present during life in both ventricular systole and 
diastole. Patients in whom a localized protrusion is 
observed only during ventricular systole (functional 
aneurysm) would not have a protrusion at necropsy, and 
therefore such patients are not included in this analysis. 
Because the wall of the left ventricular aneurysm in our 
patients contained few if any myocardial fibers, the 
anatomic aneurysm could have been either akinetic or 
dyskinetic during life but not hypokinetic. Thus, clinical 
studies that have defined left ventricular aneurysm by 
hypokinetic wall motion abnormality or by akinetic or 
dyskinetic portions of wall?-!9 without specifying 
protrusion during both phases of the cardiac cycle, ^? 
have included many patients without an anatomic an- 
eurysm. 

A precise definition of left ventricular aneurysm is 
crucial, in our view, because the findings to a large ex- 
tent are dependent on the definition of aneurysm. In 
contrast to previous necropsy studies of patients with 


FIGURE 5. Patient 18 (Table Il). Unopened 
heart and roentgenogram (a and a‘) and 
after a longitudinal cut (b, b*) from a 78 
year old man (GT 76A-171) who died of 
congestive heart failure 5 years after an 
acute myocardial infarction. a, exterior 
view of the heart showing a large apical 
wall left ventricular (LV) aneurysm (An). a’, 
roentgenogram of a showing calcific de- 
posits in the left anterior descending (LAD) 
coronary artery and in the wall of the an- 
eurysm. The intraaneurysmal thrombus (T) 
also is seen. b, longitudinal section of the 
heart showing the apical aneurysm and the 
markedly dilated nonaneurysmal portion of 
the left ventricular cavity. b*, roentgeno- 
gram of b showing calcific deposits in the 
coronary arteries and in the wall of the 
aneurysm. Ao = aorta; RV = right ventri- 
cle; VS = ventricular septum. 
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left ventricular aneurysm,!-??? in our study all our pa- 
tients had an aneurysm at the site of healed myocardial 
infarction and patients with an aneurysm at the sites 
of acute infarction were excluded. Additionally, our 
study excluded patients with associated noncoronary 
types of heart disease. Furthermore, in contrast to 
previous studies,2?9 our study is based on personal 
examination of all the hearts of the patients included, 
rather than on examination of autopsy protocols, a 
recognized relatively inaccurate method of obtaining 
cardiovascular information.?! 


Pathologic Features 


Characteristics of the aneurysm: In 27 of our 28 
patients, the left ventricular scars involved more than 
30 percent of the left ventricular wall. In none of five 
previously reported necropsy studies in English in- 
volving more than 20 patients!-? (Table I) was the size 
of the myocardial infarcts (which healed) quantified. 
However, in the study by Schlichter et al.,? the infarcts 
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FIGURE 6. Patient 20 (Table Il). Longitudinal section of the heart from 
an 80 year old man (GT 72A-219) who had no clinical evidence of 
coronary heart disease and died of acute pneumonia. An apical left 
ventricular (LV) aneurysm is present. The nonaneurysmal wall is hy- 
pertrophied and the left ventricular cavity is not dilated. LA = left atrium; 
RA = right atrium; RV = right ventricle; VS = ventricular septum. 





were described as “large,” apparently in most pa- 
tients. 

Scarring in portions of the left ventricular wall not 
involved in or adjacent to the aneurysm was absent in 
our 28 patients. This finding was not reported in pre- 
vious studies!-?292?4 of necropsy patients with left 
ventricular aneurysm. The significance of this obser- 
vation is that the aneurysm represents, with few ex- 
ceptions, the only myocardial infarction that oc- 
curred. 

The nonaneurysmal portion of the left ventricular 
wall was hypertrophied in 24 (86 percent) of our 28 
patients and the heart weight was increased (greater 
than 350 g in women and greater than 400 g in men). In 
20 of the 24 patients, the heart weighed 500 g or more. 
Only two of five previous necropsy studies (Table I) 
mentioned heart weight. Phares et al.! found the heart 
weight to be “100 grams or more above the predicted 
normal" in 33 (83 percent) of 40 patients and Dubnow 
et al.,* found it *100 grams or more above expected 
normal" in 66 (83 percent) of their 80 patients. 

The portion of left ventricular cavity uninvolved by 
aneurysm was dilated in 26 (93 percent) of our 28 pa- 
tients. Information on left ventricular cavity size is 
lacking in previous necropsy studies of patients with left 
ventricular aneurysm!-5.20,22-24 (Table T), 


TABLE Ill 


Number of 28 Patients With Severe* Narrowing of One or 
More Major Coronary Arteries and Number of 112 Major 
Coronary Arteries With Such Narrowing 


Number of 
Coronary Total Number Total Number of 
Arteries Number of Coronary Coronary Arteries 
With Severe of of Arteries With Severe 
Narrowing Patients (4/patient) Narrowing 
1 3 12 3 
2 8 32 16 
3 16 64 4g( 2-9/4.0 
4 1 4 4 
Totals 28 112 71 (63%) 


* 75 percent or greater narrowing of cross-sectional area. 


Characteristics of the coronary arteries: Th. 
degree of narrowing of the epicardial coronary arterie. 
in necropsy patients with healed left ventricular aneu 
rysm was recognized as "severe" in previous studie: 
(Table I)-255 as well as in our patients. Phares et al. 
mentioned "severe" narrowing of the left anterior de 
scending coronary artery in a “majority” of their 4( 
patients. Schlichter et al.? described “severe” coronar 
narrowing in an unspecified number of their 102 pa 
tients. Dubnow et al.* described “occlusive lesions" ir 
one or more coronary arteries in all of their 80 patients 
and Davis and Ebert? reported greater than 50 percent 
luminal narrowing (whether cross-sectional area or di- 
ameter reduction not specified) in two or more of the 
three major (left anterior descending, left circumflex 
and right) coronary arteries in 20 of their 24 necropsy 
patients. In 25 of our 28 patients, two or three of the 
three major coronary arteries were narrowed greater 
than 75 percent in cross-sectional area by atheroscle- 
rotic plaques, and in the other 3 patients, only one artery 
was similarly narrowed. 

Although several previous studies have superficially 
mentioned degrees of coronary narrowing in necropsy 
patients with left ventricular aneurysm, quantitative 
information on the extent and distribution of the 
narrowing in each of the four major coronary arteries 
has not been reported previously. In 22 of our 28 pa- 
tients, an average of 33 percent (range 3 to 61) of the 
lengths of the four major arteries were narrowed 76 to 
100 percent and another 42 percent were narrowed 51 
to 75 percent in cross-sectional area by atherosclerotic 
plaque. The left anterior descending artery had signif- 
icantly more 5 mm long segments narrowed severely 
(greater than 75 percent) than did the other major ar- 
teries. This was true for the patients with an anterior 
wall or apical aneurysm (16 patients) but not in the 
patients with a posterior or lateral wall aneurysm (6 
patients). 


Clinical Features 


Sex and age: It is well recognized that coronary heart 
disease is more frequent in men than in women by a 
ratio of about 2:1. Among necropsy patients with left 
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TABLE IV 


Number and Percent of 5 mm Long Segments of the Four Major Epicardial Coronary Arteries With the Four Grades of Cross- 
Sectional Area Luminal Narrowing* 





Percent Cross-Sectional Area Luminal Narrowing 





Coronary Artery 0-25 26-50 51-75 76-100 Totals 
Left main 
n 14 18 2 
96 (3) (40) (51) (6) (100) 
Left anterior descending 
n 11 45 102 141 299 
% (4) (15) (34) (47) (100) 
Left circumflex 
n 17 54 103 61 235 
% (7) (23) (44) (26) (100) 
Right 
n 11 97 ' 196 119 423 
% (3) (23) (46) (28) (100) 
Totals 
n 40 210 419 323 992 
% (4) (21) (42) (33) (100) 
* Data based on 22 patients. 
ventricular aneurysm, this sex difference is more pro- Heart failure and angina: Chronic congestive heart 
nounced. Of our 28 patients, 24 were men and 4 were failure was the most frequent manifestation of cardiac 
women (Table II), yielding a man to woman ratio of 6:1. dysfunction in our patients, occurring in 22 (79 percent) 
Of the 287 necropsy patients with left ventricular an- of the 28. In contrast, angina pectoris was present in 
eurysm reported on in four previous studies!-* (Table only 4 (14 percent) of the 28 patients and in each of 
D), 224 (78 percent) were men and 63 (22 percent) were them it was infrequent (Table II). Other investigators 
women. Of necropsy patients with fatal coronary heart have also noted a high frequency of chronic congestive 
disease, those with compared to those without left heart failure in their patients: in 24 (60 percent) of 40 
ventricular aneurysm tend to be older. The mean age patients!; in 71 (71 percent) of 102 patients?; in at least 
of 185 necropsy patients with left ventricular aneurysm 61 (75 percent) of 80 patients*; and in 35 (88 percent) 
from three previously reported studies!^^^ was 69 years. of 40 patients? (Table I). The frequency of angina pec- 
'The mean age of our 28 patients was 62 years (range 31 toris in necropsy patients with left ventricular aneurysm 
to 85), and 17 (61 percent) were 60 years of age or older has rarely been mentioned. Davis and Ebert? recorded 
(Table II). angina in 25 (63 percent) of their 40 patients reported 
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0-25 26-50 51-75 76-100 CORONARY ARTERY 
PERCENT LUMINAL NARROWING IN CROSS-SECTIONAL AREA FIGURE 8. Mean percent of 5 mm long segments of the right, left an- 
Pee nee OO PLAQUE terior descending and left circumflex coronary arteries narrowed more 
FIGURE 7. Mean percent of 5 mm long segments of the left main (LM), than 75 percent in cross-sectional area by atherosclerotic plaques in 
left anterior descending (LAD), left circumflex (LC), and right (R) coronary the proximal and distal halves of each artery in 22 study patients with 
arteries narrowed to various degrees in 22 study patients with healed healed myocardial infarction and left ventricular aneurysm. NS = nc 
myocardial infarction and left ventricular aneurysm. significant difference. 
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to have left ventricular aneurysm, but the criteria for 
diagnosis of aneurysm in their patients were imprecise. 
Phares et al.! found severe angina in 5 (13 percent) of 
their 40 patients. All our patients with chronic conges- 
tive heart failure had dilated nonaneurysmal portions 
of left ventricle, in general a fairly reliable anatomic 
indicator for the presence of chronic congestive heart 
failure in patients without valvular heart disease or 
intercirculatory shunts. It appears that the dilated left 
ventricle even in patients with severely narrowed cor- 
onary arteries infrequently causes angina pectoris, and 
when it does, the angina is mild and infrequent. 

Systemic hypertension: This was present in at least 
13 of our 28 patients before the acute myocardial in- 
farction and in the remaining 15 patients information 
regarding the level of the systemic blood pressure before 
the infarction was inadequate. Only four patients had 
systemic hypertension after healing of the acute in- 
farction (Table II). Thus, systemic hypertension is in- 
frequent in patients with healed myocardial infarction 
and true left ventricular aneurysm. It seems likely that 
the explanation for the considerable cardiomegaly in 
most of our patients was the presence of systemic hy- 
pertension, undiagnosed in most, before the acute 
myocardial infarction. Also, it is likely that the poorly 
contracting aneurysmally dilated left ventricle after 
healing of the acute infarction was incapable of creating 
sufficient cardiac output to allow elevation of the sys- 
temic arterial pressures. The frequency of systemic 
hypertension in previously described necropsy patients 
with left ventricular aneurysm has ranged from 22 
percent (14 of 65 patients)? to 68 percent (69 of 102 
patients).? It is not apparent from these previous 
studies! (Table I) whether the systemic hypertension 
was present before or after the acute myocardial in- 
farction, or both, or whether the information was de- 
rived by history or by actual blood pressure re- 
cording. 

Thromboembolism: Although left ventricular an- 
eurysms frequently contain thrombi, the frequency of 
clinical events compatible with systemic emboli is quite 
variable. Of our 28 patients, 11 (39 percent) had in- 
traaneurysmal thrombi but only 1 had an event com- 
patible with a systemic embolus; none of the 17 patients 
without intraaneurysmal thrombi had a compatible 
event (‘Table IT). Of 102 patients with left ventricular 
aneurysm reported by Schlichter et al.,? 55 (54 percent 
had intraaneurysmal thrombi; and at least 36 (35 per- 
cent) of their 102 patients had a clinical event compat- 
ible with a systemic embolus. Of the 80 patients re- 
ported on by Dubnow et al.,* 52 (65%) had intraaneur- 
ysmal thrombi, and 10 (minimum) had a clinical em- 
bolic event. Only 9 (14 percent) of the 65 patients de- 
scribed by Abrams et al.? had intraaneurysmal thrombi, 
and the frequency of clinical systemic emboli was not 
mentioned (Table I). Despite the variability in the re- 
ported frequency of clinical events compatible with 
systemic emboli in patients with left ventricular aneu- 
rysm and healed myocardial infarction, intraaneurysmal 
thrombus formation is frequent and it would, therefore, 


appear reasonable to use anticoagulant agents in thes 
patients. 

Clinical diagnosis: Surprisingly, clinical diagnosi 
of left ventricular aneurysm by means other than lef 
ventricular angiography is infrequent. The diagnosis o 
left ventricular aneurysm was made in each of our 1! 
patients who underwent left ventricular angiograph: 
but among the other 18 patients, diagnosis by ches 
radiograph or electrocardiogram was made in only 2 
Persistent S-T elevation in the electrocardiogram afte 
healing of the acute myocardial infarction was observe 
in only 6 (21 percent) (4 of whom also had angiography 
of our 28 patients. In previous studies clinical diagnosi: 
of left ventricular aneurysm was made in only 4 (6 per 
cent) of 65 necropsy patients;? in 13 (16 percent) of 8 
necropsy patients,* and in 6 (22 percent) of 27 necrops: 
patients? (Table I). 

Prognosis: Survival in patients who manifest a lef 
ventricular aneurysm after a clinically documentec 
acute myocardial infarction is clearly diminishec 
compared with that in patients with healed myocardia 
infarction unassociated with aneurysm. Of our 21 pa 
tients whose acute infarction was diagnosed clinically 
only 3 lived 60 months or longer thereafter (Fig. 1). Ir 
previous studies of patients with left ventricular aneu.: 
rysm and earlier clinical documentation of acute myo. 
cardial infarction, only 8 (12 percent) of 662 and 13 (27 
percent) of 48^ survived 5 years or longer after infarctior 
(Table I). 

Causes of death: It is well recognized that most pa- 
tients with severe coronary arterial narrowing from 
atherosclerosis either die suddenly, from so-called 
sudden coronary death or from acute myocardial in- 
farction. This situation holds whether the coronary 
event is a first or a subsequent one. Such, however, was 
not the situation among our patients with left ventric- 
ular aneurysm and healed myocardial infarction (Table 
II). Only 2 of our 28 patients died suddenly, and only 1 
had a fatal acute myocardial infarction. Thirteen of our 
28 patients died from intractable congestive heart 
failure and 5 from consequences of left ventricular an- 
eurysmectomy. It is likely that congestive heart failure 
would have proved fatal in at least four of these latter 
five patients. Rupture of a healed true left ventricular 
aneurysm is an extremely rare occurrence. Rupture did 
occur, however, in one of our patients but only because 
septicemia developed and a septic process invaded the 
aneurysmal wall. Chronic congestive heart failure was 
not as frequent a fatal event, and fatal acute myocardial 
infarction was more frequent in previous necropsy 
studies'*° (Table I). “Sudden coronary death" was 
noted to be an infrequent mode of death in previous 
reports (6 [15 percent] of 40 patients,! none of 102 pa- 
tients? none of 65 patients? and none of 24 pa- 
tients).° 

Conclusions: Thus, from our study of 28 necropsy 
patients with true anatomic left ventricular aneurysm 
and healed myocardial infarction, the following con- 
clusions appear justified: The myocardial infarct is 
large; the heart weight is increased and the nonscarred 
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left ventricular wall is hypertrophied; the nonaneur- 
ysmal portions of the left ventricular cavities are dilated; 
the major epicardial coronary arteries are severely 
narrowed; chronic congestive heart failure is frequent 
and is the most common cause of death; angina pectoris 
is infrequent; recurrence of acute myocardial infarction 
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is infrequent; clinical events compatible with systemic 
emboli are infrequent despite frequent intraaneurysmal 
thrombus; the long-term prognosis is poor; sudden 
death is infrequent; and clinical diagnosis of the left 
ventricular aneurysm without left ventricular angiog- 
raphy is infrequent. 
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Cardiovascular function and prognosis have not been adequately defined 
early after an uncomplicated acute myocardial infarction in patients given 
no medication. Ninety such patients were studied with treadmill testing 
submaximally at 3 weeks and maximally at 8 weeks after infarction. The 
exercise heart rate, rate-pressure product and oxygen uptake were, re- 
spectively, 120 + 17 beats/min, 179 + 43 and 17.4 + 1.0 ml/kg per min 
at 3 weeks and 157 + 20, 271 + 55 and 24.3 + 3.7 at 8 weeks. Exercise 
variables at submaximal equivalent exercise work did not change from 
3 to 8 weeks. At maximal exercise 15.6 percent of patients had S-T 
changes alone, 8.9 percent had angina alone and 12.2 percent had both. 
Patients were followed up for a mean of 23.7 months for complica- 
tions—death, reinfarction, bypass grafting and progression to functional 
class Ill and IV. Complications occurred in 27 percent of patients with both 
angina and S-T changes, 29 percent of those with S-T changes alone, 25 
percent of those with angina alone, 8 percent of those with ventricular 
arrhythmia alone, 12 percent of those with a normal 8 week treadmill test 
and in 17 percent of the group as a whole. Another 18 patients who were 
given no medication and whose course was uncomplicated could not 
perform a maximal 8 week treadmill test because of angina pectoris or 
S-T segment depression, or both, and 56 percent of these had long-term 
complications. ; 

In conclusion, these reference values serve as safe limits in performing 
treadmill testing early after acute myocardial infarction. S-T changes or 
angina, or both, and inability to complete a maximal 8 week treadmill test 
identify patients at risk for later complications even though these patients 
may have been considered to be in a low risk category clinically. 


Cardiovascular function has not been completely defined in the early 
period after an acute myocardial infarction. Until recently, exercise 
testing has been used primarily to study patients suspected of having 
clinical or subclinical coronary artery disease. Exercise tests in the early 
period after acute myocardial infarction are now being performed and 
the data obtained frequently reported.!-!? Reliable baseline responses 
to assess abnormal values have not been published and long-term fol- 
low-up results have not been described. A reliable reference group of 
patients studied after acute myocardial infarction is needed as a standard 
for comparison before exercise treadmill testing is used in this early 
period for diagnostic purposes. Safe limits must be determined. 

In this paper we define exercise variables in patients who had an un- 
complicated acute myocardial infarction and who underwent treadmill 
exercise testing submaximally at 3 weeks and maximally at 8 weeks after 
infarction. We propose to assess the exercise capacity of these patients 
after an acute myocardial infarction as has been done for normal subjects 
and patients with chronic coronary artery disease!^!5 and to correlate 
these data with long-term follow-up. 
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Methods 


Study patients: One hundred eight patients, 93 men and 
15 women, were studied. Their average age was 53 + 10 years 
(range 30 to 79). All patients had an uncomplicated acute 
myocardial infarction; that is, none had congestive heart 
failure or angina pectoris during rehabilitation. 

The diagnosis of an acute transmural myocardial infarc- 
tion was substantiated by all of the following: chest pain 
typical of coronary artery disease, serial acute serum enzyme 
changes and evolving Q wave abnormality with acute S-T and 
T wave changes in the electrocardiogram. The diagnosis of 
subendocardial myocardial infarction was substantiated with 
chest pain typical of coronary artery disease, serial diagnostic 
enzyme changes, and acute S-T and T wave changes persisting 
for more than 48 hours. No patient had a history of angina 
pectoris during rehabilitation after myocardial infarction. 
Three patients had mild cardiomegaly on chest X-ray exam- 
ination, as defined by a cardiothoracic ratio greater than 50 
percent, but none had clinical evidence of congestive heart 
failure. No patient was taking digitalis, propranolol or any 
antiarrhythmic agent. No history of syncope or other cardiac 
disease was elicited. No patient had undergone previous cor- 
onary bypass surgery. Mitral valve prolapse and valvular heart 
disease were absent. 

Classified functionally according to New York Heart As- 
sociation 9 criteria at the 8th week after acute myocardial 
infarction, 59 were in class I, 49 in class II, and none in class 
III or IV. No patient had been under treatment for ventricular 
arrhythmia, angina pectoris or congestive heart failure. The 
site of the recent myocardial infarction was anterior in 30, 
inferior or posterior, or both, in 52 and subendocardial in 26 
patients. | 

The study group was derived from 410 patients who entered 
Wilford Hall U. S. Air Force Medical Center between October 
1975 and March 1978 with a transmural or subendocardial 
acute myocardial infarction. Other patients with uncompli- 
cated myocardial infarction were not studied because they 
were taking cardiotropic medications. The patients were 
studied with exercise stress testing at 3 and 8 weeks after in- 
farction. Progressive rehabilitation with passive and active 
range of motion exercises was started in the coronary care unit. 
After discharge from the unit, the patients were gradually 
allowed to walk and, by the 3rd week, they were walking 1 mile 
daily without cardiovascular symptoms. 

Treadmill testing: The procedure was performed in the 
fasting subjects in the morning, and it was usually their first 
experience with treadmill walking. They were not allowed to 
support their weight on the handrails. Subjects with any of 
the following findings were excluded from our "standard" 
study: (1) any physical ailment that could limit treadmill 
performance; (2) a submaximal treadmill effort, as judged by 
those monitoring the treadmill test; (3) an electrocardiogram 
at rest showing a bundle branch block pattern; and (4) blood 
pressure at rest greater than 140/90 mm Hg. The study pur- 
pose and details were explained, and informed consent was 
obtained from each patient according to the Wilford Hall 
Medical Center Human Experimentation Committee. 

Exercise protocol: An electrocardiogram during exercise 
was continuously monitored using a Mason-Likar 12 lead 
system.!7 The exercise test at the 3rd week after myocardial 
infarction consisted of three minute stages at 1.7 miles/hour 
with grades of 0, 5 and 10 percent, respectively. At the 8th 
week after infarction, the patients underwent a maximal 
Bruce treadmill test!? after going through the initial stages 
of the 3rd week protocol. No complications were encountered. 
The exercise tests at 8 weeks were maximal; that is, they were 
symptom-limited or limited by the development of progressive 
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angina pectoris, S-T segment depression greater than 4 mm 
S-T or a decrease in systolic blood pressure of more than 10 
mm Hg. Electrocardiographic recordings were made before 
exercise in the lying and standing positions, during the last 
30 seconds of each level of exercise, during the immediate 
postexercise period, and every 3 minutes thereafter until 
ventricular ectopic status or S-T segment changes had re- 
turned to control level. Blood pressure cuff recordings were 
obtained at 1 to 3 minutes intervals throughout the exercise 
period. | 

Ninety of the 108 patients with uncomplicated myocardial 
infarctions were able to exercise for the total 9 minutes of our 
3 week treadmill testing protocol and maximally at 8 weeks. 
These 90 patients are the source of our baseline standard of 
exercise responses for patients after myocardial infarction. 
The 18 patients unable to exercise maximally at 8 weeks were 
limited by angina alone (8 patients), both angina and S-T 
segment depression (8 patients) or S-T depression alone (2 
patients). The condition of all these patients had been con- 
sidered clinically uncomplicated. 

For statistical analysis, we used the unpaired t test. 
Subgroup sample sizes were too small for chi-square anal- 
ysis. 

Results 
Exercise Test Results 


S-T depression and angina: None of the 90 study 
patients were limited by angina pectoris at the 3rd or 
8th week of exercise. In all, fatigue, progressive short- 
ness of breath or leg discomfort was the exercise end 
point. Angina pectoris developed in 9 patients (10 per- 
cent) at 3 weeks and in 19 patients (21 percent) at 8 
weeks with maximal exercise. These patients who ex- 
perienced angina at maximal exercise denied the pres- 
ence of angina except during the exercise testing. One 
mm or greater S-T segment depression occurred in 3 
patients (3 percent) at 3 weeks and in 25 patients (27 
percent) at 8 weeks with maximal exercise. Two mm or 
greater S- T segment depression occurred in no patient 
at 3 weeks and in eight patients (9 percent) at 8 weeks. 
Thirteen patients had S-T elevation with exercise. All 
but three of these also had S-T depression. In two of 
these three, the S-T elevation was in leads corre- 
sponding to a prior anterior infarction. 

Evidence of ischemia (presence of angina or S-T 
segment displacement 1 mm or greater from resting 
values) was seen in 13 percent of patients at 3 weeks and 
in 30 percent of patients at 8 weeks in the 90 reference 
patients. Ischemia was present in 18 (100 percent) of 18 
patients not exercising maximally at 8 weeks. 

Ventricular arrhythmia: Table I shows the results 
of ventricular arrhythmia analysis in the 90 patients. 
The variables assessed were the presence of any pre- 
mature ventricular complexes, more than three pre- 
mature ventricular complexes/min, multifocal prema- 
ture ventricular complexes, bigeminy, couplets and 
ventricular tachycardia (three or more consecutive 
beats). In more than half (50) of the patients, premature 
ventricular complexes developed with exercise; however, 
these complexes were reproducible from the 3rd to the 
8th week in only 16 (32 percent) of the 50. Bigeminy and 
couplets occurred in 13 and 11 percent of patients, re- 
spectively. The type and prevalence of premature 
ventricular complexes did not change significantly in 
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TABLE ! 


Premature Ventricular Complex Analysis at 3 and 8 Weeks 
After Acute Myocardial Infarction in 90 Patients 


3rd Week 8th Week 3rd & 8th 


Only Only Week Total 
(?6)* (?6)* (%)* (%)' 
Any premature 16 (32) 18 (36) 16 (32) 50 (54) 
ventricular 
complex 
3/min or greater 7 (25) 13 (46) 8 (29) 28 (30) 
Multifocal 1(14) 5 (71) 1(14) 7 (8) 
Bigeminy 5 (42) 4 (33) 3 (25) 12 (13) 
Couplets 3 (30) 4 (40) 3 (30) 10 (11) 
Ventricular 0 1 (100) 0 1(1) 
tachycardia 


* Percent of the total number of patients having each type of ar- 
rhythmia. t Percent of total patients (90). 


the group as a whole from the 3rd to the 8th week. 
Ventricular tachycardia was a rare occurrence. No 
sustained arrhythmia was encountered and there was 
no arrhythmic morbidity. 

Hemodynamic responses: The hemodynamic re- 
sponses to exercise as evaluated by heart rate, systolic 
blood pressure, rate-pressure product, estimated oxygen 
consumption!* and exercise time are shown in Table II, 
where values are assessed as mean + 1 standard devia- 
tion, and in Table III, where values are shown for the 
10th, 50th (median) and 90th percentiles. All patients 
had these measurements at both the 3rd and 8th week 
after myocardial infarction. No patient experienced a 
decrease in heart rate or systolic blood pressure with 
exercise at any stage. There was no significant difference 
in the heart rate, systolic blood pressure or maximal 
rate-pressure product at 3 weeks between the 90 pa- 
tients forming the baseline standards and the 18 pa- 
tients who were unable to exercise maximally at 8 weeks. 
However, the 8 week values in the 18 patients were lower 
because ischemia limited their testing. 

The heart rate and rate-pressure product at the same 
9 minute exercise time (1.7 miles/h, 10 percent grade) 
at both the 3rd and the 8th week were compared to de- 
tect any serial change in these functions at an equivalent 
work load. There was no significant change in these 
values from the 3rd to the 8th week. 

Relation to age and infarct location (Table IV): 
Duration of exercise at the 8th week (Bruce protocol) 


TABLE Il 


Hemodynamic Exercise Responses* After Acute 
Myocardial Infarction in 90 Patients 


Heart rate (beats/min) 3rd Week 8th Week 
At rest (2.x 12 73 + 11 
Maximal 120 + 17 157 + 20 

Systolic blood pressure (mm Hg) 

At rest 112 + 16 116: 15 
Maximal 148 + 23 173 + 22 

Rate-pressure product 
Maximal 179 + 43 271 i 55 
Percent increase from resting 225 + 52 327 +74 

Estimated oxygen consumption 17.4+ 1.0 24.0 + 3.7 

(ml/kg per min) 
Exercise time (s) 540 746 + 106 


* Mean + 1 standard deviation. 


increased significantly with decreasing age. Maximal 
heart rate, oxygen consumption and rate-pressure 
product at the 8th week were also age-related, with 
decreasing values as age increased. The older the pa- 
tient, the closer to a maximal value was his exercise re- 
sponse when the modified 3rd week treadmill protocol 
was used. There was not a wide individual variation 
within age groups of any of the variables studied. There 
was no relation between the estimated oxygen uptake, 
the maximal heart rate or rate-pressure product de- 
termination and site of infarction. Subgroups other than 
those related to age are not specifically identified be- 
cause the population is homogeneous. 

Clinical follow-up results: All 108 patients were 
followed up for a mean of 23.7 months. The complica- 
tions assessed during the follow-up period were death, 
reinfarction, aortocoronary saphenous vein bypass 
grafting (for severe limiting angina only) or progression 
to clinical functional class III or IV. Death occurred in 
only two patients, one with S-T depression only and one 
with neither angina nor S-T depression on exercise. 
Among the 90 patients exercising maximally (not lim- 
ited by cardiovascular symptoms or signs), complica- 
tions occurred in 27 percent of those with both angina 
and S-T depression, in 29 percent of those with S-T 
segment depression only, in 25 percent of those with 
angina only, in 8 percent of those with ventricular ar- 
rhythmia only, in 12 percent of those with a normal 
exercise response and in 17 percent of the group as a 


TABLE lll 
Maximal Hemodynamic Exercise Responses* After Acute Myocardial Infarction in 90 Patients 
10th 50th 90th 
Percentile Percentile Percentile 
3 Weeks 8 Weeks 3 Weeks 8 Weeks 3 Weeks 8 Weeks 

Heart rate (beats/min) 100 120 160 146 180 
Systolic blood pressure (mm Hg) 120 150 170 180 200 
Estimated oxygen consumption (ml/kg per min) 15.2 18.9 17.6 24.2 18.3 29.4 
Exercise time (s) 540 540 750 540 900 


* 10th, 50th and 90th percentiles. 
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TABLE IV 
Age-Related Exercise Variables After Acute Myocardial Infarction in 90 Patients 
Maximal Estimated Oxygen Rate- 
Exercise Heart Rate Consumption Pressure Product 
Patients Age Time (8 Week) (beats/min) (ml/kg per min) (units) 
(n) (yr) (s) 3 Week 8 Week 3 Week 8 Week 3 Week 8 Week 
5 39 514+ 110 112 + 13 185 + 15 18.6 + 0.3 28.5 + 3.8 150 + 12 320 + 57 
24 40-49 428 + 102 121 £ 19 163 + 21 17.8 + 0.9 25.5 + 3.6 171+ 50 271 + 60 
37 50-59 407+ 74 118+ 17 159 + 15 17.4 + 0.8 24.8 + 2.6 178 + 43 289 + 45 
21 60-69 294 + 80 126 + 17 145 + 20 16.7 + 1.2 20.8 + 2.8 191+ 39 244 + 39 
$ vd 70-79 270 + 95 109 + 13 130 + 13 16.6 + 1.0 20.0 + 3.3 176 + 24 217 + 67 
o 
mean 388 120 + 17 157 + 20 17.4 + 1.0 24.0 + 3.7 179 + 43 271+ 55 


whole. The occurrence of long-term complications in 
patients with an ischemic 8 week test response was 
significantly greater than that in patients with a non- 
ischemic response (p <0.05). Among the other 18 pa- 
tients who had no medication and whose course was also 
considered uncomplicated but who were limited at the 
8th week exercise test by cardiovascular signs or 
symptoms, 10 (56 percent) had long-term complications. 
This incidence was significantly greater than that in 
patients with a nonischemic 8 week test (p <0.001). The 
site of myocardial infarction in these 18 patients was 
inferior in 61 percent, anterior in 28 percent and sub- 
endocardial in 11 percent. Four of the 13 patients with 


exercise-induced S-T elevation had long-term compli-. 


cations, but all 4 also had S-T depression. 


Discussion 


Features of our study group: The predominance 
in our series of patients with an inferior or posterior site 
of myocardial infarction probably reflects our exclusion 
of patients with clinical heart failure from the study. 
The preponderance of inferior myocardial infarction is 
similar to that in other postmyocardial infarction ex- 
ercise studies. !!,19,20 Inferior infarction was also pre- 
dominant in the 18 patients who had the highest com- 
plication rate. — 

Our patients were a select group with uncomplicated 
myocardial infarction. No patient was taking digitalis, 
propranolol or an antiarrhythmic agent. In all past 
studies there was no medication control; up to 23 per- 
cent of patients reported on were taking antiarrhythmic 
drugs or propranolol and up to 66 percent were taking 
digitalis./-13 These medications could exert profound 


TABLE V 


effects on the presence of angina pectoris, ischemic 
electrocardiographic and heart rate responses, exercise 
duration, and presence of arrhythmias. Attrition has 
occurred in previous serial studies?:19.1?; however, none 
occurred in out patient group. 

Comparison of 3 week and 8 week exercise tests: 
Table V compares the age-related maximal heart rate 
of our patients tested 8 weeks after acute infarction with 
data obtained from previous exercise studies of normal 
subjects?! and patients tested 3 weeks after infarction.? 
In all age decades the mean maximal heart rate in pa- 
tients who have had a myocardial infarction was less 
than that in normal subjects. 

Early after myocardial infarction, our patients had 
a maximal exercise performance essentially equivalent 
to that of patients studied more than 3 months after 
infarction^!*^15 (Table VI). In our subjects, the mean 
maximal heart rate at 8 weeks after infarction was 
higher than that observed by Ibsen et al.? during max- 
imal exercise treadmill testing at 3 weeks. Their results 
may have been influenced by the 19 percent of patients 
who were taking digitalis and 3 percent taking pro- 
pranolol, and inclusion of patients with myocardial 
dysfunction. 

At submaximal equivalent exercise work loads, there 
was no significant difference in the exercise variables 
studied from the 3rd to the 8th week in our reference 
population. This finding is at variance with that of other 
investigations. The study by Markiewicz et al.? with 
serial submaximal treadmill testing in 46 patients (23 
of whom had symptom-limited tests) after acute myo- 
cardial infarction showed that the aerobic capacity 
improved from the 3rd to the 8th week. Wohl et al.!? also 


Maximal Exercise Heart Rates (beats/min) by Age 


20-29 


Normal subjects?' 190 
8 weeks after acute myocardial infarction * — 


Age Decade 
PME m. indi, oc MA LE LL n 
30-39 40-49 50-59 60-69 70-79 
182 179 171 164 — 
185 15 163 + 21 159 + 15 145 + 20 130 + 13 
— 144+ 18 133 + 16 125 = Vi 115+ 14 


3 weeks after acute myocardial infarction® — 


____ 3 weeks after acute myocardial infarction — — — — — 1 ee 


* Present series. 
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TABLE VI 


Summary of Exercise Variables in Various Patient Populations 


Resting 
Heart 


Age Rate 


Estimated 
Maximal Maximal 
Heart Pressure-Rate Oxygen Exercise 
Rate Product Consumption Duration * 


Study (yr) n (beats/min) (beats/min) (units) (ml/kg per min) (s) 
Sedentary normal subjects !5 551-8 69 — 170 + 18 33.9 + 6.3 547 + 115 


Chronic coronary artery disease 5 50+7 249 74+ 12 

12 weeks after acute myocardial 50 216 744 12 
infarction* 

12 weeks after acute myocardial 50 99 744+ 12 
infarction (fatigue-limited)4 

Healed acute myocardial 98+8 21 — 


infarction! 


252 + 56 


156 + 20 25+ 9 454+ 156 
149 + 25 283 + 70 21.3 + 5.9 — 
164 + 17 324 + 51 24.9 + 4.6 — 
161+ 14 — 28.1 + 6.8 418 + 139 


Present series 55 + 10 90 73+ 11 157 + 20 271 + 55 24.3 X: 4 386 + 106 


* Bruce treadmill protocol. 


noted improvement early after infarction but showed 
a more favorable myocardial oxygen supply-demand 
ratio from the 3 to 6 week study to the 3 to 6 month 
study because of improvement in myocardial function. 
The exercise in approximately 50 percent of their pa- 
tients was limited by symptoms and signs suggestive of 
myocardial ischemia at peak exercise. Many patients 
were taking cardiotropic agents, and patients in func- 
tional class III were included in their study. None of our 
patients were similarly limited, although 30 percent had 
signs of ischemia at peak exercise. 

Ischemic changes during exercise early after 
infarction: Studies of exercise testing after myocardial 
infarction have shown that angina is produced in 9 to 
21 percent of patients at 3 weeks.9569.10,12 Angina de- 
veloped in 10 percent of our reference patients at 3 
weeks and in 21 percent at 8 weeks after myocardial 
infarction. Abnormal S-T segment response with ex- 
ercise occurs in 13 to 49 percent of patients at 3 weeks, 
occurring in most with maximal exercise.3:5.6,9,10,12 One 
mm or more S-T segment depression was seen in only 
3 percent of our reference patients at 3 weeks and in 28 
percent at 8 weeks after acute myocardial infarction. No 
serious ischemic complications were seen in any post- 
infarction exercise study. Our study shows that ischemic 
exercise changes in patients with uncomplicated in- 
farction are rarely present at 3 weeks after acute in- 
farction, and that more ischemia is evident at the higher 
exercise work load at 8 weeks but is still unusual. 

Safety and advantages of exercise testing after 
infarction: Modified treadmill testing at 3 weeks and 
maximal testing at 8 weeks after acute myocardial in- 
farction under controlled circumstances are more safely 
performed than unmonitored home activity and are, in 
fact, desirable in the management and follow-up of 
patients. The 3rd week exercise test allows assessment 
before hospital discharge, and the 8th week test allows 
assessment for return to work or long-term exercise 
prescription. We found that the 8 week exercise test 
detected 18 patients (16 percent of the total group of 
108) who were in a very high risk group (56 percent) for 
long-term complications, although their condition had 
previously been considered uncomplicated. Twenty-five 
to 29 percent of patients after uncomplicated myocar- 


768 


dial infarction who manifested angina or S-T segment 
depression but were not limited by these signs or 
symptoms on the 8 week test had a long-term compli- 
cation. However, exercise-induced S-T elevation did not 
help to identify patients at risk. Exercise testing allows 
an objective measure of capacity and, psychological 
reaction to physical activity as well as of possible myo- 
cardial ischemia that would otherwise go unnoticed. 

Evaluation of ventricular arrhythmias: Ventric- 
ular arrhythmias after acute myocardial infarction are 
more accurately evaluated with continuous ambulatory 
monitoring than with exercise treadmill testing.! 
However, more than 600 patients have been studied 
with exercise to detect arrhythmias in the 2nd and 3rd 
weeks after acute myocardial infarction. No relation was 
noted in our study or in that of others between ar- 
rhythmia and either angina or S-T segment depression, 
except in the investigation of Markiewicz et al.? In 
previous studies?5101222 exercise testing detected a 29 
to 60 percent incidence rate of premature ventricular 
complexes after acute myocardial infarction (compared 
with the 54 percent rate in our study). In our patients, 
neither the presence, nor the severity of premature 
ventricular complexes varied significantly from the 3rd 
to the 8th week after infarction. In other studies,?2.23 
their frequency and'complexity (in a possibly different 
type of population) increased between 3 and 12 weeks 
after acute infarction. A serious arrhythmia observed 
during exercise after acute infarction denotes a very 
abnormal response. In our study, patients who mani- 
fested premature ventricular complexes that occurred 
at a rate of more than 30/h on 24 hour ambulatory 
electrocardiographic recording, were multiform or 
formed couplets or ventricular tachycardia were treated 
after the 8th week with long-term propranolol therapy. 
No sudden deaths were noted in this group of 32 pa- 
tients. 

Prognostic value of exercise testing: Our long- 
term follow-up findings in patients after acute myo- 
cardial infarction extend the data from several other 
studies in a significant way. It is becoming known that 
exercise testing after acute myocardial infarction has 
prognostic value among patients described as free of 
overt heart failure or chest pain. Our data extend this 
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group to those with a more truly “uncomplicated” status 
after acute myocardial infarction, Smith et al.!? exer- 
cised 62 patients to 60 percent of their maximal heart 
rate 18 days after acute myocardial infarction. Their 
testing influenced management in 13 patients (21 per- 
cent) (administration of antiarrhythmic or antianginal 
therapy or prolongation of hospitalization). In 20 of the 
62 patients S-T depression developed, and in 6 (30 
percent) of these either death or reinfarction occurred 
during a mean 21 month follow-up period, whereas 
these complications occurred in only 5 percent of pa- 
tients without S-T segment depression. Such a group 
of patients who manifest S-T depression at only 60 
percent of predicted maximal heart rate show signifi- 
cant ischemia, and this poor prognosis could have been 
predicted. It seems that a subset of patients, similar to 
our 18 patients who had a 56 percent incidence rate of 
complications, were selected. | 

Theroux et al.24 studied 210 patients 11 days after 
acute myocardial infarction with treadmill testing to 70 
percent of predicted maximal heart rate. Eighty-three 
patients were taking propranolol and 22 were taking 
digitalis. These investigators concluded that exercise 
testing could predict mortality since only 2.1 percent 
(3 of 146) of patients without S-T segment changes 
versus 27 percent (17 of 64) of those with S-T segment 
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depression died in the subsequent year. Sudden death 
occurred in 1 (0.7 percent) of 146 and in 10 (16 percent) 
of 64 patients, respectively (p <0.001). It was also sig- 
nificant that angina developed in 65 percent of patients 
with chest pain during the test but in only 36 percent 
of those who had no chest pain during the test. These 
findings also indicate that, similar to our subset of 18 
patients, a significant number of their patients had 
ischemia 2 weeks after infarction. Thus, a clinical 
evaluation without objective measurements is inade- 
quate to assess which patients are truly at lower risk. 
Significant changes from the reference values given 
for the exercise variables, angina, S-T segment de- 
pression and ventricular arrhythmias should be iden- 
tified early after myocardial infarction. The exercise 
response of our patients with uncomplicated myocardial 
infarction should serve as guidelines for recommending 
exercise prescriptions, antianginal and antiarrhythmic 
therapy and, possibly, cardiac catheterization. 
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A heterogeneous group of 19 consecutive patients with coronary artery 
disease were studied with radionuclide ventriculography before and after 
a mean of 6 months of exercise training. Ejection fraction was measured 
at rest, at matched submaximal supine work loads and during maximal 
supine bicycle exercise. After training there was no change in mean 
ejection fraction at rest or during maximal exercise, but a higher maximal 
mean systolic blood pressure, heart rate and work load were achieved. 
At equivalent submaximal work loads after training, similar levels of mean 
heart rate and systolic blood pressure were reached but a statistically 
greater mean ejection fraction was obtained. These preliminary results 
suggest that exercise training may improve cardiac function during ex- 
ercise in selected patients with coronary disease. A randomized study 
using similar techniques has been initiated. 


Improvement in the exercise capacity of patients with coronary artery 
disease after exercise training has been demonstrated.!-3 This im- 
provement is associated with peripheral adaptations probably due to 
circulatory, histologic and enzymatic alterations in the exercised muscle 
groups, resulting in more efficient function.*? However, few data exist 
on the effects of training on cardiac function in human subjects, par- 
ticularly on cardiac function during exertion. No difference was found 
in ventricular function measured during cardiac catheterization in pa- 
tients with coronary artery disease before and after exercise training, 
but these measurements were obtained only during rest.6-? 

Radionuclide ventriculography provides a simple noninvasive method 
for the assessment of left ventricular function both at rest and during 
exercise.!? The purpose of this investigation was to use radionuclide 
ventriculography to assess ventricular performance during exercise in 
patients with coronary artery disease before and after an exercise training 
program. 


Methods 


Patient selection: A total of 25 consecutive patients entering our cardiac 
rehabilitation program who consented to evaluation before and after exercise 
training were studied. However, six patients were subsequently eliminated: three 
because the initial studies were conducted less than 3 months after myocardial 
infarction, two because of necessary changes in medication and one because of 
mitral regurgitation that made ejection fraction measurements unreliable. 
Pertinent characteristics of the 19 patients are presented in Table I. The mean 
age was 51 + 9 years (range of 35 to 64) and the mean training time was 6 + 2 
months. Four patients had coronary arterial bypass grafting at least 4 months 
before the initial study. Seven patients were receiving propranolol during this 
period. The only other medications administrated were nitrates, which were 
discontinued at least 4 hours before the start of all testing procedures. 

Exercise testing: Supine rest and exercise equilibrium radionuclide ven- 
triculography was performed on an imaging table with a mounted electronically 
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braked bicycle ergometer (Uniwork-845T, Quinton Instru- 
ments) of adjustable height. After acquisition of images at rest, 
the patient’s feet were strapped to the pedals at the 15° ele- 
vation. After a brief trial of supine exercise to estimate exercise 
capacity, exercise testing began at 1/3 the patient’s estimated 
maximal work load. The work load was then increased to ap- 
proximately 2/3 maximal capacity and finally to the estimated 
maximal work load. All stages were 3 minutes in duration with 
scintillation data collected during the last 2 minutes of each 
stage. Heart rate, blood pressure and the electrocardiogram 
were carefully monitored and recorded at each stage. Exercise 
was terminated in most patients at the point of volitional fa- 
tigue. However, two patients stopped without symptoms be- 
cause of 0.3 mV S-T segment depression and four stopped 
with the onset of definite anginal pain. 

Treadmill testing was performed in close proximity (usu- 
ally 2 weeks) to the radionuclide ventriculographic studies, 
with use of a modified Balke-Ware protocol.!! Treadmill speed 
was 2.0 or 3.3 miles/h with the grade increased 5 percent every 
2 or 3 minutes. Termination of the test and acquisition of 
hemodynamic and electrocardiographic data were the same 
as for the radionuclide ventriculographic test. Maximal oxygen 
consumption was estimated from the maximal speed and 
grade attained, as previously validated.!! 

Equilibrium radionuclide ventriculography: Fifteen 
to 25 millicuries (mCi) of technetium-99m tagged to human 
serum albumin was introduced through a catheter in an an- 
tecubital vein. Imaging was performed for 5 minutes with the 
patient supine at rest, and then for 2 minutes during exercise, 
with use of a modified left anterior oblique camera position 
with a 10 to 15? caudal tilt. This positioning allowed optimal 
right and left ventricular and atrioventricular separation. Data 
were recorded with a mobile single crystal scintillation camera 
(Picker *Dynamo") equipped with a general purpose parallel 
hole collimator and processed on a Medical Data Systems 
PAD computer. The peak of the R wave was used as the 
physiologic gate. The computer divided the R-R interval into 
28 equal time periods (frames) and then assembled data from 
all of the cardiac cycles in the given acquisition period. The 
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viewer was then able to select the left ventricular region of 
interest by placing a box around the left ventricle at end- 
diastole. A computer algorithm based on a combination of the 
decline of count rate and its second derivative automatically 
determined the left ventricular border. Generation of a 
time-activity curve was accomplished by determining the left 
ventricular counts for each frame corrected for background 
activity in the left lung. With use of the time-activity curve, 
ejection fraction (EF) was calculated using the formula: EF 
= EDC - ESC/EDC, where EDC = left ventricular counts at 
end-diastole and ESC - left ventricular counts at end-systole. 
This technique has been validated and shown to be highly 
reproducible at rest and during exercise in our labora- 
tory.123 

The lowest ejection fraction at rest obtained in our labo- 
ratory for a normal person has been 0.53.1415 We therefore 
selected an ejection fraction of less than 0.50 to indicate left 
ventricular dysfunction at rest. The lowest percent change in 
ejection fraction (EF) from rest to maximal supine exercise 
([exercise EF — rest EF] + rest EF X 100) in normal subjects 
has been11percent. Therefore, we consider any percent change 
less than this to be consistent with exercise-induced ischemic 
left ventricular dysfunction.!^!^ 

Exercise training program: After the initial treadmill 
test, an exercise prescription was given with intensities ranging 
from 65 to 85 percent of the estimated maximal oxygen con- 
sumption. Exercise sessions were conducted on Monday, 
Wednesday and Friday in an electrocardiographic monitored 
class. The classes consisted of 10 minutes of warm-up, six 5 
minute exercise periods on various aerobic exercise devices 
separated by 2 minute rest intervals, and cool-down activities 
conducted for an additional 10 minutes. The training activities 
included treadmill walking, bicycle pedaling, use of an arm 
ergometers, step climbing, rowing and light lifting. 

After completion of monitored training sessions, usually 
after 3 months, patients were graduated to a walk-jog program 
either outdoors or in a hospital gymnasium. Warm-up and 
cool-down activities were similar to those used in the moni- 
tored classes. However, aerobic conditioning was accom- 
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Clinical History Before Entering Study 


MI 3 months prior, history of angina 

MI 2 years prior, atypical chest pain 

History of angina, abnormal coronary angiography 

MI 4 months prior, abnormal coronary angiography, history of angina 
Coronary bypass surgery 7 months prior 

MI 7 years prior, abnormal coronary angiography 

Mild MI 6 months prior 

Markedly abnormal exercise ECG test and risk factors 
Abnormal coronary angiography, MI 8 months prior 
Small MI 6 years prior, abnormal coronary angiography 
MI 1 year prior 

Angina, MI 4 years prior 

MI 4 years prior 

MI 4 months prior 

Coronary bypass surgery 4 months prior 

Coronary bypass surgery 5 months prior 

Coronary bypass surgery 5 months prior 

MI 5 months prior, angina 

MI 1 year prior 
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FIGURE 1. Ejection fraction (EF) at rest, at matched submaximal (Sub) 
work load and at maximal (Max) exercise before (Pre) and after (Post) 
exercise training. 


plished by 30 minutes of continuous walking or jogging, or 
both. Periodic electrocardiographic, blood pressure and 
symptomatic assessments were conducted to detect possible 
contraindications to exercise and to reassess the exercise 
prescription. No medical complications were observed in any 
of our patients. | 

This study was approved by the University of California, 
San Diego Human Subjects Committee and informed consent 
was obtained from each patient before any procedures were 
performed. Statistical testing was done using paired t tests. 


TABLE Il 


Results 


Resting data (Table II, Fig. 1): There was no change 
in the mean ejection fraction at rest after exercise 
training (0.57 + 0.13 before training versus 0.55 + 0.15 
after training). Of the 19 patients studied, 13 had < 
normal ejection fraction at rest (0.50 or greater) and € 
had an abnormal ejection fraction at rest. Ejectior 
fractions at rest ranged widely, from a low of 0.31 to 8 
high of 0.81. After training, an abnormal ejection frac- 
tion reverted to normal in only one patient and a norma 
value became abnormal in two patients. 

Submaximal exercise data: Scintillation data at 
matched submaximal work loads were obtained in 1€ 
of the 19 patients before and after exercise training 
(Tables II and III). We were unable to obtain data at 
submaximal work loads in three patients because o! 
technical problems. There was no significant difference 
in the mean submaximal rate-pressure product (product 
of systolic blood pressure and heart rate) attained 
during the submaximal work load before and after 
training (164 + 27 X 10? versus 164 + 33 X 102). The 
submaximal systolic blood pressure could not be accu- 
rately recorded in one patient before training. The 
ejection fraction response to these matched submaximal 
work loads is shown in Table II and Figure 1. After 
training, there was a significant increase in the mean 
submaximal ejection fraction (0.55 + 0.12 before versus 
0.59 + 0.13 after training). Among the 16 patients 
evaluated at matched submaximal work loads, the 
ejection fraction increased by 0.04 or more in 8, de- 
creased in 1 and remained unchanged in 7 after exercise 
training. 

Maximal supine bicycle exercise data: The 19 
patients demonstrated no significant increase in mean 
heart rate after exercise training (Table III). However, 
maximal systolic blood pressure (174 + 25 before versus 


Ejection Fractions Measured Using Radionuclide Ventriculography at Rest and During Supine Bicycle Exercise Before (pre) 


and After (post) Exercise Training 


Resting EF Submaximal EF 
Case Pre Post Pre Post 
1 0.39 0.48 0.46 0.53 
2 0.57 0.49 0.57 0.62 
3 0.77 0.63 0.65 0.79 
4 0.48 0.50 0.51 0.52 
5 0.55 0.46 0.44 0.49 
6 0.60 0.50 0.57 0.57 
7 0.63 0.61 0.70 0.71 
8 0.73 0.61 — — 
9 0.70 0.68 0.61 0.68 
10 0.66 0.68 0.67 0.65 
11 0.40 0.31 0.41 0.38 
12 0.48 0.46 0.40 0.39 
13 0.63 0.78 -— — 
14 0.41 0.37 — — 
15 0.75 0.54 0.64 0.53 
16 0.58 0.64 0.57 0.72 
17 0.50 0.58 0.60 0.69 
18 0.71 0.81 0.65 0.68 
19 0.37 0.38 0.29 0.42 
Mean 0.57 0.55 0.55 0.59 
+SD 0.13 0.13 0.12 0.13 
p NS | «0.05 


Maximal EF 96 A EF 
Pre Post Pre Post 
0.46 0.48 +18 0 
0.51 0.57 —10 16 
0.70 0.82 —10 30 
0.51 0.51 +6 +2 
0.45 0.55 —18 +14 
0.52 0.54 —13 +8 
0.75 0.68 +19 +11 
0.53 0.71 —23 16 
0.80 0.79 +14 +16 
0.54 0.43 —18 —97 
0.42 0.30 T5 =—$3 
0.48 0.30 —2 —40 
0.60 0.75 —5 —4 
0.44 0.44 0 +19 
0.76 0.57 0 +5 
0.62 0.72 +7 +13 
0.54 0.65 +8 12 
0.65 0.60 —8 —24 
0.32 0.31 —14 —18 
0.56 0.56 —2.3 2.5 
0.13 0.16 13 19 
NS NS 


EF = ejection fraction; NS = not significant; p = probability; SD = standard deviation; % AEF = mean percent change in ejection fraction. 


772 


November 1980 The American .lnurnal af CARNINI AAV 


Val... 


Ae 


maa 


184 + 24 after training) and rate-pressure product (223 
+ 57 X 10? before versus 246 + 69 X 10? after training) 
were significantly increased after training. In addition, 
the patients attained a greater mean maximal work load 
after the training program (661 + 172 kpm before versus 
768 + 229 kpm after training). In 13 patients the peak 
work load increased after training; in 5 it remained 
unchanged and in only 1 it decreased. 

The mean maximal ejection fraction did not change 
after exercise training (0.56 + 0.13 before versus 0.56 + 
0.16 after training) at the higher mean rate pressure 
product and work load (Tables II and III). Maximal 
ejection fraction increased by 0.04 or more in seven, 
decreased in six and did not change in six after exercise 
training. 

Change in ejection fraction from rest to maximal 
exercise: The increase in the mean percent change in 
ejection fraction from rest to maximal supine bicycle 
exercise was also not significant (—2.3 + 13 percent 
before versus 2.5 + 19 percent after training) (Fig. 2, 
Table II). In 11 patients the percent change in ejection 
fraction increased and in 8 it decreased after exercise 
training. However, if a normal response to supine bicycle 
exercise was considered to be a percent change of 10 
percent or more, the ejection fraction response to supine 
bicycle exercise after exercise training normalized in 7 
patients, remained unchanged in 11 and became ab- 
normal in only 1. All seven patients whose ejection 
fraction response normalized showed an increase in 
absolute maximal ejection fraction after training, but 
some of them also showed a decrease in ejection fraction 
at rest. Among the 12 patients whose ejection fraction 
response did not normalize (there was no change in 11 
and in 1 the response became abnormal after training), 


TABLE Ili 





PERCENT CHANGE 





Post 
Training 


Pre 
Training 


FIGURE 2. Percent change in ejection fraction from rest to peak ex- 
ercise before (Pre) and after (Post) exercise training. 


10 attained either a greater rate-pressure product or a 
greater maximal work load after training. Seven of these 
10 patients attained both higher values for both rate- 
pressure product and work load after training. 
Treadmill test data (Table IV): The training effect 
of the exercise program was evaluated by comparing 
mean heart rate, systolic blood pressure, rate-pressure 
product and estimated maximal oxygen consumption 
with treadmill tests performed before and after the 
training program. À training effect was demonstrated 
by a significant increase in mean estimated maximal 
oxygen consumption (31 + 8 before versus 37 + 9 cc/ 


Maximal Work Loads, Heart Rate (HR), Systolic Blood Pressure and Rate-Pressure Product in Response to Supine Bicycle 


Exercise Before (pre) and After (post) Exercise Training 


Maximal Work Load (kpm) Maximal HR 
Case Pre Post Pre Post 
1 400 600 110 119 
2 600 800 120 125 
3 600 600 108 105 
4 500 600 85 88 
5 400 500 107 103 
6 600 400 125 115 
7 800 1200 170 166 
8 800 800 160 142 
9 600 600 125 114 
10 800 1000 131 150 
11 600 800 135 174 
12 400 400 97 94 
13 750 900 135 132 
14 900 1000 127 162 
15 700 900 126 148 
16 500 600 102 112 
17 800 1000 145 140 
18 900 900 152 145 
19 900 1000 155 170 
Mean 661 768 127 132 
+SD 172 229 23 26 
p <0.005 NS 


Maximal SBP Maximal RPP Submaximal RPP * 
Pre Post Pre Post Pre Post 
148 156 163 186 158 153 
180 196 216 245 155 168 
185 200 200 210 — 342 
150 148 128 130 128 111 
150 156 161 161 140 132 
164 172 205 198 179 198 
180 210 306 349 173 176 
182 176 291 250 — — 
186 170 233 194 188 146 
220 230 288 345 181 171 
188 205 254 357 176 205 
120 165 116 155 110 139 
175 160 236 211 — — 
190 180 241 292 — — 
140 170 176 252 145 143 
200 230 204 258 155 139 
215 185 312 259 212 154 
165 190 251 276 198 221 
165 200 256 340 173 215 
174 184 223 246 164 164 

25 24 57 69 27 33 
p <0.05 p <0.05 NS 


* Values for submaximal rate-pressure product (RPP) are at matched work loads. 
RPP = rate-pressure product (RPP = HR X SBP X 107); SBP = systolic blood pressure. 
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TABLE IV 


Demonstration of Training Effect by Comparison of Estimated Maximal Oxygen Consumption, Heart Rate, Systolic Blood 
Pressure and Rate-Pressure Product at a Submaximal Work Load of 3.3 Miles/Hour at 5 Percent Grade 


Est. VO max 

(cc/kg-min) Submax RPP (X 102) 
Case Pre Post Pre Post 
1 24 30 156 143 
2 28 44 180 157 
3 28 28 166 158 
4 34 38 123 123 
5 20 28 200 180 
6 30 36 174 188 
7 64 54 253 166 
8 44 40 — 150 
9 30 28 — — 
10 30 30 260 152 
11 28 44 156 188 
12 22 20 137 130 
13 20 36 — 180 
14 36 38 157 169 
15 36 44 182 174 
16 28 36 269 195 
17 44 44 205 161 
18 28 34 238 205 
19 44 52 185 147 
Mean 31 37 190 165 
+SD 8 9 44 23 

p p «0.001 «0.05 


Submax HR Submax SBP 
Pre Post Pre Post 
120 110 130 130 
120 108 150 145 
107 100 155 158 

88 88 140 140 
119 120 168 150 
129 125 135 150 
136 120 186 138 
108 100 — 150 
130 98 200 155 
120 125 130 150 
105 100 130 130 
— 100 147 180 
131 126 120 134 
130 120 140 145 
125 93 215 210 
130 115 158 140 
140 130 170 158 
122 115 152 128 
121 111 154 150 
13 13 26 20 
«0.001 NS 


Est. VO? max = estimated maximal oxygen consumption; Submax = submaximal; other abbreviations as in Table III. 


kg-min after training), a lower mean rate pressure 
product (190 + 44 X 10? before versus 165 + 23 X 10? 
after training) and a lower mean heart rate (121 + 13 
before versus 111 + 13 after training) at a matched 
submaximal treadmill speed and grade. 


Discussion 


Experimental documentation of cardiac effects 
of exercise training: Animal studies!®!” have provided 
strong evidence supporting the hypothesis that left 
ventricular function can be improved with exercise 
training. Bersohn and Scheuer!? studied the effects of 
long-term exercise on the rat heart. Exercised rats and 
control rats were killed and their hearts perfused under 
aerobic and ischemic conditions. Coronary blood flow 
was reduced by 40 percent to produce ischemia, and 
measurements were made in both trained and untrained 
rat hearts at equivalent levels of myocardial oxygen 
consumption. Increased left ventricular pressure, a 30 
percent greater stroke volume, prolonged diastole and 
faster relaxation were reported for hearts of exercise- 
trained rats during ischemic conditions. Under normal 
conditions, the trained rat hearts exhibited a longer 
diastolic phase and faster relaxation than did the un- 
trained rat hearts. In another study,!? these investiga- 
tors demonstrated enhanced ejection fraction, cir- 
cumferential fiber work, cardiac output and stroke work 
in trained rats. Improved myocardial contractility has 
also been shown”? to occur in dogs after exercise training 
by plotting the first derivative of ventricular pressure 
(dP/dt) as a function of heart rate. Although not all 
animal studies have found augmented left ventricular 
function after exercise training,?! most studies have 
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shown that on a long-term basis exercised young ani 
mals demonstrate enhanced cardiac function. 
Echocardiographic assessment of effects of ex- 
ercise training: Echocardiography has been used tc 
assess the effects of training on chamber size, left ven. 
tricular wall thickness and resting left ventricula) 
function in human subjects. Longitudinal studie: 
comparing echocardiographic measurements made 
before and after training have yielded conflicting re. 
sults. Ehsani et al.?? reported a rapid increase in lef: 
ventricular volume and mass in healthy young adult; 
after a swimming program. These dimensional change: 
occurred in less than 5 weeks, but no changes were founc 
in the ejection fraction at rest. DeMaria et al.?? founc 
similar results including increases in left ventriculai 
end-diastolic dimension, stroke volume and shortenin; 
fraction after exercise training in 24 healthy adults 
Using radionuclide ventriculography, Sheps et al.” 
found in six normal men an increase in ejection fractior 
at rest at the same basal heart rate after training. Steir 
et al. were the only investigators to study training: 
induced changes in ejection fraction during semisupine 
exercise using echocardiography and found that ejectior 
fraction increased in healthy college students after ar 
exercise program. Wolfe et al.?6 studied middle-agec 
men and found a moderate increase in stroke volume a: 
rest due to an increase in end-diastolic dimension sec 
ondary to a longer ventricular filling time. However 
they found no change in left ventricular structure o1 
resting contractile state. Other investigators??? have 
also been unable to document morphologic or functiona! 
changes. Most echocardiographic studies?9-3? compar. 
ing athletes with sedentary subjects have found n« 
significant difference in left ventricular function at rest 


The inconsistencies in these studies demonstrate the 
difficulty in finding changes in ventricular function or 
dimensions after exercise training. This is particularly 
the case in older subjects and when using low levels of 
training. 

Other clinical physiologic studies in exercise 
training: A controlled study examining cardiovascular 
adjustments accompanying exercise training in patients 
after myocardial infarction was recently conducted by 
Paterson et al.?? These investigators randomly assigned 
79 patients to an exercise group of either high or low 
intensity and followed them up for 1 year. During ex- 
ercise testing, they found an augmented arteriovenous 
oxygen difference at 6 months and an increase in stroke 
volume at 12 months in the high intensity group only. 
The early study of Frick*4 also found improved exercise 
stroke volume in patients undergoing exercise training. 
The increased exercise stroke volume in these two 
studies suggests cardiac adaptations to long-term ex- 
ercise and illustrates the importance of evaluating 
changes during exertion rather than at rest. 

Data obtained during cardiac catheterization using 
contrast ventriculography®® have shown no change in 
left ventricular regional or global function at rest in 
patients with coronary artery disease before and after 
exercise training. These angiographic studies have used 
left ventricular ejection fraction as the best means of 
evaluating the contractile performance of the heart at 
rest. Such studies are difficult to perform during exer- 
cise because of technical difficulties in adequately 
opacifying the ventricular cavity. 

Left ventricular function after training studied 
with radionuclide angiography: The use of radio- 
nuclide ventriculography made it possible to assess 
noninvasively the response of left ventricular ejection 
fraction not only at rest but also during exercise in our 
19 patients. Consistent with previous results utilizing 
cardiac catheterization,®* no significant change in mean 
resting ejection fraction was found in our patients after 
training. When radionuclide ventriculography was used 
in patients before and after coronary arterial bypass 
grafting, ejection fraction at rest was not changed.?? 

The contractile state of the heart during equivalent 
submaximal exercise was assessed in 16 of our 19 pa- 
tients who performed the same submaximal work load 
during supine bicycle exercise before and after training. 
There was a significant increase in submaximal ejection 
fraction after training. This occurred at the same level 
of myocardial oxygen demand, as reflected by rate- 
pressure product,?6 and at the same bicycle work load. 
Submaximal ejection fraction before and after training 
has not previously been studied. However, in patients 
who had clinical improvement after coronary arterial 
bypass grafting, Kent et al.?? demonstrated increased 
ejection fraction and fewer exercise-induced wall motion 
abnormalities at the same work load as that performed 
preoperatively. 

There was no reduction in heart rate or systolic blood 
pressure at matched submaximal supine bicycle work 
loads after training. These findings could be due either 
to the specificity of training (because patients were 
tested in the supine position but were exercised in the 
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erect position only) or to positional ventricular volume 
differences. 

Mean ejection fraction obtained at maximal exercise 
showed no change after exercise training. An increase 
in ejection fraction at maximal work load was inhibited 
by the greater myocardial oxygen demand reflected by 
the higher maximal rate-pressure product and work 
load attained after training. There was also no signifi- 
cant increase in the mean percent change in ejection 
fraction from rest to maximal exercise after training. 
However, in seven of our patients this ejection fraction 
response normalized and in only one did it become ab- 
normal after the exercise training program. We were 
careful to eliminate from the investigation patients who 
were initially studied less than 3 months after myocar- 
dial infarction as well as those who had mitral regurgi- 
tation or required medication that might affect the 
exercise tests. We have noticed spontaneous improve- 
ment in ejection fraction in patients as they recover 
from a myocardial infarction or while they are taking 
nitroglycerin or propranolol, or both.?7:55 

Correlation with clinical state: Our study group 
is heterogeneous because of the small number of con- 
secutive patients studied and the types of patients that 
present to an outpatient exercise program. For this 
reason we were unable to detect trends in the data re- 
lating the ejection fraction responses to clinical infor- 
mation or other exercise test responses. Attempts at 
multivariate analysis resulted in too few subjects in each 
classification to make meaningful conclusions. 

Four patients joined our program after coronary by- 
pass grafting. There was no significant change in their 
mean (0.57 before versus 0.55 after training) ejection 
fraction or peak (0.59 before versus 0.62 after training) 
exercise ejection fraction at rest, but three of the four 
patients had an increase in submaximal ejection frac- 
tion. This change, together with an increase in estimated 
maximal oxygen consumption (32 cc O2/kg-min before 
versus 38 after training), support the conclusion of Ol- 
dridge et al.3? that exercise training can be beneficial to 
patients after coronary bypass surgery. Our observa- 
tions are also consistent with those of Paterson et al.,?? 
who were unable to correlate improved exercise stroke 
volume after training to initial or final clinical status. 
In addition, Lee et al.4° found no correlation between 
increased work capacity and left ventricular function 
after exercise training. 

Bruce et al.4! used invasive techniques before and 
after exercise training to study 10 patients with coronary 
disease. Although the condition of all was improved, 
some of the patients showed a definite decline in exer- 
cise cardiac output and stroke volume, a deterioration 
that could have been secondary to progression of disease 
or to their exercise program. This finding points out the 
need to develop noninvasive techniques to identify such 
patients. 

Rate-pressure product has been demonstrated to be 
an accurate estimate of myocardial oxygen demand 
during exercise. Because it is doubtful that there 
would be a decrease in end-diastolic volume after 
training in these patients, the ejection fraction response 
may reflect an adaptive increase in left ventricular 
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contractility at the same or a greater myocardial oxygen 
consumption, improvement in myocardial microcircu- 
lation or reduced coronary flow requirements. There- 
fore, it appears that, like peripheral muscle, cardiac 
muscle may become more efficient after training. Future 
exercise training studies need to include measurement 
of left ventricular volume*? and other measures of 
ventricular contractility^? and to include assessment of 
myocardial perfusion.4445 

Clinical implications: Concomitant with the pe- 
ripheral adaptations demonstrated in patients with 
coronary artery disease responding to exercise training, 
selected patients may also demonstrate augmented left 
ventricular function during exercise. However, re- 


ports^^4» have emphasized the importance of consid- 
ering spontaneous improvement in function after a 
myocardial infarction. For this reason, randomized 
larger studies considering left ventricular function and 
perfusion, exercise capacity, severity of disease and 
clinical status are needed to document our preliminary 
findings and to assess which patients respond most fa- 
vorably to exercise training as a mode of therapy. Per- 
haps even those who are likely to have an adverse he- 
modynamic response can be identified. Currently at this 
institution such a study, called PERFEXT (an acronym 
for perfusion and performance exercise trial), is being 
sponsored by the National Institutes of Health, Be- 
thesda, Maryland. 
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Exercise electrocardiography was performed in 100 asymptomatic male 
volunteers with a mean age of 42.6 years. The R wave and total RS am- 
plitude and the magnitude of physiologic S-T segment depression at the 
J junction were quantitated for a modified bipolar CC; lead and a vertically 
oriented bipolar lead (VL) using computer-averaged groups of 25 con- 
secutive QRS complexes from each of seven stages of rest and exercise. 
Computer-generated X-Y plots were used to examine the correlations 
between the magnitude of S-T depression and the R wave and total RS 
amplitudes. The magnitude of S-T depression and of the R wave amplitude 
were unrelated at standing rest but showed increasing correlation with 
progressive increases in exercise heart rate (correlation coefficient — 
0.425, p «0.00001 at maximal exercise). The total RS amplitude was also 
related to the magnitude of S-T depression during exercise, but the cor- 
relations did not improve progressively with increases in exercise heart 
rate. The magnitude of S-T depression was more closely related to R wave 
amplitude and total RS amplitude in the vertically oriented lead than in 
the CC; lead. 

These data demonstrate a significant relation between the magnitude 
of R wave and total RS amplitudes and the magnitude of physiologic S-T 
segment depression in normal subjects during exercise. They suggest the 
need for evaluation of S-T depression corrected for R wave amplitude in 
an attempt to improve the diagnostic accuracy of the exercise electro- 
cardiogram. The data also suggest that the criteria for abnormal S-T de- 
pression should take into consideration the different R wave voltages 
reflected by different types of recording leads. 


The clinical utility of the diagnostic exercise electrocardiogram is fun- 
damentally based on changes that occur in the S- T segment in response 
to increasing work loads and heart rates. The depth of S- T segment 
depression is one of the measurements used to identify patients with 
clinically significant coronary artery disease. In normal subjects some 
degree of depression is usually seen in the early portions of the S-T 
segment during exercise, and the clinical differentiation between a 
normal and an abnormal response largely depends on the magnitude and 
contour of the S-T depression. The mechanisms and correlates of 
physiologic S-T depression in normal subjects have not been clearly 
established. The purpose of this study was to determine whether a 
relation exists between the electrocardiographic R wave amplitude and 
the degree of exercise-induced S- T segment depression during exercise 
in normal subjects. 


Methods 


Study subjects: The study group consisted of 100 asymptomatic and pre- 
sumably healthy male members of the Indiana State Police Force. The mean 
age was 42.6 years (range 32 to 55). No study subject was receiving antiar- 
rhythmic drugs, propranolol or a digitalis glycoside, and none had diastolic blood 
pressure of 90 mm Hg or more at rest. All subjects had a normal 12 lead elec- 
trocardiogram at rest and none demonstrated S-T segment depression on the 
bipolar monitor leads before exercise. 
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Exercise test protocol: Treadmill exercise was performed 
with use of a modified Balke protocol.! The exercise electro- 
cardiogram was continuously monitored using a modified 
bipolar CC; lead and a vertically oriented bipolar lead (VL) 
that simulates lead II of the standard electrocardiogram. 
Placement of the exploring electrode for the modified CC; lead 
varied from the V, to Vg position in any given subject so as to 
obtain a maximal R wave amplitude. However, care was taken 
to choose an electrode position that also yielded a complex 
with a small S wave.! The exploring electrode for the bipolar 
vertical lead was placed at the lower left costal margin in the 
mid axillary line and the corresponding negative electrode was 
placed on the forehead. All exercise tests were performed 
under the direct supervision of a physician and were termi- 
nated when the subjects reached their symptom-limited work 
load. No subject experienced chest pain. The maximal heart 
rates achieved ranged from 142 to 214 beats/min; the mean 
maximal heart rate was 177.5 beats/min. All but one subject 
achieved greater than 85 percent of his age-predicted maximal 
heart rate. 

Analysis of exercise test data: The exercise electrocar- 
diogram was continuously recorded on magnetic tape using 
a Hewlett-Packard 3964A recorder. A time code was simul- 
taneously generated and recorded on one channel of the tape 
recorder so that selected intervals of the electrocardiographic 
data could be subsequently located for computer averaging.! 
For this study 25 consecutive QRS complexes were selected 
from the period of standing rest, from two submaximal exer- 
cise periods (heart rates approximately 120 and 140 beats/min, 
respectively), from maximal exercise, from the onset of re- 
covery and from the 3 and 6 minute recovery periods. The 
analog data were converted to a digital format at a frequency 
of 500 samples/s and a Data General Corporation Nova 2-10 
computer was used for computer-averaging of the QRS com- 
plex.! The computer was programmed to locate the peak of 
the R wave of the averaged QRS complex, and an isoelectric 
interval was then identified within the 35 data points (70 ms) 
preceding that peak. The isoelectric interval, defined as the 
10 ms interval with the least slope, served as the baseline for 
computation of the R wave amplitude in millivolts (Fig. 1). 
The 10 ms interval in the S- T segment starting at 60 ms be- 
yond the peak of the R wave was used to compute the S-T level 
in millivolts relative to the isoelectric interval. The nadir of 
the S wave was identified as the most negative point in the 
averaged QRS complex occurring within a 40 ms interval after 
the peak of the R wave, and the total RS amplitude was 
computed in millivolts using this point and the R wave peak 
(Fig. 1). 

Six patients had significant widening of the QRS complex 
during exercise that resulted in erroneous computer local- 
ization of the S- T segment interval within the terminal QRS 
complex. These six subjects, identified through the plots of 
the averaged QRS complexes, were omitted from the study. 

Statistical analysis: The relation of R wave amplitude to 
the magnitude of computer-averaged S- T segment depression 
was then graphically plotted for the study group of 94 subjects 
for each of the seven stages of rest, exercise and recovery. 
Figure 2 shows a representative plot of physiologic S- T de- 
pression versus R wave amplitude recorded in the vertical lead 
during maximal exercise. A correlation coefficient (r value) 
was computed for each plot, and the significance of the rela- 
tion between the R wave amplitude and the magnitude of S-T 
depression for each stage of exercise was assessed using the 
test for significance of correlation coefficients. Similar plots 
and data analyses were generated correlating the total RS 
amplitude to the magnitude of S- T depression for each stage 
of exercise. 
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Results 


Correlation of R wave amplitude and S-T de- 
pression (Table I): Figure 3 shows a series of correla- 
tion coefficients (r) relating the electrocardiographic R 
wave amplitude to the magnitude of S- T segment de- 
pression in the two recorded leads at various stages of 
rest and exercise. At standing rest, the correlation 
coefficient between R wave amplitude and the magni- 
tude of S-T depression was small and not statistically 
significant in either lead. With exercise, a statistically 
significant relation existed for all stages of exercise and 
recovery between the R wave amplitude and the mag- 
nitude of S- T depression in both leads. In the CC; lead 
the relation became significant at a heart rate of 120 
beats/min and the r value increased progressively with 
increasing heart rates, reaching 0.425 at maximal ex- 
ercise. The relation between R wave amplitude and S-T 
depression in the CC; lead during maximal exercise was 
described by a slope of —0.36 and an intercept of 1.3. 
The significant relation between these variables in lead 
CC; continued during the 3 and 6 minute recovery pe- 
riods. In the vertically oriented lead there was a signif- 
icant correlation between the two variables at an exer- 
cise heart rate of 120 beats/min (Fig. 3). This correlation 
increased with progressive exercise, the r value be- 
coming 0.564 at maximal exercise (slope —0.57, inter- 
cept 2.1). Correlation coefficients during all stages of 
exercise and recovery periods were statistically signif- 
icant (p «0.001). 
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FIGURE 1. Electrocardiographic QRS as derived by computer-averaging 
of 25 complexes. Sample reference points for the calculation of 
electrocardiographic wave amplitudes are demonstrated. MS = milli- 
seconds; MV = millivolts; PQ = 10 ms isoelectric interval; R = peak 
of R wave; S = nadir of S wave; ST = 10 ms interval for measurement 
of S-T level. 
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STAGE 4 


RP WAVE AMPLITUDE (mV) 


-2.19 -19l6 -1642 -1368 -1094 -0820 -0546 -0272 +0002 +0276 +0550 


S-T SEGMENT AMPLITUDE (mV) 


Correlation of total RS amplitude and S-T de- 
pression (Table I): Figure 4 illustrates a series of cor- 
relation coefficients for the different stages of rest and 
exercise correlating the total RS amplitude with the 
magnitude of S- T segment depression. At standing rest 
there was no significant relation between the RS am- 
plitude and the magnitude of S- T depression in the CC; 
lead. A weak relation was present in the vertical lead (r 
= 0.179, p <0.05) at standing rest. With exercise, the 
S-T depression was significantly related to the RS 
amplitude in both leads at all stages of exercise and 
recovery. Unlike the correlation of R wave amplitude 
to S-T depression, the relation between the total RS 
amplitude and the magnitude of S-T depression did not 
increase progressively as the exercise heart rate in- 
creased. 


TABLE | 





FIGURE 2. Scattergram demonstrating the magnitude c 
physiologic S-T segment depression versus the magni 
tude of R wave amplitude in the vertical lead durin 
maximal exercise (stage 4) 


Discussion 


S- T segment depression during exercise in nor. 
mal subjects: The major variable of measurement ir 
diagnostic exercise electrocardiography is the magni 
tude of depression of the S- T segment. However, S-'T 
depression also occurs in normal subjects during exer. 
cise,” a finding that often limits the diagnostic speci: 
ficity of the exercise electrocardiogram. The problen 
of S-T depression in normal subjects is generally ap 
proached by considering the slope or rate of rise of the 
S-T segment. The S-T depression observed in norma 
subjects during exercise is thought to be in part due t« 
an increase in the magnitude of the atrial repolarizatior 
wave (Ta wave)? combined with shortening of the QRS 
interval,‘ and the J point and initial portion of the S-'1 
segment are primarily altered. These physiologic al 


Mean Values (mV) of R Wave Amplitude, RS Amplitude and S-T Segment Depression During Seven Stages of Rest, Exercise 


and Recovery in 94 Subjects 
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Submaximal Heart Rate 


Standing 120 Beats/ 
Rest Min 

CC5 lead 

Mean R wave amplitude 1.88 1.90 

Mean RS amplitude 2.26 2.39 

Mean S-T depression 0.25 —0.35 
Vertical lead 

Mean R wave amplitude 1.43 1.41 

Mean RS amplitude 1.61 1.69 

Mean S-T depression 0.39 —0.31 


* Mean 178 beats/min. 


Maximal Recovery 

140 Beats/ Exercise —— P P—— n re 
Min Heart Rate* Immediate 3 Min 6 Min 
1.85 1.62 1.43 1.82 1.82 
2.42 2.37 2.25 2.42 2.35 
—0.71 —0.78 — 34 —0.28 —0.34 
1.41 1.27 1.16 1.56 1.56 
1.73 1.68 1.60 1.87 1.83 

—0.74 —0.85 — 53 —0.24 


—0.28 


780 Novemher 1QRN Tha Amaricran lnurnal af CADNINI AAV Valima AC 


terations result in upsloping S-T depression that can 
usually be differentiated from the more horizontal or 
even downsloping S-T depression of exercise-induced 
myocardial ischemia. Consideration of the S-T segment 
slope has proved useful in the clinical interpretation of 
S-T depression, but the occurrence of depressed S-T 
segments in normal subjects remains a problem, espe- 
cially when one attempts to apply slow upsloping S-T 
segment criteria.^6 Further understanding of the elec- 
trocardiographic correlates of exercise-induced S-T 
depression in normal subjects may prove helpful in 
separating normal from abnormal S-T segment re- 
sponses. 

Correlation of R wave amplitude and magnitude 
of S-T depression during exercise in normal 
subjects: Blackburn et al.’ found no significant corre- 
lation between the amplitude of the R wave (lead CMs) 
and the magnitude of S-T segment depression at rest 
in patients with heart disease. Our study found a similar 
lack of correlation between these two in normal subjects 
at rest, although there was a direct relation between the 
magnitude of S-T depression and the amplitude of the 
R wave during exercise in these subjects. The correla- 
tion between R wave amplitude and the magnitude of 
S-T depression increased progressively with increasing 
heart rates up through maximal exercise. When the total 
RS amplitude was compared with the magnitude of S-T 
depression for each stage of exercise, a lesser correlation 
was observed, and the correlation was not enhanced as 
the heart rate during exercise increased. The depth of 
the S wave progressively increases during increasing 
levels of exercise in normal subjects??? (Table I), and it 
is possible that the relation between the S wave and the 
S-T segment vectors is the reverse of that of the R wave 
and these vectors. 

Other factors influencing magnitude of S-T de- 
pression during exercise: Our study demonstrates 
that the magnitude of the S-T segment depression 
during exercise is related to the R wave amplitude in 
normal subjects. However, the correlation coefficients 
are relatively weak and other independent factors ob- 
viously influence the depth of S-T depression. One 
factor that may limit the correlation between R wave 
amplitude and S-T depression is the decrease in R wave 
amplitude that occurs in normal subjects during exer- 
cise.9-19 The greatest decrease in R wave amplitude 
occurs at or near maximal exercise at a time when the 
S-T depression is greatest (Table I). The correlation 
coefficients could also have been adversely influenced 
by our computer quantitation program, which uses a 
fixed 10 ms interval starting at 60 ms after the peak of 
the R wave to compute S-T depression. As the QRS 
complex narrows in response to exercise,‘ this interval 
will be displaced further into the S- T segment; de- 
pending on the rate of rise or slope of the S- T segment, 
the computed S- T depression may be significantly less 
than the value that would be obtained if all measure- 
ments were made in the same area of the proximal S-T 
segment. 

Role of different electrocardiographic lead sys- 
tems: In our study the R wave and the S- T segment 
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FIGURE 3. Correlation coefficients relating R wave amplitude to the 
magnitude of S-T segment depression at different stages of exercise. 
IMMED. — immediate; MAX. — maximal; n.s. — not significant; p — 
probability. 


were more closely related in the vertical lead than in the 
modified CC; lead. A more vertically oriented bipolar 
V5 lead such as CMs might also demonstrate a closer 
relation between the R wave amplitude and the mag- 
nitude of S-T segment depression than lead CC; be- 
cause the R wave amplitude is taller in lead CM;.!! 
Computer quantitation studies by Froelicher et al.!! 


60 
p<.0000! 


p<.0000! 





SO p <.0000! 


40 


@— Leod CC5 
O— Vertical Lead 


CORRELATION COEFFICIENT (r) 
O4 
O 
^ 
o 
9 


FIGURE 4. Correlation coefficients relating R wave amplitude plus S 
wave depth to the magnitude of S-T segment depression at different 
stages of exercise. Abbreviations as in Figure 3. 
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found that the magnitude of'S-T depression was greater 
in lead CM; than in leads V5 or CC; in the postexercise 
period in patients with abnormal S-T segment re- 
sponses to exercise. They suggested that different cri- 
teria may have to be defined for different electrocar- 
diographic leads if repolarization changes in these leads 
are to have comparable diagnostic significance. 
Implications: By demonstrating a significant rela- 
tion between the amplitude of the R wave and the 


magnitude of physiologic S-T segment depression 
during exercise, our study raises the possibility that the 
sensitivity and specificity of the exercise electrocardi- 
ogram can be improved by correcting the amount of S-T 
depression for the magnitude of R wave amplitude. The 
study also suggests the need to modify the criteria for 
abnormal S-T depression depending on the type of lead 
system used and the magnitude of the R wave reflected 
in that lead. 
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extended clinical studies, the efficacy of Corgard — average number of anginal attacks per week in 
as demonstrated by a decreased rate of anginal 115 patients with angina, from 13.6 pretherapy — 
attacks and an increase in exercise tolerance — to 6.4 at the end of 14 weeksof therapy, a mean. 
was maintained.! decrease of 59%.'* In 19% of the 115 patients, - 


anginal attacks were completely eliminated. And 
the long Half-life (20,06 24 hours) makes Corgard 
the once-a-day beta-blocker promoting prp | 
compliance. 


1In the data presented above, dosages were individually titrated to achieve 
PPR response. Maintenance dosages ranged from 40 to 240 mg Corgard 
uy. 
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Improvement in exercise tolerance maintained 
during long-term therapy with Corgard'*+ 


Effective control of angina pectoris 
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Nadolol Tablets 

DESCRIPTION: Corgard (nadolol) is a synthetic nonselective beta-adrenergic receptor 
locking agent. 

CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first 
legree conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vital component sup- 
»orting circulatory function in congestive heart failure, and its inhibition by beta- 
;xlockade may precipitate more severe failure. Although beta-blockers should be avoided 
n overt congestive heart failure, if necessary, they can be used with caution in patients 
with a history of failure who are well-compensated, usually with digitalis and diuretics. 
3eta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 
nuscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued 
ise of beta-blockers can, in some cases, lead to cardiac failure; therefore, at first sign or 
symptom of heart failure, digitalize and/or give diuretics, and closely observe response, 
or discontinue nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 
have occurred after abrupt discontinuation of such therapy. When discontinuing chronic 
use of nadolol, particularly in patients with ischemic heart disease, gradually reduce 
dosage over a 1- to 2-week period and carefully monitor the patient. Reinstitute 
nadolol promptly (at least temporarily) and take other measures appropriate for 
management of unstable angina if angina markedly worsens or acute coronary in- 
sufficiency develops. Warn patients not to interrupt or discontinue therapy without 
physician’s advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even 
in patients treated only for hypertension. 


Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) — PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA- 
BLOCKERS. Administer nadolol with caution since it may block bronchodilation pro- 
duced by endogenous or exogenous catecholamine stimulation of beta; receptors. 

or Surgery — Because beta-blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
resulting in protracted hypotension or low cardiac output, it has generally been sug- 
gested that such therapy should be withdrawn several days prior to surgery. Recognition 
of the increased sensitivity to catecholamines of patients recently withdrawn from beta- 
blocker therapy, however, has made this recommendation controversial. If possible, 
withdraw beta-blockers well before surgery takes place. In emergency surgery, inform 
the anesthesiologist that the patient is on beta-blocker therapy. Use of beta-receptor 
agonists such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse the 
effects of nadolol. Difficulty in restarting and maintaining the heart beat has also been 
reported with beta-adrenergic receptor blocking agents. 

Diabetes and Hypoglycemia — Beta-adrenergic blockade may prevent the appearance 
of premonitory signs and symptoms (e.g., tachycardia and blood pressure changes) of 
acute hypoglycemia. This is especially important with labile diabetics. Beta-blockade also 
reduces release of insulin in response to hyperglycemia; therefore, it may be necessary to 
adjust dose of antidiabetic drugs. 

Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs (e.g., 
tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic 
blockade which might precipitate a thyroid storm, carefully manage patients suspected 
of developing thyrotoxicosis. 

PRECAUTIONS: Impaired Hepatic or Renal Function — Use nadolol with caution in 
presence of either of these conditions (see DOSAGE AND ADMINISTRATION sec- 
tion of package insert). 

Information for Patients — Warn patients, especially those with evidence of coronary 
artery insufficiency, against interruption or discontinuation of nadolol without physician's 
advice. Although cardiac failure rarely occurs in properly selected patients, advise 
patients being treated with beta-adrenergic blocking agents to consult physician at first 
sign or symptom of impending failure. 

Interactions — Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. When treating patients with 
nadolol plus a catecholamine-depleting agent, carefully observe for evidence of hypoten- 
sion and/or excessive bradycardia which may produce vertigo, syncope, or postural 


hypotension. 

Carcinogenesis, Mu Impairment of Fertility — In 1 to 2 years’ oral 
:oxicologic studies in mice, rats, and dogs, nadolol did not produce significant toxic 
affects. In 2-year oral carcinogenic studies in rats and mice, nadolol did not produce 
neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 

P — In animal reproduction studies with nadolol, evidence of embryo- and 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times 
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nadolol tablets 


40 mg, 80 mg, and 120 mg tablets 





greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic poten- 
tial was seen in any of these species. There are no well-controlled studies in pregnant 
women; therefore, use nadolol in pregnant women only if potential benefit justifies 
potential risk to the fetus. _ 

Nursing Mothers — It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, exercise caution when nadolol is administered to a 
nursing woman. Animal studies showed that nadolol is found in the milk of lactating rats. 

Pediatric Use — Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per minute occurs 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia 
were seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually 
of the Raynaud type, have occurred in approximately 2 of 100 patients. Cardiac failure, 
hypotension, and rhythm/conduction disturbances have each occurred in about 1 of 100 
patients. Single instances of first degree and third degree heart block have been reported; 
intensification of AV block is a known effect of beta-blockers (see also CONTRAIN- 
DICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous System — 
Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, sedation, 
and change in behavior reported in approximately 6 of 1000 patients. Respiratory — 
Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDICA- 
TIONS and WARNINGS). Gastrointestinal — Nausea, diarrhea, abdominal discom- 
fort, constipation, vomiting, indigestion, anorexia, bloating, and flatulence each 
reported in 1 to 5 of 1000 patients. us — Each of the following reported in | 
to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 
decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision. Although relationship to drug usage is not clear, sleep 
disturbances have been reported. The oculomucocutaneous syndrome associated with 
practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with other beta- 
adrenergic blocking agents have not been reported with nadolol, they should be considered 
potential adverse effects of nadolol. Central Nervous System — reversible mental depres- 
sion progressing to catatonia; visual disturbances; hallucinations; an acute reversible 
syndrome characterized by disorientation for time and place; short-term memory loss, 
emotional lability with slightly clouded sensorium; decreased performance on neuro- 
psychometrics. Gastrointestinal — mesenteric arterial thrombosis; ischemic colitis. 
Hematologic — agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. 
Allergic — fever combined with aching and sore throat; laryngospasm; respiratory distress. 
Miscellaneous — reversible alopecia; Peyronie's disease; erythematous rash. 
OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, employ the following measures as appropriate. In deter- 
mining duration of corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is no response 
to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been reported 
that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. (There is 
evidence that epinephrine may be the drug of choice.) 

à Bronchospasm — Administer a beta;-stimulating agent and/or a theophylline 
erivative. 


DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing 
of the heart rate; usual maintenance dose is 80 to 240 mg q.d. (most patients respond to | 
mg or less daily). If treatment is to be discontinued, reduce dosage gradually overa  * 
period of 1 to 2 weeks (see WARNINGS). 

For hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 80 to 320 mg q.d. (rarely, doses up to 640 mg may be needed). 

Patients with renal failure require adjustment in dosing interval — see package insert 
for dosage in these patients. 

For full prescribing information, consult package insert. 

HOW SUPPLIED: In scored tablets containing 40, 80, or 120 mg nadolol per tablet in 
bottles of 100 and 1000 tablets and in Unimatic® single-dose packs of 100 tablets. 


Reference: 
1. Data on file, Squibb Institute for Medical Research. 
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A new shape in cardiac pacing comes to life. 
Gamma Y 10 mm thin, 41 grams light. 
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OmoOvisioOn ISa 
New Dimension in 
uclear Imaging. 


omovision. As dramatic an 
dvance over current nuclear 
omography as tomography 
as over planar imaging. 
arge organ and area studies 
are now possible. And 
omovision gives you clearer 
images with more detail, 
fewer artifacts, and better 
contrast. How does it 
work? idis e secret i 


"M 


revolutionary Rotating Slant 
Hole Collimator. It works on 
Technicare's small field and 
large field gamma cameras. 
And gives you a field of view 
equal to the diameter of the 
collimator, beginning at the 
face of the 


"n 


i DUI 


Wii 


camera. 


So you can see more than 
ever before. And more clearly 
than ever before. 

So the role of nuclear medi- 
cine in research and diagnosis 
has suddenly expanded. Be- 
cause tomography is ready to 
augment the classic diagnostic 
procedures. Ready to become 
a routine diagnostic tool. 

All Tomovision equipment 
is manufactured by the 
Technicare Corporation. So 
we take care of it all. And 
we're building our one source 
reputation with a commitment 
to excellence. Excellence in 
training of our field service 
engineers. Excellence in pro- 
viding prompt, local service 


” throughout the nation. 
= Tomovision is your assurance 
that nuclear tomography will 


liver consistent, reliable 


- Take 


... performance for improved 


. dinical confidence. 


TECHNICARE 


Technicare Corporation 
29100 Aurora Road 
Solon, Ohio 44139 
(216) 248-1800 
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ROPRANOLOL HC) 





LONE Excessive exer- 


ns. Emotional upheavals. 
ixieties. Stress. Catechol- 
nines rise—atrial pace- 
3kers overrespond. 
id the ECG reads PAT. Or 
sistent sinus tachycardia, 
persistent atrial extra- 
stoles. Consider INDERAL 
ropranolol HCI) alone. 
yen conventional measures 
|, a low 10 to 30 mg dose, 
zen t.i.d. or q.i.d., will block 
irdiac beta-receptors from 
cessive catecholamine 
nulation, Suppress ectopic 
Icemakers. And permit 
sumption of normal sinus 
ythm. Even when normal 
us rhythm has not been 
stored, INDERAL slows con- 
iction in the AV node and 
olongs its refractory time. 
»wed AV conduction will 
ten block reentry circuits, to 
lo restore sinus rhythm. 


ETTER SOONER THAN LATER 


WITH The ECG reads 


atrial flutter. Or atrial fibrilla- 
tion. You have digitalized 
your patient, but the arrhyth- 
mia is not yet controlled. 
Consider adding INDERAL 
(propranolol HCI). Combined 
with digitalis, it obviates in- 
creasing digitalis dosage to 
toxic levels—while slowing 
the ventricular rate sufficiently 
to achieve control. INDERAL 
also complements the action 
of other agents. Combined 
with quinidine, it allows lower 
doses of quinidine—reducing 
the need for toxic levels. And 
often, with INDERAL added, 
atrial arrhythmias respond 
when no single agent works 
alone. 





1 NSTEAD The arrhyth- 


mia is induced by an anti- 
arrhythmic drug such as 
digitalis or quinidine. Persists 
after discontinuance of 

the drug and correction of 
electrolyte imbalance. Con- 
sider INDERAL instead. Often 
the drug of choice, except 
in the presence of serious 
congestive heart failure. 
Often, too, INDERAL (propran- 
olol HCI) abolishes supra- 
ventricular arrhythmias when 
either digitalis or quinidine 
has failed. 


With proper patient 
selection—in the absence 
of contraindications such as 
bradycardia, greater than 
first degree heart block, 
asthma, and congestive 
heart failure unless failure is 
secondary to tachyarrhyth- 
mias treatable with INDERAL— 
serious cardiovascular and 
respiratory side effects are 
seldom encountered* 
Rely on it: INDERAL. Alone. With. 
Or Instead. 


*Please turn the page for brief summary of 


prescribing information on contraindications, 
adverse reactions, and warnings, including 
avoidance of abrupt withdrawal. 


A PRIME CONSIDERATION FOR SUPRAVENTRICULAR ARRHYTHMIAS 
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(PROPRANOLOL HCI) 


10mg and 20mg tablets 


Ayerst. 
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BRIEF SUMMARY 
Ma FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR) 
nderal* BRAND OF propranolol hydrochloride A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 





ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 


ACTIONS: INDERAL is a beta-adrenergic receptor blocking drug, possessing no other 
autonomic nervous system activity. It specifically competes with beta-adrenergic receptor 
stimulating agents for available beta receptor sites. When access to beta receptor sites is 
blocked by INDERAL, the chronotropic, inotropic, and vasodilator responses to beta- 
adrenergic stimulation are decreased proportionately. 

Propranolol is almost completely absorbed from the gastrointestinal tract, but a portion is im- 
mediately bound by the liver. Peak effect occurs in one to one and one-half hours. The biologic 
half-life is approximately two to three hours. Propranolol is not significantly dialyzable. There is 
no simple correlation between dose or etl level and therapeutic effect, and the dose- 
sensitivity range as observed in clinical practice is wide. The principal reason for this is that 
sympathetic tone varies widely between individuals. Since there is no reliable test to estimate 
sympathetic tone or to determine whether total beta blockade has been achieved, proper dos- 
age requires titration. 

Beta receptor blockade is useful in conditions in which, because of pathologic or functional 
changes, sympathetic activity is excessive or inappropriate and detrimental to the patient. But 
there are also situations in which sympathetic stimulation is vital. For example, in patients with 
severely damaged hearts, adequate ventricular function is maintained ay virtue of sympathetic 
drive which should be preserved. In the presence of AV block, beta blockade may prevent the 
necessary facilitating effect of sympathetic activity on conduction. Beta blockade results in 
bronchial constriction by interfering with adrenergic bronchodilator activity which should be 
preserved in patients subject to bronchospasm. 

The proper objective of beta blockade therapy is to decrease adverse sympathetic stimula- 
tion but not to the degree that may impair necessary sympathetic support. 

Propranolol exerts its antiarrhythmic effects in concentrations associated with beta- 
adrenergic blockade and this appears to be its principal antiarrhythmic mechanism of action. 
The membrane effect also plays a role, particularly, some authorities believe, in digitalis- 
induced arrhythmias. 

Beta-adrenergic blockade is of unique importance in the management of arrhythmias due to 
increased levels of circulating catecholamines or enhanced sensitivity of the heart to catechol- 
amines (arrhythmias associated with pheochromocytoma, thyrotoxicosis, exercise). 

In dosages greater than required for beta blockade, INDERAL also exerts a quinidine-like or 
anesthetic-like membrane action which affects the cardiac action potential and depresses car- 
diac function. 

Propranolol may reduce the oxygen requirement of the heart at any given level of effort by 
blocking catecholamine-induced increases in heart rate, systolic blood pressure, and the ve- 
locity and extent of myocardial contraction. On the other hand, propranolol may increase Oxy- 
gen requirements by increasing left ventricular fiber length, end diastolic pressure, and systolic 
ejection period. 

If the net physiologic effect of beta-adrenergic blockade in angina is advantageous, it would 
be expected to manifest itself during exercise by delayed onset of pain due to decreased OXy- 
gen requirement. 

INDICATIONS: Cardiac Arrhythmias: 7.) Supraventricular arrhythmias: a) Paroxysmal atrial 
tachycardias, particularly those arrhythmias induced by catecholamines or digitalis or asso- 
Ciated with the Wolff-Parkinson-White syndrome. (See W-P-W under WARNINGS.) b) Persistent 
sinus tachycardia which is noncompensatory and impairs the well-being of the patient. 

C) Tachycardias and arrhythmias due to thyrotoxicosis when causing distress or increased 
hazard and when immediate effect is necessary as adjunctive, short term (2-4 weeks) rimi 
May be used with, but not in place of, specific therapy. (See Thyrotoxicosis under WARNINGS.) 
d) Persistent atrial extrasystoles which impair the well-being of the patient and do not respond 
to conventional measures. e) Atrial flutter and fibrillation when ventricular rate cannot be con- 
trolled by digitalis alone, or when digitalis is contraindicated. 

2.) Ventricular tachycardias: Ventricular arrhythmias do not respond to propranolol as predict- 
ably as do the supraventricular arrhythmias. a) Ventricular tachycardias: With the exception of 
those induced by catecholamines or digitalis, INDERAL is not the drug of first choice. In critical 
situations when cardioversion technics or other drugs are not indicated or are not effective, 
INDERAL may be considered. If, after consideration of the risks involved, INDERAL is used, it 
should be given intravenously in low dosage and very slowly. (See DOSAGE AND ADMINIS- 
TRATION.) Care in the administration of INDERAL with constant electrocardiographic moni- 
toring is essential as the failing heart requires some sympathetic drive for maintenance of 
myocardial tone. b) Persistent premature ventricular extrasystoles which do not respond to con- 
ventional measures and impair the well-being of the patient. « 

3.) Tachyarrhythmias of digitalis intoxication: f digitalis-induced tachyarrhythmias persist fol- 
lowing discontinuance of digitalis and correction of electrolyte abnormalities, they are usuall 
reversible with oral INDERAL. Severe bradycardia may occur. (See OVERDOSAGE OR EXAG- 
GERATED RESPONSE.) ' : 

Intravenous propranolol hydrochloride is reserved for life-threatening arrhythmias. Temporary 
maintenance with oral therapy may be indicated. (See DOSAGE AND ADMINISTRATION.) 

4.) Resistant tachyarrhythmias due to excessive catecholamine action during anesthesia. 
Tachyarrhythmias due to excessive catecholamine action during anesthesia may sometimes 
arise because of release of endogenous catecholamines or administration of catecholamines. 
When usual measures fail in such arrhythmias, INDERAL may be given intravenously to abolish 
them. All general inhalation anesthetics produce some degree of TUE depression. 
Therefore, when INDERAL is used to treat arrhythmias during anesthesia, it should be used with 
extreme caution and constant ECG and central venous pressure monitoring. (See WARNINGS.) 
Hypertrophic Subaortic Stenosis: INDERAL is useful in the management of hypertrophic sub- 
aortic stenosis, eoe d) for treatment of exertional or other stress-induced angina. palpita- 
tions, and syncope. INDERAL also improves exercise performance. The effectiveness of 
INDERAL in this disease appears to be due to a reduction of the elevated outflow pressure gra- 
dient which is exacerbated by beta receptor stimulation. Clinical improvement may be tempo- 
rary. 

Pheochromocytoma: After primary treatment with an alpha-adrenergic blocking agent has 
been instituted, INDERAL may be useful as adjunctive therapy if the control of tachycardia be- 
comes necessary before or during surgery. 

It is hazardous to use INDERAL unless alpha-adrenergic blocking drugs are already in use, 
since this would predispose to serious blood pressure elevation. Blocking only the peripheral 
dilator (beta) action of epinephrine leaves its constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in having both beta and alpha 
blockade since the combination prevents the increase in heart rate and peripheral vasocon- 
striction needed to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may be useful as an adjunct to 
the management of symptoms due to excessive beta receptor stimulation. 
CONTRAINDICATIONS: INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
during the pollen season; 3) sinus bradycardia and greater than first degree block; 4) cardio- 
genic shock; 5) right ventricular failure secondary to pulmonary hypertension; 6) congestive 
heart failure (see WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable 
with INDERAL; 7) in patients on adrenergic-au mening psychotropic drugs (including MAO 
inhibitors), and panra the two week withdrawal period from such drugs. 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting 
circulatory function in congestive heart failure, and inhibition with beta-blockade always carries 
the potential hazard of further depressing myocardial contractility and pom cardiac fail- 
ure. INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart 
muscle (i.e., that of supporting the strength of myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action of digitalis may be reduced by INDERAL's 
negative inotropic effect. The effects of INDERAL and digitalis are additive in depressing AV 
conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of im- 
pending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the re- 
sponse observed closely: a) if cardiac failure continues, despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be immediately withdrawn; b) if tachyarrhythmia is 
being controlled, patients should be maintained on combined therapy and the patient closely 


As *1 ' 


followed until threat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation c 
INE and, in some cases, myocardial infarction, prd abrupt discontinuation 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dos 
should be gradually reduced and the patient carefully monitored. In addition, wher 
INDERAL is prescribed for angina pectoris, the patient should be cautioned again: 
interruption or cessation of therapy without the physician's advice. If INDERAL ther 
is interrupted and exacerbation of angina occurs, it usually is advisable to reinstitut 
INDERAL therapy and take other measures appropriate for the management of un: 
ble angina pectoris. Since coronary artery disease may be unrecognized, it may b« 
prudent to follow the above advice in patients considered at risk of having occult 

atherosclerotic heart disease, who are given propranolol for other indications. 


IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term u: 
not been adequately appraised. Special consideration should be given to propranolol's 
tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of« 
ing or continuing hyperthyroidism or cinch meg and give a false impression of imprc 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of sym 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing prop 
slowly. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have be 
ported in which, after propranolol, the tachycardia was replaced by a severe bradycard 
quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg pror 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release f 
tenance of adequate cardiac function, beta blockade will impair the desired inotropic el 
Therefore, INDERAL should be titrated carefully when administered for arrhythmias occ 
during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of t 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocyto 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and 
siologic effects are gone according to available evidence. However, in case of emerger 
gery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can I 
versed by administration of such agents, e.g., isoproterenol or levarterenol. However, st 
tients Lbs subject to protracted severe hypotension. Difficulty in restarting and main 
the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRONC 
EMPHYSEMA), INDERAL should be administered with caution since it may block broncl 
tion produced by endogenous and exogenous catecholamine stimulation of beta recep 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adre 
blocking activity, INDERAL may prevent the appearance of parany signs and symp 
(pulse rate and pressure changes) of acute hypoglycemia. This is especially important t 
in mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by 
cipitous eap of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es 
tablished. Use of any drug in pregnancy or women of childbearing potential requires tha 













/ posue risk to mother and/or fetus be weighed against the expected therapeutic benel 


ryotoxic effects have been seen in animal studies at doses about 10 times the maximun 
ommended human dose. 1 : 
PRECAUTIONS: Patients receiving catecholamine depleting drugs such as reserpine s 
be closely observed if INDERAL is administered. The added catecholamine blocking ac! 
this drug may then produce an excessive reduction of the resting sympathetic nervous e 
Occasionally, the pharmacologic activity of INDERAL may produce hypotension and/or 
bradycardia resulting in vertigo, vA attacks, or orthostatic hypotension. 

AS with any new drug given over prolonged periods, laboratory parameters should be 
served at regular intervals. The drug should be used with caution in patients with impaire 
or hepatic function. 

ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive heart failure: intensit 
of AV block; hypotension; paresthesia of hands; arterial insufficiency, usually of the Rayn 
type; thrombocytopenic purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnii 
tude, weakness, fatigue; reversible mental depression progressing to catatonia; visual d 
bances; hallucinations; an acute reversible syndrome characterized by disorientation foi 
and place, short term memory loss, emotional lability, slightly clouded sensorium, and de 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea 
stipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with ac! 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic pur 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin 
rous membranes and conjunctivae reported for a beta blocker (practolol) have not been 
clusively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe he 
ease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 
DOSAGE AND ADMINISTRATION: The dosage range for INDERAL Ís different for ea 
indication. 

ORAL 

ARRHYTHMIAS — 10-30 mg three or four times daily, before meals and at bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS— 20-40 mg three or four times daily, before 1 
and at bedtime. 

PHEOCHROMOCYTOMA —Preoperatively — 60 mg daily in divided doses for three day 
to surgery, concomitantly with an alpha-adrenergic blocking agent. —Management of ino 
ble tumor — 30 mg daily in divided doses. 

PEDIATRIC DOSAGE At this time the data on the use of the drug in this age group are t 
ited to permit adequate directions for use. 

INTRAVENOUS Intravenous administration is reserved for life-threatening arrhythmias 
those occurring under anesthesia. The usual dose is from 1to 3 mg administered under c 
monitoring, e.g. electrocardiographic, central venous pressure. The rate of administratio: 
should not exceed 1 mg (1 ml) per minute to diminish the possibility of lowering blood pre: 
and causing cardiac standstill. Sufficient time should be allowed for the drug to reach the 
action even when à slow circulation is present. If necessary, a second dose may be paon 
two minutes. Thereafter, additional drug should not be given in less than four hours. Addit 
INDERAL should not be given when the desired alteration in rate and/or rhythm is achiev 

Transference to oral therapy should be made as soon as possible. 

The intravenous administration of INDERAL has not been evaluated adequately in ther 
agement of hypertensive emergencies. 

OVERDOSAGE OR EXAGGERATED RESPONSE: IN THE EVENT OF OVERDOSAGE C 
EXAGGERATED RESPONSE, THE FOLLOWING MEASURES SHOULD BE EMPLOYED: 

BRADYCARDIA—ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPON: 
VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY. 

CARDIAC FAILURE — DIGITALIZATION AND DIURETICS. 

HYPOTENSION— VASOPRESSORS, e.g. LEVARTERENOL OR EPINEPHRINE (THERE 
DENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE.) 

BRONCHOSPASM — ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE. 

HOW SUPPLIED: INDERAL (propranolol hydrochloride) 

TABLETS: No. 461 —Each scored tablet contains 10 mg of propranolol hydrochloride, in t 
of 100 and 1,000. Also in unit dose package of 100. No. 462 — Each scored tablet contains 
20 mg of propranolol hydrochloride, in bottles of 100 and 1,000. Also in unit dose package 
100. No. 464 — Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles 
100 and 1,000. Also in unit dose package of 100. No. 468 — Each scored tablet contains & 
of propranolol hydrochloride, in bottles of 100 and 1,000. Also in unit dose package of 100. 
INJECTABLE: No. 3265 — Each ml contains 1 mg of propranolol hydrochloride in Water for 
tion. The pH is adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 
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convenience of a ready-to- -use kit. - Y belavon or internal jugular 
A rapid, reliable bedside procedure. a SN NET insertion. The other, for femoral insertion, 
VE » hasa‘J” shaped tip to facilitate entry from the 
" ie nat ses Mi Pe ag a Vogel —— . inferior vena cava. Either may be used with most 
y Mein external pacemakers. 

an ECG recording from the distal electrode as a So now get reliable emergency pacing and 
placement guide. Blood flow directs the balloon- ease of insertion with all the convenience of a 
tipped catheter rapidly into the right ventricle. No ready-to-use kit. 
a ee pA crai eee a The Swan Ganz Bipolar Facing Catheter Kit. 
visualized by fluoroscopy, if desired. For (AE bei: A 
Quality components for reer he Edwards Laboratories, Division 
quality pacing. of American Hospital Supply 

In addition to the 5-F Swan- Ganz Corporation, 17221 Red Hill 
Bipolar Pacing Catheter, the kit | Avenue, (Irvine), P.O. Box 
contains the basic components guise 2 11150, Santa Ana, CA 92711. 
needed for prompt, reliable catheter siege Telephone: 714/557-8910, 
placement: a Desilets-Hoffman* type — Cable: EDSLAB. Telex: 68-5567 


*Desilets-Hoffman is a registered trademark of C. R. Bard, Inc. 


Swan-GanZ? is a registered trademark, American 
Edwards Laboratories 


percutaneous insertion 
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Fruitless? 


A Question of 
Compliance. 


Patients on potassium supple- 
ents won't comply if they tire of 

e sweet fruity taste used to mask 
2 "bitter pill" of potassium in 

sir medication. 

That's when a prescription for 

2 fruitless taste of KATO potas- 
im supplement can be fruitful. 


KATO Supplement. 
The compatible taste 
of tomato. 


In KATO supplement, the naturally 
tangy taste of tomato complements 
the naturally salty taste of potas- 
sium chloride. Patients like the 
combination, and will stay with it 
day after day. Tomato-flavored 
KATO supplement is a natural — 
at breakfast and dinner. 





KATO Supplement. 
The preferred salt in the 
preferred form. 


Each single-dose packet of 
KATO supplement contains 20 
mEq of potassium chloride — the 
preferred salt — and less than 
9 mg sodium chloride. Because it 
contains the chloride salt, KATO 
supplement can be used where 
hypochloremic alkalosis is also a 
problem. KATO supplement mixes 
easily in water or tomato juice, 
and just two packets daily provide 
a full therapeutic dose. 


Fruitful. 





KATO Supplement. 
It’s fruitless for fruitful compliance. 


m tangy, tomato taste well accepted 
for long-term compliance 


m B.I.D. regimen encourages UHR (potassium chloride 


it inci RERO potential | lor oral solution) 450 KCl 


for gastrointestinal irritation 
SYNTEX PUERTO RICO, INC. 


m corrects both hypokalemia and 
hypochloremic alkalosis HUMACAO, PUERTO RICO 00661 


ii convenient, easy-to-carry 
single-dose packets 









Please see prescribing information on following page. 


® 





(potassium chloride 
lor oral solution 


20 mEq (1.5 g KCI) 


Prescribing Information 


DESCRIPTION: 

Spray-dried tomato powder containing 20 mEq potassium (equivalent to 
1.5 g KCl) per 6 grams powder (one dose) with natural and synthetic 
flavors, spices and colors. Benzoic acid and potassium benzoate 
added as preservatives. When reconstituted as directed, makes a 
pleasantly flavored, low sodium tomato juice drink. Each daily dose (2 
packets) contains approximately 0.5 mEq sodium. 


INDICATIONS: 

The prevention or correction of potassium deficit, particularly when 
accompanied by hypochloremic alkalosis in conjunction with thiazide 
diuretic therapy, in digitalis intoxication, or as the result of long-term 
corticosteroid therapy, low dietary intake of potassium, or excessive 
vomiting or diarrhea. 


CONTRAINDICATIONS: 

Potassium is contraindicated in severe renal impairment involving 
oliguria, anuria or azotemia; in untreated Addison's disease, familial 
periodic paralysis, acute dehydration, heat cramps, hyperkalemia from 
any cause. Potassium chloride should not be employed in patients 
receiving potassium-sparing agents such as aldosterone antagonists 
and triamterene. 


PRECAUTIONS: 

KATO is a concentrate and should be taken only after reconstituting with 
water as directed. This preparation, like other potassium supplements, 
must be properly diluted to avoid the possibility of gastrointestinal irrita- 
tion. Do not use in patients with low urinary output or renal decompensa- 
tion. Administer with caution; it is impossible to assess accurately the 
daily dose required. Excessive dosage may result in potassium intoxica- 
tion. Frequent checks of the clinical status of the patient, ECG and/or 
plasma potassium level should be made. High plasma concentrations of 
potassium ion may cause death through cardiac depression, ar- 
rhythmias or arrest. Use with caution in patients with cardiac disease. 


ADVERSE REACTIONS: 

Vomiting, diarrhea, nausea, and abdominal discomfort may occur. 
Gross overdosage may produce signs and symptoms of potassium 
intoxication: mental confusion, listlessness, paresthesia of the ex- 
tremities, weakness and heaviness of legs, flaccid paralysis, hyper- 
kalemia, ECG abnormalities, fall in blood pressure, cardiac arrhythmias 
and heart block. The characteristic changes in the ECG are dis- 
appearance of the P wave, widening and slurring of QRS complex, 
changes of the S-T segment, tall peaked T waves, etc. 


TOXICITY: 

Potassium intoxication may result from overdosage of potassium or from 
therapeutic dosage in conditions stated under “Contraindications.” 
Hyperkalemia, when detected, must be treated immediately because 
lethal levels can be reached in a few hours. 


TREATMENT OF HYPERKALEMIA: 

1. Dextrose solution 10% or 25% containing 10 units of crystalline insulin 
per 20 g dextrose, given I.V. in a dose of 300cc to 500cc in an hour. 2. 
Adsorption and exchange of potassium using sodium or ammonium 
cycle cation exchange resin, orally or as retention enema. 3. 
Hemodialysis or peritoneal dialysis. 4. Elimination of potassium- 
containing foods and medicaments. Warning: Digitalis toxicity can be 
precipitated by lowering the plasma potassium concentration too rapidly 
in digitalized patients. 


ADMINISTRATION AND DOSAGE: 

Mix with water to make a pleasant tomato juice drink. Each 6-gram unit 
dose packet provides 20 mEq of potassium. Usual adult dose—1 packet 
of KATO mixed with about 2 ounces of water twice daily—supplies 40 
mEq potassium per day. Take with meals or follow with 2 glass of water. 
Larger doses may be required, but should be administered under close 
supervision because of the possibility of potassium intoxication. 


HOW SUPPLIED: 
Cartons of 30 and 120 6-gram unit dose packets, 20 mEq each. 
CAUTION: 
Federal law prohibits dispensing without a prescription. 
02-488-30-1 
1-80 
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When exact measurement 
of home exercise programs 
is essentiall..... 








The Amerec Tunturi Ergometer 


With the Amerec Tunturi, physician, 
therapist and patient all know exactly how 
much exercise is being performed. Pro- 
gressive rehabilitation programs can be 
monitored and adjusted with confidence. 
The brake scale accurately registers the 
amount of energy expended in watts—at 
both 50 and 60 revolutions per minute. 
Tension adjustment is infinitely variable. 
Disc brakes apply quiet, even resistance. 
And the easy-to-read tachometer/odometer 
registers revolutions per minute and total 
distance pedalled. 


The Amerec Tunturi is as convenient as it 
is accurate. The flywheel acts as a caster 

to roll where needed. An effective exercise 
program requires less than a square yard 
of floor space. 


Learn about the other features of this 
advanced, Finnish-built ergometer. We'll 
forward complete details at your request. 
Write Amerec, Box 3825, Bellevue, 
Washington 98009. (800) 426-0858. 


AMEREC 


Amerec and ERM are registered trademarks of Amerec Corporation. 





DVERTISEMENT 


Antiarrhythmia Bulletin No. 


Juinidine Withdrawal or 
Replacement May Decrease 
Physiologic Effect of Digoxin 





Some Further Reports on Problems Arisin g serum digoxin by 0.5 nmol/L in one of 41 patients. 


From the Quinidine-Digoxin Interaction Anorexia, nausea, and vomiting developed soon after 
starting quinidine therapy in 10 of the 22 patients who 


received quinidine but in only five of the 41 patients 
who received procainamide, disopyramide, or mexile- 
tine (P —0.01). Quinidine prolonged the PR interval 
from 160 + 14 ms to 183 + 26 ms, but procainamide, 
disopyramide, and mexiletine did not change the PR 
interval (P < 0.005). In digitalized patients, quinidine 
increases serum digoxin concentration, increases di- 
goxin's effect on atrioventricular conduction, and 
produces more adverse gastrointestinal effects than 
procainamide, disopyramide, or mexiletine. . . . 

"Figure 1 shows the change in serum digoxin concen- 
trations during administration of the four antiarrhythmic 
drugs. Each dot represents, for one patient, the differ- 
ence between the mean serum digoxin concentration 
before and during therapy with quinidine, procaina- 
mide, disopyramide, or mexiletine.... 

“Because interaction between digoxin and quinidine 
is common and because quinidine’s potential for pro- 


" An increase in serum digoxin concentration after quini- 
dine is added is now anticipated by many physicians. 
The opposite is predictable from this observation: a fall 
in the serum concentration and physiologic effect of 
digoxin when quinidine is withdrawn from a patient 
previously stable on both drugs. Although an example 
of this fall has been reported, little emphasis has been 
given to this aspect of the quinidine-digoxin inter- 
action, which may have important consequences. . . . 

"]t appears that this [a 62-year-old female] patient's 
symptoms and increase in ventricular rate were due to a 
decrease in serum digoxin concentration and physio- 
logic effect caused by withdrawal of quinidine. This 
phenomenon should be anticipated when quinidine is 
discontinued or replaced by other antiarrhythmic therapy 
in patients previously stable on digoxin and quinidine, 
especially those in atrial fibrillation, and may require an 


appro pimo sed ustRon t ofdigatin dosage based on ducing toxicity is still unknown, we recommend that 
clinical observations and measured serum digoxin , E b dh Pise er dine pn (ug aes 
concentrations.” caution be exercised when quinidine is given to digita- 


—From Moench, T.R.: The Quinidine-Digoxin Interaction, N. lized patients. . .. 
Engl. J. Med. 302:864, 1980. “Our study shows that several other orally active 
antiarrhythmic drugs fail to cause an increase in serum 


digoxin concentration.” 
“Dr. Moench reports a case that supports the view that 8 


quinidine withdrawal can decrease the effect of digoxin. 
The end point in his study was the time-honored ven- +3.0 
tricular response to atrial fibrillation, i.e., atrioventric- 
ular nodal conduction. His case report provides another T 
bit of evidence that the change in serum digoxin con- NW 
centration during the interaction often reflects the : 
effect of digoxin on the heart. This hypothesis is diffi- +1.0 
cult to test, and the observations of Dr. Moench are 

0 





helpful in view of the increasingly complex picture of 
the interaction.” 
— From Bigger, J.T., Jr.: The Quinidine-Digoxin Interaction, N. 
Engl. J. Med. 302:864— 865, 1980. 





Change in serum digoxin (nmol/L) 


asL DEN 


Quinidine Procainamide ror ae [era 
| " (n — 22) (n = 22) (n=1 (n= 
Do Other Antiarrhythmics Interact With c 


Digoxin? — From Leahey, E.B., Jr., and others: The Effect of Quinidine 


and Other Oral Antiarrhythmic Drugs on Serum Digoxin: A Prospec- 


"We compared the effects of quinidine and three alternate tive Study, Aam. Toten. UM NM EU 


antiarrhythmic drugs on serum digoxin concentration in From what has appeared in the literature concern- 
63 patients before and during administration of quini- ing the elevation of digoxin levels with concomitant 
dine, procainamide, disopyramide, or mexiletine. quinidine use and reported lack of elevation of di- 
Quinidine increased digoxin concentration by at least goxin levels with concomitant Norpace? (disopyra- 
0.5 nmol/L in 21 of 22 patients: Mean serum digoxin mide phosphate) use, it would appear that Norpace 
rose from 1.2 nmol/L to 2.4 nmol/L (P —0.001). could be a logical alternative to quinidine in some 


Procainamide, disopyramide, or mexiletine increased patients using digoxin concomitantly. 


. * LJ . 
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NORPACE* CAPSULES (disopyramide phosphate) 


DESCRIPTION : 

Norpace (disopyramide phosphate) is an antiarrhythmic drug available for oral CH,-Ct 9 
administration in capsules containing 100 mg or 150 mg of disopyramide base, aa indicis 
present as the phosphate The base content of the phosphate salt is 776% CH, 

The structural formula of Norpace is seen at the right. Norpace is freely soluble N 

in water, and the free base (pKa 8 36) has an aqueous solubility of 1 mg/ml. The F 


chloroform water partition coefficient of the base is 3.1 at pH 72 Norpace is 
a racemic mixture of d- and /-isomers This drug is not chemically related to ethyl ]-a-phenyl-2- 
other antiarrhythmic drugs pyridineacetamide 


CLINICAL PHARMACOLOGY phosphate 
Mechanisms of action: Norpace (disopyramide phosphate) is a Type 1 antiarrhythmic drug (i e., similar to 
procainamide and quinidine) /n animal studies Norpace decreases the rate of diastolic depolarization (phase 
4) in cells with augmented automaticity, decreases the upstroke velocity (phase 0) and increases the action 
potential duration of normal cardiac cells, decreases the disparity in refractoriness between infarcted and 
adjacent normally perfused myocardium and has no effect on alpha- or beta-adrenergic receptors 
Electrophysiology: |n man. Norpace at therapeutic plasma levels shortens the sinus node recovery time. 
lengthens the effective refractory period of the atrium and has a minimal effect on the effective refractory 
period of the AV node Little effect has been shown on AV-nodal and His-Purkinje conduction times or ORS 
duration However, prolongation of conduction in accessory pathways occurs 

Hemodynamics: At recommended oral doses, Norpace rarely produces significant alterations of blood 
pressure in patients without congestive heart failure (see Warnings) Intravenous injection (2 mg/kg over 3 
minutes) produces a moderate, transient increase in heart rate and in total peripheral resistance. In patients 
with organic heart disease intravenous Norpace causes cardiac depression, with approximately a 10% re- 
duction of cardiac output 

Anticholinergic activity: The in vitro anticholinergic activity of Norpace is approximately 0 0696 that of 
atropine, however, the usual dose of Norpace is 150 mg every 6 hours compared to 0.4-0.6 mg for atropine 
(see Warnings and Adverse Reactions for anticholinergic side effects) 

Pharmacokinetics: Following oral administration disopyramide phosphate is rapidly and almost com 
pletely absorbed, and peak plasma levels are usually attained within two hours. The usual therapeutic 
plasma levels of disopyramide free base are 2-4 mcg/ml and at these concentrations protein binding varies 
from 50-65% Because of concentration-dependent protein binding, it is difficult to predict the concentration 
of the free drug when total drug is measured 

The mean plasma half-life of disopyramide in healthy humans is 6 7 hours (range of 4 to 10 hours). In six pa- 
tients with impaired renal function (creatinine clearance less than 40 ml/min), disopyramide half-life values 
were 8 to 18 hours 

In healthy men about 5096 of a given dose of disopyramide is excreted in the urine as the unchanged drug, 
about 2096 as the mono-N-dealkylated metabolite and 1096 as the other metabolites The plasma concen- 
tration of the major metabolite is approximately one tenth that of disopyramide Altering the urinary pH in 
man does not affect the plasma half-life of disopyramide 


INDICATIONS 

Norpace should be prescribed only after appropriate electrocardiographic assessment 

Norpace (disopyramide phosphate) is indicated for suppression and prevention of recurrence of the following 

cardiac arrhythmias when they occur singly or in combination 

1 Unifocal premature (ectopic) ventricular contractions 

2 Premature (ectopic) ventricular contractions of multifocal origin 

3 Paired premature ventricular contractions (couplets) 

4 Episodes of ventricular tachycardia (persistent ventricular tachycardia is ordinarily treated with D.C. car- 
dioversion) 

In controlled trials of ambulatory patients Norpace was as effective as 325 mg quinidine q 6 h in reducing 

the frequency of ventricular ectopic activity Norpace was equally effective in digitalized and nondigitalized 

patients. Norpace is also equally effective in the treatment of primary cardiac arrhythmias and those which 

occur in association with organic heart disease including coronary artery disease 

Oral Norpace (disopyramide phosphate) has not been adequately studied in patients with acute myocardial 

infarction or in patients with persistent ventricular tachycardia or atrial arrhythmias 

Type 1 antiarrhythmic drugs are usually not effective in treating arrhythmias secondary to digitalis intoxica- 

uon and, therefore, Norpace is not indicated for such cases 

The value of antiarrhythmic drugs in preventing sudden death in patients with serious ventricular ectopic ac- 

tivity has not been established 


CONTRAINDICATIONS 
Norpace (disopyramide phosphate} is contraindicated in the presence of cardiogenic shock, preexisting 
second- or third-degree AV block (if no pacemaker is present), or known hypersensitivity to the drug 


WARNINGS 

Negative inotropic properties: Heart failure /hypotension: Norpace may cause or worsen 
congestive heart failure or produce severe hypotension as a consequence of its negative 
inotropic properties. Hypotension has been observed primarily in patients with primary car- 
diomyopathy or inadequately compensated congestive heart failure. Norpace should not be 
used in patients with uncompensated or marginally compensated congestive heart failure 

or hypotension unless the congestive heart failure or hypotension is secondary to cardiac 
arrhythmia. Patients with a history of heart failure may be treated with Norpace, but careful 
attention must be given to the maintenance of cardiac function, including optimal digitaliza- 
tion. If hypotension occurs or congestive heart failure worsens, Norpace should be discon- 
tinued and, if necessary, restarted at a lower dosage only after adequate cardiac compensa- 
tion has been established. 

ORS widening: Although it is unusual, significant widening (greater than 25%) of the QRS 
complex may occur during Norpace administration; in such cases Norpace (disopyramide 
phosphate) should be discontinued. 

Q-T prolongation: As with other Type 1 antiarrhythmic drugs, prolongation of the Q-T interval 
(corrected) and worsening of the arrhythmia may occur. Patients who have evidenced prolon- 
gation of the Q-T interval in response to quinidine may be at particular risk. If a Q-T prolonga- 
tion of greater than 25% is observed and if ectopy continues, the patient should be monitored 
closely, and consideration be given to discontinuing Norpace (disopyramide phosphate). 
Hypoglycemia: In rare instances significant lowering of blood glucose values has been re- 
ported during Norpace administration. The physician should be alert to this possibility, especially in 
patients with congestive heart failure, chronic malnutrition, hepatic, renal or other diseases or drugs (e g , 
beta adrenoceptor blockers, alcohol) which could compromise preservation of the normal glucoregulatory 
mechanisms in the absence of food In these patients the blood glucose levels should be carefully followed 
Concomitant antiarrhythmic therapy: The concomitant use of Norpace with other Type 1 
antiarrhythmic agents (such as quinidine or procainamide) and/or propranolol should be 
reserved for patients with life-threatening arrhythmias who are demonstrably unresponsive 
to single agent antiarrhythmic therapy. Such use may produce serious negative inotropic 
effects, or may excessively prolong conduction. This should be considered particularly in patients 
with any degree of cardiac decompensation or those with a prior history thereof. Patients receiving more 
than one antiarrhythmic drug must be carefully monitored 

Heart block: M first-degree heart block develops in a patient receiving Norpace, the dosage 
should be reduced. If the block persists despite reduction of dosage, continuation of the drug must 
depend upon weighing the benefit being obtained against the risk of higher degrees of heart block. Devel- 
opment of second- or third-degree AV block or unifascicular, bifascicular or trifascicular block requires dis- 
continuation of Norpace therapy, unless the ventricular rate is adequately controlled by a temporary or 
implanted ventricular pacemaker 

Anticholinergic activity: Because of its anticholinergic activity, Norpace should not be used in 
patients with glaucoma, myasthenia gravis or urinary retention unless adequate overriding 
measures are taken; these consist of the topical application of potent miotics (e g.. pilocarpine) for pa- 
tients with glaucoma, and catheter drainage or operative relief for patients with urinary retention. Urinary 
retention may occur in patients of either sex as a consequence of Norpace administration, but males with 
benign prostatic hypertrophy are at particular risk. In patients with a family history of glaucoma, intraocular 
pressure should be measured before initiating Norpace therapy Norpace should be used with special care in 
patients with myasthenia gravis since its anticholinergic properties could precipitate a myasthenic crisis in 
such patients 


PRECAUTIONS 

Atrial tachyarrhythmias: Patients with atrial flutter or fibrillation should be digitalized prior to Norpace 
administration to ensure that drug-induced enhancement of AV conduction does not result in an increase of 
ventricular rate beyond physiologically acceptable limits 

Conduction abnormalities: Care should be taken when prescribing Norpace for patients with sick sinus 
syndrome (bradycardia-tachycardia syndrome), Wolff-Parkinson-White syndrome (WPW), or bundle branch 
block The effect of Norpace (disopyramide phosphate) in these conditions is uncertain at present 
Cardiomyopathy: Patients with myocarditis or other cardiomyopathy may develop significant hypotension 
in response to the usual dosage of Norpace. probably due to cardiodepressant mechanisms Therefore, a 
loading dose of Norpace should not be given to such patients and initial dosage and subsequent dosage ad- 
justments should be made under close supervision (see Dosage and Administration) 

Drug interactions: Other antiarrhythmic drugs (e.g, quinidine, procainamide, lidocaine, propranolol) have 
occasionally been used concurrently with Norpace but no specific drug interaction studies have been con- 
ducted (see Warnings) Excessive widening of the QRS complex and/or prolongation of the Q-T interval may 
occur in these situations. Norpace does not increase serum digoxin levels 


a-[2-(diisopropylamino) 


Renal impairment: More than 50% of disopyramide is excreted in the urine unchanged. Iheretore Nc 
pace dosage should be reduced in patients with impaired renal function (see Dosage and Administratior 
The electrocardiogram should be carefully monitored for prolongation of PR interval, evidence of QRS wi 
ing or other signs of overdosage (see Overdosage) 

Hepatic impairment: Hepatic impairment also causes an increase in the plasma half-life of disopyrar 
Dosage should be reduced for patients with such impairment. The electrocardiogram should be carefully 
monitored for signs of overdosage (see Overdosage) 

Hypokalemia: Antiarrhythmic drugs may be ineffective in patients with hypokalemia. Therefore. any 
potassium deficit should be corrected before instituting Norpace (disopyramide phosphate) therapy 
Pregnancy: Reproduction studies in rats and teratology studies performed both in rats and in rabbits h 
revealed minimal evidence of impaired fertility No fetal anomalies were attributable to Norpace. Disopy 
amide has been found in human fetal blood. However, well-controlled studies of Norpace have not been 
performed in pregnant women and experience with Norpace during pregnancy is limited; therefore the p 
sibility of damage to the fetus cannot be excluded 

Norpace has been reported to stimulate contractions of the pregnant uterus. Norpace (disop 
amide phosphate) should be used in pregnant women only when it is clearly indicated and the benefit/ 
risk ratio has been carefully evaluated 

Labor and delivery: it is not known whether the use of Norpace during labor or delivery has immedi; 
or delayed adverse effects on the fetus, or whether it prolongs the duration of labor or increases the ne 
for forceps delivery or other obstetric intervention 

Nursing mothers: Studies in rats have shown that the concentration of disopyramide and its metaboli 
is between one and three times greater in milk than it is in plasma. Following oral administration, disor 
amide has been detected in human milk at a concentration not exceeding that in plasma. Therefore, if u: 
of the drug is deemed essential, an alternative method of infant feeding should be instituted. 
Pediatrics: The safety and effectiveness of Norpace in children have not been established 


ADVERSE REACTIONS 
The adverse reactions which were reported in clinical trials encompass observations in 1,500 patients, ir 
cluding 90 patients studied for at least four years. The most serious adverse reactions are hypotension « 
congestive heart failure The most common adverse reactions, which are dose dependent, are associate: 
with the anticholinergic properties of the drug. These may be transitory, but may be persistent or can bi 
vere Urinary retention is the most serious anticholinergic effect 
The following reactions were reported in 10-4096 of patients 

Anticholinergic: dry mouth (3296), urinary hesitancy (14%), constipation (11%) 
The following reactions were reported in 3-9% of patients 

Anticholinergic. blurred vision, dry nose/eyes/throat 

Genitourinary: urinary frequency and urgency 

Gastrointestinal: nausea, pain/bloating/gas 

General: dizziness, general fatigue/muscle weakness, headache, malaise. aches/pains 
The tollowing reactions were reported in 1-3% of patients 

Anticholinergic: urinary retention 

Genitourinary’ impotence 

Cardiovascular. hypotension with or without congestive heart failure. increased congestive heart fail 

(see Warnings), cardiac conduction disturbances (see Warnings), edema/weight gain, shortness of br 

syncope, chest pain 

Gastrointestinal anorexia, diarrhea, vomiting 

Dermatologic generalized rash/dermatoses. itching 

Central nervous system. nervousness 

Other: hypokalemia, elevated cholesterol /triglycerides 
The following reactions were reported in less than 196 

Depression, insomnia, dysuria, numbness/tingling, elevated liver enzymes, AV block, elevated BUN, e 

vated creatinine, decreased hemoglobin /hematocrit 
Hypoglycemia has been reported in association with Norpace (disopyramide phosphate) administration (: 
Warnings) 
Rarely, acute psychosis has been reported following Norpace therapy, with prompt return to normal men 
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Ventricular multiple extrasystoles and fibrillation were induced in open 
chest dogs by the delivery of either a single electrical pulse or a train of 
pulses to the right ventricle during the vulnerable period of the cardiac 
cycle. Bipolar epicardial electrodes delivered current while bipolar plunge 
electrodes recorded the activation complexes at various distances from 
the stimulation site. At stimulus intensities below the threshold for multiple 
ventricular responses, the electrograms recorded from muscle adjacent 
to the stimulation site showed fragmented activation complexes that lasted 
considerably longer than the control complexes. At stimulus intensities 
that evoked multiple ventricular extrasystoles or fibrillation, the frag- 
mented electrical activity became continuous and bridged the diastolic 
interval between successive ectopic complexes. The continuous frac- 
tionated electrical activity that preceded the appearance of multiple 
extrasystoles and fibrillation was recorded only from electrodes placed 
within a few millimeters of the stimulating electrodes and could be evoked 
only by stimulation during the vulnerable period. Disappearance of the 
fractionated local electrical activity during a run of extrasystoles was 
followed immediately by the resumption of a normal rhythm. In addition, 
the fractionated continuous electrical activity that appeared after delivery 
of a single stimulus during the vulnerable period could be abolished by 
the delivery of a second stimulus during the protective zone. The presence 
of continuous local electrical activity before the development of multiple 
extrasystoles and fibrillation provides strong evidence that the ventricular 
fibrillation threshold technique operates by producing local reentrant 
activity. 


The experiments of Wiggers and Wegria! in 1940 first demonstrated that 
an appropriately timed electrical stimulus of sufficient energy delivered 
to the ventricles in late systole could result in ventricular fibrillation. 
These investigators? later defined the “ventricular fibrillation threshold” 
as the current strength of a brief direct current shock of constant dura- 
tion (0.01-0.03 s) that is just able to induce fibrillation when applied 
during the vulnerable period of late systole. To minimize the amount 
of time required to locate the vulnerable period precisely, Han? intro- 
duced a technique for measuring vulnerability to fibrillation in which 
a train of constant current pulses scanned the T wave of the electrocar- 
diogram. Although many studies have used electrical stimulation of the 
ventricles to assess vulnerability to fibrillation, the mechanism by which 
current delivered during the vulnerable period initiates fibrillation re- 
mains unknown. Moe et al.* demonstrated that ventricular fibrillation 
induced by a single stimulus delivered during the vulnerable period 
began with a series of multiple extrasystoles originating from the vicinity 
of the stimulating electrodes. By mapping the spread of activation of the 
initial extrasystoles with bipolar electrograms they eliminated the 
possibility of a macroreentrant circuit and suggested that the initial 
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FIGURE 1. Schematic diagram of the heart indicating the placement 
of stimulating and recording electrodes. Solid circles indicate the po- 
sition of the bipolar electrodes used to deliver current during the vul- 
nerable period (interelectrode distance 7 mm). Open circles indicate 
the position of the bipolar recording electrodes on the right (RV) and 
left (LV) ventricles. The two recording electrodes in each pair were 
separated by a distance of 5 to 7 mm. 


impulses originated from an automatic center created 
by the stimulus current. However, because the direct 
bipolar recordings made by Moe et al.4 were never closer 
than 6 mm from the stimulating electrodes, they were 
unable to eliminate the possibility of local reentry. 

Recent studies in both human subjects® and experi- 
mental animals?" have suggested that local reentry can 
be identified in bipolar electrograms as the presence of 
continuous electrical activity bridging the diastolic in- 
terval between consecutive ectopic complexes. Thus, the 
purpose of the present experiments was to use multiple 
bipolar electrograms to locate areas of continuous 
electrical activity that precede the development of 
multiple extrasystoles and fibrillation when current is 
applied to the myocardium during the vulnerable pe- 
riod. 


Methods 


Experimental preparation: Experiments were performe 
in 12 adult mongrel dogs weighing 13 to 20 kg. The dogs wer 
anesthetized with sodium pentobarbital (30 mg/kg bod 
weight intravenously) and ventilated with room air with us 
of a positive pressure respirator (Harvard 607). A left thora 
cotomy was performed in the fourth and fifth intercosta 
spaces and the fifth rib removed. The stellate ganglia wer 
decentralized bilaterally to slow the spontaneous heart rate 
and intramural bipolar electrodes were applied to the lef 
atrium to pace the heart at a constant basic cycle length of 40 
to 500 ms. A small thermistor probe (YSI 427) was sutured tı 
the left ventricular epicardium and temperature was main 
tained constant at 37 to 38? C with use of a heating lamp. / 
femoral artery was cannulated and arterial blood pressur 
monitored continuously throughout the experiment. 

Electrophysiologic protocol: Ventricular arrhythmia 
were induced by passing either a single square wave impulsi 
(10 ms) or a gated train of impulses (14 pulses, 4 ms, 100 hertz 
through bipolar electrodes during the vulnerable period of thi 
T wave of the electrocardiogram. The stimulating electrode: 
consisted of two 21 gauge stainless steel hypodermic needle: 
embedded in an acrylic plaque. The two needles were sepa 
rated by 7 mm and extended 2 mm from the surface of th« 
plaque. The trains or single stimuli were synchronized to th« 
atrial stimulus and were delivered after every 15th ventriculai 
response. The single stimuli were delivered to the myocardium 
beginning in the absolute refractory period and were movec 
by 5 ms increments through the relative refractory period t« 
permit location of the most vulnerable portion of the cardiac 
cycle. In addition to delivery of single pulses during the vul. 
nerable period, in several experiments an additional stimulu: 
was introduced 30 to 50 ms after the initial stimulus in ordei 
to engage the protective zone. When trains of stimuli were 
delivered during the vulnerable period they were timed tc 
start during the S-T segment of the electrocardiogram and tc 
terminate 20 ms beyond the T wave. The current intensity o! 
all stimuli was measured directly by recording the voltage 
reduction across a precision 100 ohm resistor in series with the 
electrodes. When fibrillation occurred in response to eithei 
a train of stimuli or a single stimulus, defibrillation was 
achieved within 15 seconds with direct current counter- 
shock. 

The recording electrodes consisted of Teflon®-coated 
stainless steel wires (diameter 0.007 inch [0.178 cm]) threaded 


a 


FIGURE 2. The effect of stimulus intensity on the appearance of fractionated electrical activity. Two bipolar electrograms from the right ventricle 
(RVE1 and RVE2) are shown with a lead Il electrocardiogram (ECG). The bipolar electrograms were recorded from electrodes contiguous to the 
stimulating electrodes (Fig. 1). The atria were driven at a basic cycle length of 500 ms. A, after a control cycle, a 4 mA stimulus is delivered to the 
right ventricle 180 ms after the intrinsic deflection of the basic response in RVE2. A single premature systole appears in the electrocardiogram; 
both bipolar electrograms show fractionated electrical activity lasting 110 ms beyond the onset of the stimulus artifact. B, the stimulus strength 
is increased to 10 mA, resulting in two premature ventricular complexes. Both bipolar electrograms show fractionated electrical activity that spans 
the interval in the electrocardiogram between the two premature complexes. 
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through a 25 gauge hypodermic needle and bent at the tip to 
form a small hook. The needles were inserted into the myo- 
cardium and then withdrawn, leaving the wires hooked into 
the epicardium. 

The positions of the recording electrodes relative to the 
stimulating electrodes are shown in Figure 1. The two wires 
in each recording pair were separated by a distance of about 
5 to 7 mm. Each pair of recording electrodes was connected 
to a differential alternating current amplifier (40 to 500 hertz). 
The bipolar electrograms and a lead II electrocardiogram were 
displayed on either a Gould-Brush (model 2800) or a Sie- 
mens-Elema (Mingograph 804) direct writing recorder at 
paper speeds of 100 to 250 mm/s. 


CONTINUOUS LOCAL ELECTRICAL ACTIVITY—EULER AND MOORE 


Results 


Response to a single stimulus to right ventricle: 
The application of high intensity currents to the ven- 
tricles during the vulnerable period of the cardiac cycle 
resulted in the appearance of abnormal extracellular 
electrical activity. Figure 2 illustrates a typical experi- 
ment in which abnormal local electrical activity was 
observed after the delivery of a single stimulus (10 ms) 
to the right ventricle during the vulnerable period of the 
cardiac cycle. The records show the surface electrocar- 
diogram (lead II) and two bipolar right ventricular 


Ba ou. Nu 
ECG 140 


RVE3 RR 400 


T, — —— — — —- 

















ECG / \ 140 120 106 
0 





92 192 92 


— — — — — — 

















FIGURE 3. Continuous electrical activity preceding the appearance of multiple extrasystoles. The record shows an electrocardiogram (lead I!) and 
four local electrograms (RVE 1, RVE2, RVE3 and LVE). RVE1 and RVE2 were recorded from electrodes placed within 2 mm of the stimulating electrodes; 
RVE3 was recorded 5 mm away from the stimulating electrodes. LVE was obtained from the anterior left ventricle. The time lines (T) at the bottom 
of each panel indicate 100 ms intervals. A, after a control cycle, an 8 mA stimulus (arrow) is delivered to the right ventricle at a coupling interval 
of 112 ms, resulting in two ventricular extrasystoles (R-R interval 140 ms). B, the stimulus intensity is increased to 13 mA, resulting in a brief episode 


of ventricular tachycardia. The tachycardia accelerates during the first four 
is restored. In both panels the recording electrodes contiguous to the stimu 


cycles and oscillates in the fifth and sixth cycles before a normal rhythm 
lating electrodes (RVE1 and RVE2) show continuous fractionated activity 


preceding the onset of each spontaneous ectopic complex. In contrast, RVE3 and LVE display isoelectric lines between successive ectopic complexes. 
However, the duration of the local activation complexes in these electrograms increases with progressive acceleration of the ectopic com- 


plexes. 
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electrograms (RVE1 and RVE2) recorded from elec- extrasystoles with an R-R coupling interval of 140 m: 
trodes contiguous to the stimulating electrodes (Fig. 1). The two electrograms recorded very close to the stim 
Heart rate was held constant at a cycle length of 500 ms. ulating electrodes (RVE1 and RVE2) display continu 
In panel A, a 4 mA stimulus is delivered 180 ms after the ous fractionated electrical activity that spans the in 


intrinsic deflection in RVE2. A stimulus artifact can be terval between the two extrasystoles. In contrast to th 
seen in all three tracings; the largest is shown in the local marked fractionation at the stimulation site, the remot 
bipolar electrograms. After occurrence of the stimulus electrograms (RVE3 and LVE) show an isoelectric in 
artifact, a single premature ventricular complex is evi- terval between two discrete activation complexes. Th 
dent in the surface electrocardiogram, whereas both second complex in RVE3 is considerably longer than th 
local electrograms show fractionated electrical activity first, indicating a more asynchronous spread of activit: 
lasting 110 ms beyond the onset of the stimulus. In away from the stimulation site. In Figure 3B, the stim 
panel B, an increase in the current intensity of the ulus intensity is increased to 13 mA, resulting in a rui 
stimulus to 10 mA results in the production of two of six spontaneous extrasystoles after the initial stim 
closely coupled extrasystoles in the surface electrocar- ulus-induced extrasystole. The tachycardia exhibit 
diogram. Both of the local electrograms display frac- acceleration during the first four cycles with an oscil 
tionated electrical complexes that span the interval lation in the fifth and sixth cycles. T'he recording elec 
from the stimulus to the onset of the R wave of the trodes contiguous to the stimulating electrodes (RVE 
second extrasystole in the electrocardiogram. and RVE2) show continuous fractionated electrica 

Figure 3 presents records from another experiment activity throughout the duration of the ventricula 
in which abnormal, local electrical activity resulted from tachycardia. In contrast, electrograms RVE3 and LVI 
ventricular stimulation during the vulnerable period of show isoelectric interectopic intervals and an increas 
the cardiac cycle. The records show the surface elec- in the duration of the activation complexes with pro 
trocardiogram (lead II) and two bipolar electrograms gressive acceleration of the premature complexes. Dis 
(RVE1 and RVE2) recorded from electrodes placed on appearance of the fractionated electrical activity in 
the right ventricle within 2 mm of the stimulating RVE1 and RVE2 is followed immediately by the re 
electrodes. Also shown are an electrogram recorded 5 sumption of a normal rhythm and the return of al 
mm below the stimulation site (RVE3) and one re- electrograms to their control configuration. The mor 
corded from the anterior surface of the left ventricle phologic features of the fractionated electrical com 
(LVE). After the control cycle (Fig. 3A), an 8 mA stim- plexes in both RVE1 and RVE2 show marked variation: 
ulus is delivered to the right ventricle at a coupling in- among successive cycles of the tachycardia. However 
terval of 112 ms. This stimulus results in two ventricular the morphologic features of the fractionated activity 
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FIGURE 4. Continuous electrical activity evoked by a train of stimuli. Five bipolar electrograms (RVE1, RVE2, RVE3, RVE4 and LVE) are shown 
with a lead Il electrocardiogram. RVE1 and RVE2 were recorded from electrodes placed within 3 mm of the stimulating electrodes. The two other 
right ventricular electrograms were recorded from electrode pairs placed 8 mm above (RVE4) and 20 mm below (RVE3) the stimulating electrodes. 
The remaining electrogram (LVE) was recorded from the anterior surface of the left ventricle. After a control cycle, a train of 14 pulses (4 ms, 100 
hertz) is delivered to the right ventricle at a current intensity of 5 mA. The train results in a series of accelerating extrasystoles that degenerate 
into sustained fibrillation. Only the electrodes in close proximity to the stimulating electrodes (RVE 1 and RVE2) record continuous electrical activity 


between the first and second extrasystoles. Once the extrasystoles have degenerated into sustained fibrillations, all of the local electrograms show 
continuous fractionated electrical complexes. 
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between the first two extrasystoles are similar to those 
of the fractionated activity recorded in Figure 3A. 

Response to a train of stimuli scanning the T 
wave: Continuous fractionated electrical activity was 
also observed when trains of stimuli were used to scan 
the T wave of the electrocardiogram. Figure 4 shows the 
development of ventricular fibrillation after the delivery 
of a 5 mA train of pulses to the right ventricle. The 
records consist of a surface electrocardiogram (lead II) 
and five bipolar electrograms. The first two right ven- 
tricular electrograms (RVE1 and RVE2) were recorded 
3 mm away from the stimulating electrodes, the third 
and fourth electrograms were recorded 20 mm below 
(RVE3) and 8 mm above (RVEA) the stimulating elec- 
trodes. The two pairs of recording electrodes contiguous 
to the stimulating electrodes (RVE1 and RVE2) show 
continuous fractionated electrical activity between the 
first and second extrasystoles; an isoelectric line is evi- 
dent in the remote electrograms (LVE, RVE3 and 
RVEA). Once the initial extrasystoles degenerate into 
sustained fibrillation, all of the local electrograms dis- 
play continuous fractionated electrical activity. 

When recording electrodes were placed within 2 to 
3 mm of the stimulation electrodes (Fig. 1) continuous 
fractionated electrical activity was consistently observed 
in all animals when either a single stimulus or a train of 
stimuli was used to evoke multiple extrasystoles or fi- 
brillation. Trains of pulses initiated multiple extra- 
systoles and fibrillation at lower current intensities than 
did single pulses. Trains of pulses required an average 
of 7.0 2.5 mA (+standard deviation) to fibrillate the 
heart; single stimuli required 15.2 + 5.4 mA (difference 
highly significant [p «0.01] by a paired t test). The 
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current intensity needed to evoke multiple extrasystoles 
and fibrillation also resulted in saturation of the re- 
cording amplifiers and long-lasting artifacts (30 to 100 
ms) in the bipolar electrograms. To minimize the pos- 
sibility that the fractionated complexes were artifacts 
due to amplifier saturation, the coupling intervals of the 
single stimuli were varied in each animal. Although 
stimuli delivered after completion of the T wave or 
during the absolute refractory period were followed by 
large stimulus artifacts, no continuous fractionated 
electrical activity was recorded. 

Effects of coupling interval on fractionated 
electrical activity: Figure 5 illustrates the effects of 
coupling interval on the appearance of fractionated 
electrical activity at the stimulation site. All records 
were obtained from the same experiment shown in 
Figure 4. A control cycle is shown in panel A (cycle 
length 493 ms). In panel B, a 10 mA stimulus applied to 
the right ventricle at a coupling interval of 190 ms re- 
sults in two ventricular extrasystoles. The interval from 
the onset of the stimulus to the intrinsic deflection of 
the first extrasystole in RVE3 is 37 ms. Fractionated 
electrical activity, bridging the interval between the two 
extrasystoles, is observed only in RVE1 and RVE2. In 
panel C, the same 10 mA stimulus, delivered earlier in 
the relative refractory period at a coupling interval of 
147 ms, is followed by a single ventricular extrasystole. 
The interval from the stimulus to the onset of the local 
activation complex in RVE3 is 87 ms, 45 ms longer than 
the stimulus-response interval shown in panel B. The 
longer stimulus-response interval in panel C presum- 
ably resulted from extremely slow impulse conduction 
away from the stimulation site due to excitation of 
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FIGURE 5. Effect of stimulus coupling interval on the appearance of fractionated electrical activity. The electrical recordings shown are identical 
to those in Figure 4. A, a control cycle. B, two ventricular extrasystoles in response to a 10 mA stimulus (s) delivered (arrow) during the vulnerable 
period (coupling interval 190 ms). Fractionated electrical activity bridging the interval between the two extrasystoles is apparent only in RVE1 and 
RVE2. C, the same stimulus is delivered earlier in the relative refractory period (coupling interval 147 ms), resulting in only a single ventricular response. 
The interval from the stimulus to the onset of activation in RVE3 is 82 ms, which is 45 ms longer than the stimulus-response interval in panel B. 
Although some fractionated electrical activity is recorded in RVE1 and RVE2 the activity disappears shortly after the onset of activation in RVES 
and RVEA. D, the 10 mA stimulus is delivered at the end of the T wave (coupling interval 248 ms), resulting in a single premature response. The 
longer coupling interval, as compared with those in panels B and C, is associated with a shorter stimulus-response interval (19 ms in RVES3). There 
is no fractionated electrical activity in RVE1 and RVE2 after recovery from the stimulus artifact. 
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myocardial cells very early in their relative refractory 
period. Although some fractionated electrical activity 
is recorded in the RVE1 and RVE2 electrograms im- 
mediately after the disappearance of the stimulus ar- 
tifact, the activity disappears shortly after the onset of 
activation in RVE3 and RVEA. In panel D, the 10 mA 
stimulus, delivered at a coupling interval of 248 ms, 
results in a single ventricular extrasystole. The longer 
coupling interval in panel D compared with that in 
panels B and C is associated with a shorter stimulus- 
response interval (19 ms in RVE3). In contrast to the 
fractionated electrical activity after the stimulus in 


RVE3 


LVE 


panel B, the RVE1 and RVE2 electrograms in panel I 
return to isoelectric conditions immediately after thi 
stimulus artifact. 

Effect of protective zone activation on fraction 
ated electrical activity: Further evidence indicatin; 
that the fractionated electrical complexes after stimu 
lation during the vulnerable period were not artifact: 
was provided by the finding that a second stimulu: 
delivered during the protective zone totally abolishec 
the fractionated activity. Figure 6 illustrates this effec 
of activation of the protective zone on the productior 
of fractionated electrical activity. The records consis: 
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FIGURE 6. Effect of activation of the protective zone on the appearance of continuous electrical activity. The record shows four local electrograms 
(RVE1, RVE2, RVE3, LVE) and electrocardiographic lead Il. The time marks (T) at the bottom of each panel indicate 100 ms intervals. RVE3 was 
recorded 4 mm below the stimulating electrodes; RVE 1 and RVE2 were within 2 mm of the stimulating electrode. L VE was recorded from the anterior 
left ventricle. A, after a control cycle, a 17 mA stimulus (broken line) is applied to the right ventricle at a coupling interval of 154 ms. The stimulus 
results in a short run of ventricular tachycardia that spontaneously terminates after the seventh cycle. Only RVE 1 and RVE2 show continuous frac- 
tionated electrical activity during the tachycardia. Disappearance of the continuous activity is followed immediately by termination of the tachycardia. 
B, an additional 17 mA stimulus is delivered 50 ms after the same stimulus that produced the repetitive extrasystoles in the left panel. The paper 
speed in the left panel is 100 mm/s; thus in the right panel is 250 mm/s. Although both stimuli produce large artifacts in the local electrograms: 
there is no trace of fractionated electrical activity extending beyond the single premature response evoked by the stimuli. 
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of four local electrograms (RVE1, RVE2, RVE3 and 
LVE) and an electrocardiogram (lead II). Electrogram 
RVE3 was recorded 4 mm below the stimulating elec- 
trodes and RVE1 and RVE2 within 2 mm of the stim- 
ulating electrodes. After a control cycle (Fig. 6, left), a 
17 mA stimulus is applied to the right ventricle at a 
coupling interval of 154 ms. The stimulus results in a 
short run of ventricular tachycardia that spontaneously 
terminates after the seventh cycle. Continuous frac- 
tionated electrical activity is recorded in electrograms 
RVE1 and RVE2 during the tachycardia; when this 
activity terminates, the tachycardia also terminates. In 
the right panel of Figure 6, an additional 17 mA stimulus 
is delivered 50 ms after an identical stimulus that pro- 
duced the repetitive extrasystoles and continuous 
fractionated activity in the left panel. Although both 
stimuli produce large artifacts in the local electrograms, 
there is no trace of fractionated electrical activity ex- 
tending beyond the single premature response evoked 
by the stimuli. 


Discussion 


Mechanisms involved in initiation of ventricular 
fibrillation: Ventricular fibrillation occurs when an 
organized activation wave front is fractionated into 
multiple asynchronous wavelets that propagate ran- 
domly through the myocardium. The arrhythmia may 
be induced either by a rapidly discharging automatic 
focus or by a reentrant circuit. Regardless of the 
mechanism of induction, fibrillation is sustained by 
multiple asynchronous reentry. 

Although fibrillation is sustained by multiple reentry, 
the mechanism by which current delivered during the 
vulnerable period initiates fibrillation has not previ- 
ously been elucidated. Several studies have indicated 
that changes in the ventricular fibrillation threshold are 
closely correlated with the amount of asynchrony in 
recovery of excitability among adjacent myocardial fi- 
bers.5-1? Furthermore, Spear et al.!? showed that either 
a single stimulus or a train of stimuli delivered during 
the vulnerable period at a central site results in an in- 
crease in temporal dispersion in recovery of excitability 
in tissue adjacent to the central site. They found that 
increasing the current intensity of either a single pulse 
or a train of pulses at the central site increased the 
temporal dispersion of refractoriness at the peripheral 
sites. They suggested that increasing the intensity of 
current delivered during the vulnerable period increased 
the degree of inhomogeneity in recovery of the myo- 
cardium until a level was attained that allowed multiple 
asynchronous reentry and fibrillation. 

Although the ventricular fibrillation threshold is af- 
fected by interventions that alter the susceptibility of 
the heart to reentry, no study using direct recordings 
from the myocardium during the induction of fibrilla- 
tion has been able to substantiate a reentrant mecha- 
nism. Moe et al.4 suggested that a single stimulus of 
sufficient intensity delivered during the vulnerable 
period results in a single rhythmic center from which 
several impulses are discharged at an accelerating rate. 
They hypothesized that the progressive decrease in 
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refractory periods associated with the accelerating rate 
and the conduction delay of the premature responses 
would establish the conditions necessary for reentry and 
fibrillation. Their conclusion that the initial accelerating 
extrasystoles originate from a single rhythmic center 
was supported by the observation of a similar spread of 
activation of each extrasystole on the surface and in- 
terior of the ventricles. The possibility of a macro- 
reentrant circuit was eliminated because there was a 
period of time between each of the initial ectopic beats 
when no area of the ventricles was excited.* 

Continuous local electrical activity preceding 
ventricular fibrillation: The results of our study do 
not support the concept of a single rhythmic center as 
the mechanism responsible for the genesis of multiple 
extrasystoles and fibrillation in response to either a 
single stimulus or a train of stimuli delivered during the 
vulnerable period. The observation of continuous 
fractionated electrical activity spanning the interval 
between the first premature complex and subsequent 
premature complexes (Figs. 2 to 6) suggests that the 
mechanism is much more complex than a single accel- 
erating ectopic focus. In the experiments of Moe et al.,* 
electrograms were recorded from very close bipolar 
electrodes (interelectrode distance 1.5 mm) attached 
to the ventricles at least 6 mm from the site of stimu- 
lation. Presumably their failure to observe continuous 
fractionated electrical activity resulted from their 
failure to record from a sufficient mass of tissue in close 
proximity to the stimulating electrodes. In our experi- 
ments (Figs. 2 to 6), fractionated electrical activity was 
recorded only from wide bipolar electrodes placed very 
close to the stimulating electrodes. In electrograms re- 
corded several millimeters away from the stimulation 
site, continuous electrical activity was not evident 
during the initial extrasystoles but usually appeared 
once the extrasystoles had degenerated into sustained 
fibrillation. 

Although we were not able to determine the precise 
origin of the continuous electrical activity recorded in 
the vicinity of the stimulation site, the amplitude and 
rate of change of the majority of complexes suggest that 
they were associated with asynchronous depolarization 
of local myocardial fibers. Some of the electrical com- 
plexes may have been due to asynchronous repolariza- 
tion of adjacent fibers, although the high pass filters 
employed presumably attenuated the potentials gen- 
erated by repolarization to a much greater degree than 
those generated by depolarization. 

It is possible that the continuous fractionated elec- 
trical activity recorded after the first extrasystole elic- 
ited by a train of stimuli or a single stimulus was not the 
cause of subsequent spontaneous extrasystoles, but was 
merely associated with their occurrence. However, the 
fact that local, fractionated electrical activity always 
spanned the diastolic interval before the onset of a 
spontaneous extrasystole argues for a cause and effect 
relation. In addition, during a run of multiple extra- 
systoles the disappearance of continuous fractionated 
electrical activity was followed immediately by the re- 
turn of a normal rhythm (Fig. 3 and 6). Thus, the ap- 


November 1980 The American Journal of CARDIOLOGY Volume 46 789 


— Hmmm kala | 


-—— - == P ees -——- „e 


CONTINUOUS LOCAL ELECTRICAL ACTIVITY—EULER AND MOORE 


pearance of spontaneous extrasystoles after the initial 
stimulus-induced extrasystole was probably the result 
of the formation of multiple local wave fronts outlasting 
the refractory period of the surrounding myocardium. 
If the local wave fronts survived long enough, then the 
multiple extrasystoles degenerated into sustained fi- 
brillation. 

Origin of the continuous local electrical activity: 
Although the continuous fractionated electrical activity 
is suggestive of reentry, the possibility that multiple 
ectopic foci were discharging asynchronously must be 
considered. Moe et al.* suggested that a strong stimulus 
delivered during the vulnerable period creates a local 
state of tissue polarization that acts as a persisting 
stimulus resulting in multiple premature responses. In 
our present experiments, a long-lasting state of polar- 
ization created by a train or single stimulus might have 
produced multiple asynchronous firing of closely ad- 
jacent fibers, resulting in the appearance of continuous 
electrical activity in the local electrograms. However, 
if the initiation of fibrillation depended on a persisting 
stimulus due to tissue polarization, it would be difficult 
to account for the existence of a discrete vulnerable 
period. As shown in Figure 4, only stimuli delivered 
during the vulnerable period resulted in local, frac- 
tionated electrical activity that preceded the appear- 
ance of spontaneous extrasystoles. When stimuli were 
delivered earlier or later in the cardiac cycle, there was 
little such activity extending beyond the single pre- 
mature response evoked by the stimulus. 

It is also conceivable that the intense stimulus current 
could have triggered a series of asynchronous oscillatory 
afterpotentials in adjacent myocardial fibers, resulting 
in the appearance of continuous fractionated electrical 
activity in the local electrograms. However, after- 
potentials always follow an action potential!? and would 
not occur until after completion of the first premature 
action potential evoked by the stimulus. In our study, 
fractionated continuous electrical activity appeared 
immediately after the disappearance of the stimulus 
artifact, 30 to 100 ms after the delivery of the stimulus 
current. It is doubtful that the interval between the 
stimulus and the onset of continuous activity would be 
sufficient for completion of an action potential and 
generation of an afterpotential. Thus, our results 
suggest that both the initiation and the maintenance of 
fibrillation are due to local reentry. 

Protective zone: Verrier et al.!? found that in addi- 
tion to a discrete vulnerable period, there is a discrete 


protective zone. This protective zone begins 10 to 15 m: 
after the nadir of the vulnerable period and has a du. 
ration of approximately 50 ms. A stimulus deliverec 
during this time will prevent the development of fi. 
brillation in response to a stimulus delivered during the 
vulnerable period. Activation of the protective zone ir 
our study consistently abolished the continuous elec- 
trical activity that preceded the development of spon- 
taneous extrasystoles and fibrillation. The protective 
zone occurs at a time when reentrant activity should be 
confined to a small mass of tissue in the immediate vi- 
cinity of the stimulation site. Thus, a strong stimulus 
delivered during this time could block reentry by de- 
polarizing unexcited fibers in the circuit. 

Comparison of fibrillation threshold techniques: 
The current required to produce continuous electrica] 
activity and fibrillation with a train of pulses in our 
study was consistently less than that required for a 
single pulse. These observations are consistent with the 
lower fibrillation threshold that has been reported for 
a train of pulses.!^!5 The lower current level required 
for a train of pulses to initiate reentrant excitation may 
be due to complex interactions between individual 
pulses in a train.!? Also, the current required for fibril- 
lation when a train of pulses is used may depend on the 
timing of the pulses relative to the protective zone.4 
Furthermore, the discrepancy in the amount of current 
necessary to evoke fibrillation with the two techniques 
may depend largely on liberation of local stores of cat- 
echolamines by the stimuli. Euler!4 found that the ele- 
vation of the ventricular fibrillation threshold for a train 
of pulses in response to doses of propranolol sufficient 
to produce beta adrenergic blockade is seven-fold 
greater than the elevation in the threshold obtained 
with the single pulse technique. It is probable that the 
locally released stores of catecholamines increase the 
asynchrony in recovery of excitability of tissue adjacent 
to the stimulating electrodes, thereby facilitating the 
likelihood of reentry. Regardless of the precise mecha- 
nisms that result in the lower fibrillation threshold with 
a train of pulses than with a single pulse, the appearance 
of continuous fractionated electrical activity close to the 
stimulation site suggests that both methods initiate fi- 
brillation by local reentry. 
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The electrophysiologic actions of disopyramide phosphate on reentrant 
ventricular tachycardia induced by premature ventricular stimuli were 
evaluated in conscious dogs 2 to 4 days after myocardial infarction. Di- 
sopyramide was administered as a series of intravenous infusions to obtain 
successive steady state plasma disopyramide concentrations of 1.02 + 
0.02, 2.05 + 0.08, 3.94 + 0.09 and 7.69 + 0.18 {ug/ml (mean values + 
standard error of the mean). Disopyramide plasma concentrations of 1.02 
+ 0.02 g/ml produced an increase in the rate and duration of ventricular 
tachycardia as well as in the interval during which premature ventricular 
stimuli produced ventricular tachycardia. The effective refractory period 
of normal myocardium was decreased and conduction (activation time) 
was improved in ischemic myocardium. Increasing steady state plasma 
disopyramide concentrations slowed the rate of ventricular tachycardia 
without decreasing its duration. Slowing of the rate of tachycardia oc- 
curred simultaneously with a depression of conduction in normal and 
ischemic myocardium and an increase in ventricular refractoriness. In- 
duction of ventricular tachycardia was prevented only at steady state 
plasma disopyramide concentrations of 7.69 + 0.18 ug/ml. The results 
of this study suggest that subtherapeutic plasma concentrations of diso- 
pyramide may facilitate the development of reentrant ventricular ar- 
rhythmia in the electrically unstable heart. Ventricular tachycardia or fi- 
brillation, or both, may be prevented only by plasma disopyramide con- 
centrations that are in excess of the normal therapeutic range of 2 to 4 
ug/ml. 


Sudden death in patients with coronary artery disease results from severe 
disturbances of cardiac impulse formation or conduction that most often 
lead to ventricular fibrillation. Continuous electrical instability of the 
ischemic heart has been suggested as the primary factor leading to car- 
diac rhythm disturbances and can be exposed by the introduction of a 
critically timed premature ventricular stimulus that will initiate sus- 
tained ventricular tachycardia or ventricular fibrillation, or 
both.!-5 

Studies of drugs that will prevent reentrant ventricular arrhythmia 
have been extensive in recent years, but have been hampered by the lack 
of a suitable animal model capable of identifying pharmacologic agents 
with the ability to reduce the incidence of ventricular fibrillation in the 
chronically ischemic heart. In most animal models used in the study of 
antiarrhythmic drugs, myocardial ischemia is created by acute coronary 
arterial ligation. Although this procedure will lead to ventricular fibril- 
lation in a large proportion of the trials, the electrical events do not 
simulate the chronic electrical instability associated with sudden coro- 
nary death. In addition, ventricular tachycardia present 24 to 48 hours 
after experimental coronary arterial occlusion rarely culminates in 
ventricular fibrillation and is believed to be due to enhanced automa- 
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ticity in Purkinje fibers." Recently, it was demon- 
strated that a critically timed electrically induced pre- 
mature ventricular stimulus could initiate reentrant 
ventricular tachyarrythmia and ventricular fibrillation 
in dogs 2 to 9 days after acute myocardial infarction. 
This reentrant electrical activity also simulated that 
observed in patients in whom reentrant rhythms could 
be induced by programmed electrical stimulation of the 
heart.®? 

This study was undertaken for the purpose of eval- 
uating the ability of disopyramide phosphate to prevent 
reentrant arrhythmia resulting from programmed 
electrical stimulation in the presence of chronic myo- 
cardial ischemia. The electrophysiologic effects of di- 
sopyramide phosphate were evaluated in relation to 
drug plasma concentrations. The results of these studies 
in the conscious dog with experimentally induced 
chronic myocardial ischemia demonstrate that diso- 
pyramide in clinically recommended plasma concen- 
trations (2 to 4 ug/ml) is unlikely to be beneficial in 
preventing reentrant ventricular tachyarrhythmia; this 
prevention can only be accomplished with plasma 
concentrations in excess of 4 ug/ml. 


Methods 

Animal preparation: Male mongrel dogs weighing between 
14.2 and 18.0 kg were anesthetized with intravenous sodium 
pentobarbital, 30 mg/kg body weight. Each animal was intu- 
bated with a cuffed endotracheal tube and ventilated with 
room air using a Harvard respirator. With use of aseptic 
techniques, sterile catheters were implanted in the left com- 
mon carotid artery and left external jugular vein and passed 
subcutaneously to the surface through an incision in the back 
of the neck. A left thoracotomy was performed in the fourth 
intercostal space and the heart was suspended in a pericardial 
cradle. À 5 mm section of the left anterior descending coronary 
artery was dissected free from the surrounding myocardium 
at the tip of the left atrial appendage. A length of suture was 
passed around the artery and a 20 gauge needle, then securely 
tied and the needle withdrawn. Left anterior descending 
coronary arterial flow was monitored using an electromagnetic 
flow probe (Carolina Medical Electronics) before and after 
stenosis to ensure that coronary flow at rest was undisturbed. 
Silastic? tubing was used to occlude coronary flow for a period 
of 90 minutes and then flow was allowed to return through the 
stenosed artery. Lidocaine hydrochloride, 5 mg/kg intrave- 
nously followed by 5 mg/kg intramuscularly, was given to 
those animals manifesting severe ventricular arrhythmia on 
reinstitution of coronary flow. 

Electrical placements: A bipolar electrode was sewn onto 
the surface of the left atrial appendage. A second bipolar 
plunge electrode (28 gauge stainless steel, 5 to 7 mm in length) 
was placed on the right ventricular outflow tract with the 
exposed electrode tips placed in the interventricular 
septum. 

Bipolar composite electrodes were placed on the epicardial 
surface of the left ventricle. One bipolar composite electrode 
was placed over normal myocardium and the second was 
placed over ischemic and infarcted myocardium. Correct 
placement of the bipolar composite electrodes was established 
at autopsy. The electrode wires were exited through the chest 
and passed subcutaneously to the back of the neck. The chest 
was closed in layers and procaine penicillin G, 1.2 million 
units, was administered intramuscularly. 

Electrophysiologic studies: Forty-eight hours after 
myocardial infarction, the animals were conscious and resting 
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comfortably, supported in a sling. Arterial pressure was 
monitored with a Statham P23DC pressure transducer and 
recorded on a Grass model 7 polygraph. A lead II electrocar- 
diogram was monitored continuously and recorded. Bipolar 
composite electrograms, an atrial bipolar electrogram and a 
lead II electrocardiogram were recorded on a Honeywell model 
1858 Visicorder filtered at 15 to 2,500 hertz. If the ventricular 
ectopic rate was greater than 10 beats/min, the animal was 
returned to its quarters and monitored 24 hours later. If the 
rate was 10 beats/min or less, the following procedure was 
used: A Grass model SD; stimulator was used to deliver square 
wave impulses, 3 ms in duration, at a voltage twice the dia- 
stolic threshold for atrial or ventricular pacing (S; stimuli). 
A Tektronix model 565 oscilloscope and differential amplifier 
were used to trigger the output of a Grass model S88 stimu- 
lator at the peak of the R wave of the lead II electrocardio- 
gram. A Grass model S88 stimulator and SIUS stimulus iso- 
lation unit delivered 3 ms square wave pulses (Ss and $3 
stimuli) at selected delays after the peak of the R wave to the 
bipolar electrode located in the interventricular septum. Di- 
astolic threshold was determined 200 ms after the peak of the 
R wave. All subsequent premature stimuli delivered to the 
interventricular septum were 1.5 times diastolic threshold. 

The effective refractory period of the left ventricular 
myocardium was determined using square wave pulses (1.5 
times threshold, 3 ms in duration) and decreasing the R to S» 
interval until a conducted beat was not generated. Activation 
times (Q-EG intervals), the delay from the Q wave of the lead 
II electrocardiogram to the major positive spike of the normal 
zone or ischemic zone epicardial bipolar composite electro- 
grams, were determined during atrial pacing at a rate of 175 
beats/min. All electrophysiologic measurements were made 
i recordings performed at a paper speed of 100 to 400 
mm/s. 

Administration of disopyramide: Disopyramide phos- 
phate was administered by a series of two stage intravenous 
infusions as described by Wagner.!? The values for apparent 
volume of distribution (2.01 liters/kg), alpha phase elimination 
constant (44.4 hour^!), and beta phase elimination constant 
(0.55 hour~!) were obtained from earlier pharmacokinetic 
studies.!1:12 The infusion protocol was designed to reach and 
maintain successive steady state disopyramide plasma levels 
of 1, 2, 3, 4, and 8 ug/ml. An infusion of disopyramide at a rate 
of 23.3 mg/kg per hour for 4 minutes was followed by a second 
infusion of 1.09 mg/kg per hour designed to maintain plasma 
disopyramide concentrations of 1 ug/ml. The infusion rate was 
increased to 24.4 mg/kg per hour for 4.0 minutes followed by 
an infusion at a rate of 2.18 mg/kg per hour to maintain plasma 
concentrations of 2 ug/ml. The infusion rate was increased 
again to 24.4 mg/kg per hour for 4.8 minutes followed by an 
infusion at a rate of 3.28 mg/kg per hour to maintain plasma 
concentrations of 3 ug/ml. 'To increase the steady state plasma 
concentrations to 4 ug/ml, the infusion rate was increased to 
24.4 mg/kg per hour for 5.3 minutes followed by an infusion 
at a rate of 4.37 mg/kg per hour to maintain steady state 
concentrations. Steady state plasma disopyramide concen- 
trations of 8 ug/ml were achieved by increasing the infusion 
rate to 101.9 mg/kg per hour for 5 minutes followed by an 
infusion at a rate of 8.72 mg/kg per hour. A period of 20 min- 
utes was allowed to pass at each steady state plasma concen- 
tration before electrophysiologic testing was initiated. Diso- 
pyramide phosphate was administered using a Harvard model 
975 infusion pump. 

Determination of plasma disopyramide concentration: 
Blood samples (3 ml) were collected in 5 ml tubes containing 
500 units of sodium heparin. Plasma disopyramide concen- 
trations were determined with the gas chromatographic 
method of Patterson et al.!? Plasma samples were taken just 
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before and after electrophysiologic testing at each steady state 
plasma level. Plasma potassium concentrations were deter- 
mined from these samples with use of flame spectrophotom- 
etry. 

Determination of infarct size: The animals were anes- 
thetized with sodium pentobarbital, 20 mg/kg intravenously. 
The heart was excised, rinsed briefly in cold water and sliced 
from apex to base into 1 cm thick sections. The slices were 
incubated in 0.2 percent triphenyltetrazolium in 0.1 M 
phosphate buffer, pH 7.4, at 40°C for 15 minutes. Infarct size 
was determined gravimetrically and expressed as a percent 
of total left ventricular mass. 

Materials: Disopyramide phosphate and p-chlorodiso- 
pyramide phosphate were obtained from the G.D. Searle 
Company. Triphenyltetrazolium was purchased from the 
Sigma Chemical Company. All other chemicals were reagent 
grade. 

Statistical methods: Numerical values are expressed as 
the mean + standard error of the mean. Differences between 
groups were analyzed by analysis of variance. 


Results 


Rate-dependent conduction disorders: Two to 4 
days after myocardial infarction, the ventricular ectopic 
rate had decreased to 3 + 1 complexes/min, and the 
animals were entered into the study protocol. Com- 
posite bipolar electrodes were used to record left ven- 
tricular myocardial activation. Activation of ischemic 
myocardium was prolonged (82 + 13 ms) compared with 
activation of normal myocardium (49 + 11 ms) (Table 
I). Left atrial pacing was used to increase sequentially 
the ventricular rate to 300 beats/min or until the de- 
velopment of atrioventricular dissociation. As the 
ventricular rate increased, there was a significant in- 
crease in the duration of activation of ischemic myo- 
cardium whereas no change was seen in the duration of 
electrical activity in normal left ventricular myocardium 
(Table I). A further increase in the ventricular rate 
produced fractionation of the ischemic zone bipolar 
composite electrogram (Fig. 1). 

Induction of ventricular tachycardia: Two to 4 
days after myocardial infarction, programmed electrical 
stimulation was used to initiate reentrant rhythm in the 
conscious dogs. Premature ventricular stimuli were 
introduced during both normal sinus rhythm (cycle 
lengths 357 to 501 ms) and atrial pacing (cycle lengths 
284 to 454 ms). No differences were observed between 
the duration or rate of ventricular tachycardia induced 


TABLE | 


Duration of Electrical Activation of Ventricular Myocardium 
48 Hours After Myocardial Infarction 


Cycle Length Duration of Activation (ms) 
(ms) Normal Zone Ischemic Zone 
430 + 23 49+ 11 82 + 13! 
253 + 12 46+ 8 106 + 19* 


*,' Probability [p] values: * <0.05, compared with ischemic zone 
electrical activation duration at a cycle length of 430 + 23 ms, ! <0.05 
compared with normal zone. 


in any one animal by single or double premature stimul 
during either normal sinus rhythm or atrial pacing, anc 
therefore the data are grouped in Table II. In thre: 
animals, sustained ventricular tachycardia lasting i1 
excess of 2 minutes was observed. Four of eight episode 
were self-terminating. Episodes of sustained ventricula 
tachycardia producing hypotension were terminate 
with single premature ventricular stimuli (Fig. 2). In on 
animal, ventricular tachycardia proceeded to ventric 
ular fibrillation within 10 seconds of introduction of : 
single premature stimulus. 

Electrophysiologic effects of steady state plasm: 
disopyramide concentrations of 1 ug/ml: Disopy: 
ramide plasma concentrations of 1.02 + 0.02 ug/ml in 
creased both the rate and duration of the induced ven. 
tricular tachycardia and duration of ischemic zone 
asynchronous electrical activity (Table II, Fig. 3 and 4) 
The interval during which ventricular tachycardia coulc 
be induced (induction period) also was increased. The 
critical coupling interval was increased for ventricular 
tachycardia induced by single (S5) or double (S; and S) 
premature stimuli. Sustained ventricular tachycardia 
now could be induced in two animals in which only 
nonsustained ventricular tachycardia could be induced 
before administration of disopyramide. The changes 
occurred simultaneously with a decrease in the ven- 
tricular effective refractory period and a decrease in 
activation times of the ischemic myocardium (Table 
III). However, the cycle lengths at which Wencke- 
bach-like conduction of ischemic potentials occurred 
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FIGURE 1. Conduction in ischemic myocardium—effect of disopy- 
ramide. A, before administration of disopyramide, atrial pacing de- 
creases the ventricular cycle length to 226 ms; at this cycle length, 
fractionation of ventricular activation occurs. Slightly shorter cycle 
lengths produced Wenckebach-like conduction of these ischemic po- 
tentials (not shown). B, at disopyramide plasma concentrations of 2.97 
g/ml, Wenckebach-like conduction (3:1) occurs at a cycle length of 
370 ms. Ischemic electrical potentials are marked by arrows. IZ = 
ischemic zone; NZ = normal zone. 
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Electrophysiologic Variables 


Duration of 
Asynchronous Induction 
Activity Period (ms) 
(ms) S2 S3 
1005+ 83 25 3-2 37 t4 
1195+ 87* 42 + 4* 48 + 4* 
990+ 81 2406 34 4 
968 + 123 20+ 5 26 + 7* 
882 + 102* 16 X 5* 23 + 9" 


TABLE Il 
Plasma Cycle Length 
Disopyramide Reentrant of Ventricular 
Concentration Beats Tachycardia 
(ug/ml) (n) (ms) 
(before drug 6.2+ 0.8 1634 6 
administration) 
1.02 + 0.02 8.4 + 0.8* 185 1 2* 
2.05 + 0.08 5.5 £ 0.8 193 + 8" 
2.99 + 0.03 "Sac E V1 218 + 141 
3.94 + 0.09 3.6 + 0.4! 245+ 8! 
7.69 + 0.18 0.6 + 0.5! 315 + 10! 
* p «0.05, t p «0.01 compared with values before drug administration. 


were not altered from the values before drug adminis- 
tration. 

Electrophysiologic effects of increasing plasma 
disopyramide concentrations: Plasma disopyramide 
concentrations were increased sequentially to steady 
state concentrations of 2.05 + 0.08, 2.99 + 0.03, 3.94 + 
0.09 and 7.69 + 0.18 ug/ml. These increases produced 
a concentration-dependent increase in the cycle length 
of ventricular tachycardia without shortening the du- 
ration of the tachycardia until plasma levels of 7.69 + 
0.18 ug/ml were attained (Table II, Fig. 3 and 4). The 
induction periods for the premature stimuli S? and 93 
were reduced sequentially by increasing plasma diso- 
pyramide concentrations, although ventricular tachy- 
cardia could be induced in all animals at plasma diso- 
pyramide concentrations of 3.94 + 0.09 ug/ml. The 
slowing of the rate of tachycardia occurred simulta- 
neously with the depression of cardiac conduction, as 
reflected in the concentration-dependent increase in the 
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cycle length of the ventricular arrhythmia and the in- 
crease in the activation times of normal and ischemic 
myocardium. Increasing plasma disopyramide con- 
centrations also produced sequential increases in ven- 
tricular refractoriness (Table III). 

Disopyramide plasma concentrations of 7.69 + 0.18 
ug/ml were necessary to suppress completely the in- 
duction of ventricular tachycardia. In several instances, 
single or double reentrant beats were seen (Fig. 3), but 
longer runs of ventricular tachycardia could not be in- 
duced. The elevated disopyramide plasma concentra- 
tion produced considerable conduction delay in normal 
and ischemic myocardium and produced a 23 ms in- 
crease in the effective refractory period of the normal 
left ventricular myocardium (Table III). 

Plasma potassium concentrations: Plasma potas- 
sium concentrations were determined before and after 
electrophysiologic testing at each steady state plasma 
disopyramide concentration as well as before adminis- 
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FIGURE 2. Sustained ventricular tachycardia. A, sustained ventricular tachycardia is induced by a single premature stimulus. B, ventricular tachycardia 


is terminated by a single premature impulse because of hypotension. 
activation of normal myocardium (NZ) remains discrete during ventricular 


Premature stimuli are marked by narrow rectangles in A and B. Electrical 
tachycardia although ischemic zone (IZ) activation was continuous. Activatior 


of normal and ischemic myocardium was measured with bipolar composite electrodes. EKG — electrocardiogram. 
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FIGURE 3. Induced ventricular tachycardia—effect of disopyramide. A, before administration of disopyramide, a single premature stimulus elicits 


a nine beat ventricular tachycardia with a cycle length of 225 ms. B, ata 
stimulus produces sustained ventricular tachycardia at a cycle length of 2 
seconds, after which spontaneous slowing and termination were seen. C, at 


plasma disopyramide concentration of 1.02 ug/ml, a single premature 
16 ms. The ventricular tachycardia was sustained for 2 minutes and 45 
a plasma disopyramide concentration of 3.97 ug/ml, a single premature 


stimulus elicits a ventricular tachycardia of three beats having a cycle length of 419 ms. D, ata plasma disopyramide concentration of 7.72 ug/ml, 
two premature stimuli produce a single reentrant beat. Activation of normal myocardium (NZ) remained discrete in the composite electrogram 
whereas ischemic zone activation (IZ) was continuous during ventricular tachycardia. 


tration of disopyramide. Before administration of di- 
sopyramide, the plasma potassium concentration was 
3.8 + 0.1 mEg/liter and did not change significantly 
throughout the course of the experiment. 

Infarct size: Occlusion of the left anterior descending 
coronary artery for a period of 90 minutes followed by 
reperfusion of the ischemic myocardium produced in- 
farct masses of 3.2 to 34.6 g, representing 3.0 to 34.0 


TABLE Ill 


Effective Refractory Periods and Changes in Q-EG Interval 
(mean values + standard error of the mean) 


a re 


Plasma Effective 
Disopyramide Refractory 
Concentration Periods AQ-EG (ms) 
(ug/ml) (ms) Normal Zone Ischemic Zone 
(before drug 142 +8 
administration) 
1.02 + 0.02 138 + 9* 70.2 + 0.3 —3.9 + 1.6* 
2.05 + 0.08 146 + 8* 0.2+0.3 4.2+ 0.9" 
2.99 + 0.03 147 + 9* 0.6 + 0.2* 7.8 «E 1.2* 
3.94 + 0.09 148 + 10* 1.9 + 0.6* 9.8 + 0.9! 
7.69 + 0.18 165 + 3! 4.6 t 0.7* 18.5 + 2.9! 


* p <0.05, t p «0.01 compared with values before drug adminis- 
tration. 

Q-EG = interval from the initiation of the Q wave of lead II to the major 
deflection in the bipolar electrogram; AQ-EG = change from the value 
obtained before drug administration (value before drug administration 
= 0). 


percent of the left ventricular mass (mean 19.4 + 3.8 
percent). The infarcts were located subendocardially 
and did not extend to the epicardial surface. 


Discussion 


Improved activation in ischemic myocardium and 
induction of reentrant tachyarrhythmia with 
subtherapeutic concentrations: Steady state plasma 
disopyramide concentrations of 1.02 + 0.02 ug/ml in- 
creased the duration and decreased the cycle length of 
reentrant ventricular tachycardia. This action is not 
unique to disopyramide: El-Sherif and Lazzara!4 have 
shown verapamil to improve conduction in ischemic 
canine myocardium by improving depressed phase 0 
maximal upstroke velocity of Purkinje fibers. In addi- 
tion, verapamil has been shown to decrease the cycle 
length of reentrant ventricular tachycardia and to in- 
crease the incidence of ventricular fibrillation in dogs 
3 to 5 days after myocardial ischemic injury.!© Although 
there are few similarities in the mechanisms of action 
of disopyramide and verapamil, these data suggest that 
improvement of depressed conduction in ischemic 
myocardium may result in increased rates of ventricular 
tachycardia and an increased incidence of ventricular 
fibrillation. 

Reddy and co-workers!®-!7 demonstrated that sub- 
therapeutic concentrations of procainamide facilitated 
the induction of tachyarrhythmia in human subjects. 
Nonsustained ventricular tachycardia became sustained 
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FIGURE 4. Induced ventricular tachycardia—effect of disopyramide. L 
before and after administration of disopyramide. A, double premature s 
(VT CL) of 102 ms. B, at a plasma disopyramide concentration of 1.02 ug/ 
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ead Il electrocardiograms and arterial blood pressure tracings are shown 
timuli produce a 10 beat run of ventricular tachycardia with a cycle length 
ml, the tachycardia increases to 20 beats at a cycle length of 94 ms after 


two premature stimuli. The period of induction of tachycardia (IP) increases from 29 to 40 ms whereas the effective refractory periods (ERP) is 
reduced from 142 to 135 ms. C,D,E, increasing plasma disopyramide concentrations of 1.98, 2.98 and 3.93 ug/ml produce lengthening of the cycle 
lengths of the induced ventricular tachycardia to 146, 164 and 204 ms, respectively, and decrease the duration of the ventricular tachycardia. Only 
modest reductions of the induction periods and small increases in the effective refractory periods are seen. F, two premature stimuli produce a 
reentrant couplet with a cycle length of 304 ms. The induction period of this couplet was 2 ms. 


after administration of procainamide, and reentrant 
rhythms could be induced only after its administration. 
Horowitz et al.!8 observed similar results when they 
administered procainamide to survivors of apparent 
sudden coronary death whose nonsustained reentrant 
rhythm became sustained ventricular tachycardia. They 
reported that a decrease in conduction velocity occurred 
simultaneously with facilitated reentry and postulated 
that procainamide facilitated reentry by slowing con- 
duction velocity to a greater degree than it increased 
ventricular refractoriness. Larger doses of procainamide 
prevented the induction of reentrant cardiac rhythms. 
In our study with disopyramide, depression of cardiac 
conduction was not observed at the time when the pe- 
riods required for induction of reentrant rhythms were 
increased; rather, there was an improvement in myo- 
cardial activation in ischemic myocardium. 

The electrophysiologic actions of subtherapeutic 
concentrations of disopyramide have not previously 
been investigated. However, “therapeutic concentra- 
tions” of disopyramide have been shown to produce 
decreases in the rate of phase 0 depolarization of canine 
Purkinje fibers!?-?! and in myocardial conduction ve- 


locity.22 Improvement in cardiac conduction has not 
been reported. The direct depressant actions of diso- 
pyramide may predominate at higher concentrations 
whereas at lower concentrations the drug might act in- 
directly through an antagonism of muscarinic cholin- 
ergic receptors.??-?» 

Increased activation time and ventricular re- 
fractoriness with high plasma concentrations: In- 
creasing plasma concentrations of disopyramide pro- 
duced progressive increases in ventricular activation 
times and in ventricular refractoriness in normal and 
ischemic myocardium. The increases in activation times 
of ischemic myocardium were greater than those in 
normal myocardium. Slowing of the cardiac impulse 
through ventricular myocardium comprising the reentry 
circuit is a possible factor involved in the slowing of the 
ventricular tachycardia after administration of diso- 
pyramide, although the role of increased myocardial 
refractoriness is unknown. 

Increasing steady state disopyramide plasma con- 
centrations slightly reduced the periods required for 
induction of ventricular tachycardia. Reduction of this 
critical interval may be somewhat beneficial, but com- 
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plete prevention of the induction of ventricular tachy- 
cardia may be necessary for prevention of sudden cor- 
onary death. Ruskin and Garan% demonstrated that 
antiarrhythmic drug therapy that renders ventricular 
tachycardia noninducible by programmed cardiac 
stimulation constitutes effective prophylaxis against 
spontaneous recurrent sustained ventricular tachy- 
cardia in the majority of patients studied. Josephson et 
al.?? showed that failure to maintain plasma concen- 
trations of antiarrhythmic drugs at levels previously 
shown to be effective in preventing the induction of 
sustained ventricular tachycardia can lead to the re- 
currence of sustained ventricular tachycardia or sudden 
coronary death. The 25 to 40 percent reduction in the 
period required for induction of sustained tachycardia, 
seen in our study at plasma disopyramide concentra- 
tions of 3.94 + 0.09 ug/ml, may be ineffective in pre- 
venting sudden coronary death because only concen- 
trations of 7.69 + 0.18 ug/ml prevented electrical in- 
duction of ventricular tachyarrhythmia (Table II). 

It is not surprising that high plasma disopyramide 
concentrations are needed for suppression of induction 
of ventricular tachycardia. Benditt et al.28 reported that 
disopyramide plasma concentrations that prevented the 
induction of ventricular tachycardia in human subjects 
were in excess of 3 ug/ml (mean nearly 5 ug/ml). Simi- 
larly, procainamide's effectiveness was reported to re- 
quire plasma concentrations in excess of 9 ug/ml 
whereas quinidine plasma concentrations necessary for 
prevention of induction of ventricular tachycardia were 
in excess of 3 ug/ml.?5-?? Thus, the plasma concentra- 
tions of antiarrhythmic agents necessary for prevention 
of sudden coronary death may be higher than currently 
accepted “therapeutic concentrations.” However the 
“high” plasma concentrations of antiarrhythmic drugs 
may prove to have deleterious actions on cardiac elec- 
trophysiology and myocardial function.29-3! 

Clinical implications: The majority of cardiac 
deaths are sudden and most likely due to a "primary" 
arrhythmic event most often characterized by ventric- 
ular fibrillation. Endeavors to prevent sudden coronary 
death with pharmacologic means have resulted in nu- 
merous reports in which drugs have been claimed to be 


"effective" solely because of their ability to reduce the 
frequency of premature ventricular complexes. This 
study, although conducted in the experimental animal, 
might provide some important insights into an under- 
standing of why there often exists a lack of a predictable 
relation between the ability to suppress chronic 
asymptomatic complex ventricular arrhythmia and 
ventricular fibrillation or sudden coronary death. As 
demonstrated in the canine model using programmed 
cardiac stimulation in the presence of latent electrical 
instability, concentrations (2 to 4 ug/ml) of disopy- 
ramide known to reduce or prevent complex premature 
depolarizations were unable to prevent the induction 
of sustained reentrant ventricular tachyarrhythmia. 
The suggestion that recurrent episodes of ventricular 
tachycardia or ventricular fibrillation, or both, might 
be prevented by relatively high plasma concentrations 
of disopyramide has important implications with re- 
spect to future clinical trials designed to explore the 
prophylactic use of this drug in the patient at risk of 
sudden coronary death. A beneficial effect might not be 
realized if such trials follow current "therapeutic" 
guidelines in suggesting maintenance of plasma con- 
centrations of 2 to 4 ug/ml. However, the negative ino- 
tropic effect of disopyramide may preclude the use of 
higher dosage regimens in patients with compromised 
left ventricular function. 

We are entering an era in which the pharmacologic 
prevention of sudden coronary death may soon become 
a reality. The task of identifying the proper agent or 
agents will not be a simple one; a single approach to the 
prevention of ventricular fibrillation is probably not 
attainable because the arrhythmia probably results 
from the interplay of many mechanisms, the most im- 
portant of which is an acute or chronic state of electrical 
instability. The animal model used in our study has the 
advantage over previous models of more closely repre- 
senting the clinical state associated with sudden coro- 
nary death. It may be useful in exploring the patho- 
physiologic processes that render the myocardium 
vulnerable to ventricular fibrillation and in studying 
how pharmacologic agents act to prevent a fatal elec- 
trical event. 
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A study was performed in 33 dogs to ascertain (1) whether the “no reflow" 
phenomenon is a critical factor determining the time beyond which re- 
vascularization can no longer salvage ischemic myocardium, and (2) 
whether reperfusion damages tissue not otherwise destined to become 
necrotic. Twelve dogs were subjected to 2 hours of coronary occlusion 
followed by 4 hours of reperfusion, 10 dogs to 4 hours of occlusion followed 
by 2 hours of reperfusion and 11 dogs to 6 hours of coronary occlusion 
alone. The area of “no reflow” was determined by injecting a fluorescent 
dye into the left atrium at the end of 6 hours with the coronary artery 
patent, and the ischemic area at risk by injecting methylene blue dye into 
the left atrium with the coronary artery reoccluded. The area of necrosis 
on all 5 mm transverse ventricular sections was determined by incubation 
in triphenyltetrazolium chloride stain and compared with its respective 
area at risk and area of no reflow. In all dogs the no reflow area was al- 
ways significantly smaller than, and contained topographically within, 
the area of necrosis. Furthermore, the area of necrosis expressed as a 
percent of the area at risk was significantly smaller for dogs with 2 or 4 
hours of occlusion and reperfusion than for dogs with longer periods of 
occlusion and briefer periods of reperfusion. It is concluded that (1) the 
no reflow phenomenon does not determine the critical time for salva- 
geability of myocardium by revascularization because the area of no 
reflow is surrounded by necrotic but reperfusable tissue, and (2) reper- 
fusion does not increase the quantity of ischemic tissue that becomes 
necrotic. 


During the last decade many interventions have been shown experi- 
mentally to protect ischemic myocardium from necrosis.!-? One of the 
most attractive of these experimental methods is early reperfusion be- 
cause it has direct application to treatment of clinical myocardial isch- 
emia with coronary vasodilator agents,‘ intracoronary streptokinase 
administration and coronary arterial bypass grafting.? A potentially 
important complicating aspect of early reperfusion is the “no reflow” 
phenomenon, which has been defined in the canine heart as a region of 
myocardium that does not allow normal reflow of blood during reper- 
fusion after experimental coronary occlusion of 90 minutes or longer.® 
The no reflow phenomenon is one of several controversial issues con- 
cerning reperfusion, all related to whether early reperfusion is beneficial 
to ischemic myocardium, or whether it causes more tissue and vascular 
damage than that resulting from sustained coronary occlusion. Specif- 
ically, there is considerable debate regarding the role of microvascular 
injury that occurs as a consequence of ischemia. It is not clear whether 
it is a result of the necrotic process or whether it prevents reperfusion 
from salvaging ischemic but viable myocardial tissue, thereby increasing 
the extent of necrosis. 

The present study was designed to characterize the spatial geometry 
and regional myocardial blood flow of the area of no reflow and to de- 
termine whether the no reflow phenomenon contributes to necrosis or 
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is a result of the necrotic process in tissue already irre- 
versibly injured and therefore not salvageable by any 
intervention including reperfusion. A secondary goal 
was to determine whether the no reflow phenomenon, 
or the development of a nonperfusable region of myo- 
cardium, is a time-limiting factor determining the ex- 
tent to which reperfusion or revascularization can sal- 
vage ischemic myocardium. The answer to this question 
would have a profound influence on the feasibility and 
success of early revascularization in human beings. 


Methods 


Experimental preparation: Forty-one mongrel dogs of 
either sex weighing 20 to 34 kg were anesthetized with thi- 
amylal sodium (30 mg/kg body weight intravenously), intu- 
bated and ventilated with a Harvard respirator delivering 
room air with a tidal volume of 15 ml/kg. Thoracotomy was 
performed through the fifth left intercostal space. After the 
lungs were retracted and the heart suspended in a pericardial 
cradle, the left anterior descending coronary artery was gently 
dissected free from adjacent epicardium immediately above 
the first diagonal branch approximately 2 cm from the origin 
of the left coronary artery (Fig. 1). Polyethylene catheters were 
placed in the left atrium for injections of dyes and radiolabeled 
microspheres, in the left carotid artery for measuring arterial 
pressure and for withdrawal of a reference blood sample 
during microsphere injection, and in the left jugular vein for 
administering intravenous injections. 

The left anterior descending coronary artery was occluded 
with a Schwartz vascular clip above the first diagonal branch. 
All dogs received an intravenous bolus infusion of lidocaine, 
1.5 mg/kg, immediately after coronary occlusion. Fifteen 
minutes after occlusion, regional myocardial blood flow was 
determined by injecting approximately 2.0 X 108 radioactive 
microspheres, 8 to 10 u in diameter and labeled with cerium- 
141. After injection of the microspheres, 0.5 ml/kg of a 4 per- 
cent solution of sodium fluorescein was injected into the left 
atrium, and the epicardial region of low perfusion was deter- 
mined using an ultraviolet light source at 340 my to detect 
fluorescent (perfused) and nonfluorescent (nonperfused) 
epicardium. If observed within 15 seconds of injection, the 
nonfluorescent region represents epicardial tissue with a re- 
gional myocardial blood flow of less than 0.4 ml-min "g^! 
(Darsee JR, Kloner RA, unpublished observations). The 
nonfluorescent region always coincided geographically with 
the area of epicardial cyanosis observed with standard 
lighting. 

Protocol: Thirty minutes after occlusion of the left anterior 
descending artery, the dogs were randomly assigned to one of 
three groups: (1) Group I (dogs subjected to 2 hours of coro- 
nary occlusion followed by 4 hours of reperfusion), (2) Group 
II (dogs subjected to 4 hours of coronary occlusion followed 
by 2 hours of reperfusion), or (3) Group III (dogs subjected to 
6 hours of coronary occlusion). Dogs with an extremely small 
area of nonfluorescent epicardium (approximately less than 
9 cm?) resulting from extensive collateral flow from unoc- 
cluded vessels, and dogs having even one episode of ventricular 
fibrillation were excluded before the randomization. The 
fluorescein was completely washed out of the myocardial 
vessels within 30 minutes. 

Six hours after occlusion, four dogs in each group had a 
second left atrial injection of microspheres labeled with tin- 
113 with the coronary clamp released. In the eight dogs with 
2 and 4 hour occlusions, the clamp had already been released 
for 4 and 2 hours, respectively, to permit correlation of regional 
myocardial blood flow at 6 hours with the spatial geometry 
and transmural distribution of dyes (described later). 


At the end of 6 hours, all dogs received a left atrial injection 
of thioflavin-S, 0.5 mg/kg, with the coronary arterial clamp 
released. Thioflavin-S is a fluorescent dye that stains capillary 
endothelium, and its absence was used to identify the area of 
no reflow. This injection was followed rapidly by a left atrial 
injection of methylene blue, 3 ml/kg, with the left anterior 
descending artery reoccluded to determine the in vivo area at 
risk for development of necrosis. We? have previously shown 
that myocardium not perfused by an in vivo left atrial injec- 
tion of methylene blue has measured values for regional 
myocardial blood flow of less than 0.4 ml-min ^g! tissue. 
Ventricular fibrillation or cardiac standstill was induced by 
barbiturate overdose and the hearts were excised rapidly and 
placed on ice. 

Measurement of area of necrosis, area at risk and area 
of “no reflow”: The right ventricle, epicardial fat and valve 
tissue were removed and the left ventricle was separated from 
the left atrium at the atrioventricular ring. The hearts were 
frozen rapidly in liquid Freon®, and the left ventricle was 
sliced into 5 mm thick transverse sections with use of a rotary 
blade and allowed to thaw. A clear glass plate was placed over 
both sides of each slice, and inner and outer margins of each 
slice were traced on a clear acetate sheet. With the aid of an 
ultraviolet light source (340 my), the areas not perfused by 
thioflavin-S after release of the coronary occlusion (area of no 
reflow) were traced on the same sheet. Then, the areas not 
perfused by methylene blue during coronary occlusion (area 
at risk) were also traced on the same acetate sheet. To deter- 
mine the extent of myocardial cell injury, the slices were in- 
cubated in prewarmed (37° C) triphenyltetrazolium chloride 
(TTC) for 20 minutes as previously described.? Triphenyl- 
tetrazolium chloride stains normal myocardial tissue con- 
taining lactic dehydrogenase bright red; irreversibly injured 
tissue, depleted of lactic dehydrogenase, is not stained by TTC 
and remains pale yellow. 

We have recently shown (Kloner RA, Darsee JR, unpub- 
lished observations) that as early as 6 hours after coronary 
occlusion, tissue that stains positive (red) in TTC dye is nor- 
mal by ultrastructural examination except for partial deple- 
tion of glycogen, a finding to be expected after a 10 to 20 
minute period of autolysis during incubation in TTC. In 
contrast, tissue just within the border of TTC-unstained (pale 
yellow) tissue showed the following ultrastructural features 
of irreversible ischemic myocardial cell injury: disruption of 
sarcomere register, profound glycogen depletion, subsarco- 
lemmal and intermyofibrillar edema, swollen mitochondria 


LEFT 
ATRIAL 
CATHETER 







SCHWARTZ 
CLAMP 


ISCHEMIC 
TISSUE 


FIGURE 1. Drawing of the experimental preparation, depicting the left 
mid lateral region of the left ventricle. The Schwartz clamp was used 
to occlude the left anterior descending coronary artery and the left atrial 
catheter was used for injection of radioactive microspheres and dyes. 
The stippled region represents the ischemic bed. 
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FIGURE 2. The four zones of myocardium from which tissue was dis- 
sected for analysis of regional myocardial blood flow (see text). 


with disrupted cristae, and amorphous dense bodies within 
the mitochondria. Thus, TTC can be used to identify irre- 
versibly injured (“infarcted”) tissue as early as 6 hours after 
coronary occlusion, despite the absence of the usual features 
of necrosis on routine light microscopy. There was no evidence 
of partial or incomplete staining by TTC dye, and there were 
no zones of tissue with intermediate ultrastructural changes. 
Infarcted and noninfarcted areas on both sides of each slice 
were traced on a second clear acetate sheet. 

The following values were obtained by computation using 
planimetric measurements: (1) the area of no reflow (An, = 
ratio of nonfluorescent areas to total areas of all slices); (2) the 
area at risk (A, = ratio of areas not perfused by methylene blue 
to total areas of all slices); and (3) area of necrosis (A, = ratio 
of areas not stained by TTC to total areas of all slices). 

Regional myocardial blood flow: With the acetate sheet 
with the Anr and A, tracings placed over the TTC-stained 
sections as a guide, left ventricular tissue was dissected for 
determination of regional myocardial blood flow from the 
following four regions (Fig. 2): (1) area of no reflow (zone 1), 
(2) tissue within the area of necrosis but outside the area of 
no reflow (zone 2), (3) methylene blue-perfused tissue just 
outside the lateral border of the area at risk (zone 3), and (4) 
normal myocardium distant from the area at risk (zone 4). The 
dissected pieces of tissue were weighed (all were between 1.0 
and 1.4 g), and regional myocardial blood flow and cardiac 
output were calculated.9.!0 


Results 


Experimental groups: Of the 41 dogs, 6 were ex- 
cluded because of ventricular fibrillation in the first 15 
minutes after left anterior descending coronary arterial 
occlusion and 2 were excluded because the nonfluo- 
rescent region of epicardium after fluorescein injection 


TABLE | 


was less than 9 cm?. Of the remaining 33 dogs, 12 wer 
randomly assigned to Group I, 10 to Group II and 11 t 
Group III. None of these dogs had ventricular fibrilla 
tion, although several had premature ventricular com 
plexes and brief runs of ventricular tachycardia tha 
responded to administration of lidocaine. The mea: 
body weight, total dose of anesthesia, initial and pre 
terminal heart rates, mean arterial pressure and tota 
dose of lidocaine (Group I = 120 + 5 mg [mean + stan 
dard error of the mean]; Group II = 116 + 4 mg; Grou 
III = 126 + 5 mg) did not differ statistically in the thre 
groups. Each dog received at least 3 mg/kg of lidocain 
and small supplemental doses as required. After 2 or: 
hours of occlusion, reperfusion was not associated wit] 
prolonged tachyarrhythmias in Group I or II, althoug! 
several dogs had brief episodes (less than 10 seconds 
of ventricular tachycardia. 

Myocardial fluorescence and staining: Thioflav 
in-S exhibited uniform fluorescence in the myocardiun 
(capillary endothelium) supplied by the unocclude 
coronary beds and from subepicardial regions within th: 
area at risk, but did not fluoresce from subendocardia 
regions within the area at risk. Methylene blue stainec 
the myocardium transmurally in regions of the lef 
ventricle supplied by unoccluded coronary beds but dic 
not stain the myocardium supplied by the occludec 
portion of the left anterior descending coronary artery 
Nonnecrotic tissue incubated in TTC stained deep red 
necrotic tissue appeared unstained and pale yellow. 

Areas of necrosis, risk and “no reflow”: The mea: 
area at risk expressed as a percent of the left ventricle 
did not differ statistically (probability [p] value no: 
significant by Student's t test) in Groups I (23.4 + 3.7 
percent), II (25.7 + 2.1 percent) and III (26.9 + 1.§ 
percent) (Table I). However, the three groups mani 
fested important differences in both the areas of nc 
reflow (Anr) and the areas of necrosis (A4) when thes 
were expressed as a percent of the area at risk (A,). Dog: 
in Group I (2 hours of coronary occlusion, 4 hours o! 
perfusion) had the smallest Anr (11.5 + 2.2 percent o! 
Ar) and A, (39.1 + 3.2 percent of A,). In Group II (4 
hours of occlusion, 2 hours of reperfusion), Anr and A, 
were both larger (33.4 + 2.8 percent and 84.5 + 4.1 
percent of the A,, respectively; both values, p «0.01 
compared with values in Group I). In Group III, A,, 
(46.7 + 5.2 percent of A,) and A, (96.3 + 1.5 percent of 
Ar) were even larger than in Group II (both p «0.01 
compared with values in Group I or II). In all dogs the 


Relations Among Area of No Reflow, Area of Necrosis and Area At Risk Determined From Transverse Ventricular Sections 


Group | 


Duration of coronary occlusion (h) 
Duration of reperfusion (h) 

Area at risk (A) (% total left ventricle) 23 
(An/ A,) X 100 (96) 39. 
(Anr/An) X 100 (96) 29 
(Anr/Ar) X 100 (96) 11 


* Statistically different (p <0.01) from the mean value + standard error of the mean in Grou 


Group Il; all values for areas are mean + standard error of the mean. 


An = area of necrosis; Anr = area of "no reflow’; A, = area at risk. 


Group Il Group II! 
4 6 
2 0.033 
29.7 3: 2.1 26.9 + 1.8 
84.5 + 4.1* 96.3 + 1.5 
39.5 + 3.6* 48.5 + 3.8 
33.4 + 2.8* 46.7 + 5.2 
p Ill by Student's t test. t p <0.01 compared with 
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area of no reflow was contained topographically within 
necrotic tissue, was always smaller than the area of ne- 
crosis and occupied its subendocardial portion (Fig. 3 
and 4). 

Regional myocardial blood flow: The results of 
measurements obtained 15 minutes after occlusion 
(Table II) showed no significant group differences 
among mean flow values in either ischemic or nonisch- 
emic tissue. Furthermore, the comparison of flow values 
during reperfusion measured 6 hours after occlusion 
with values measured 15 minutes after occlusion showed 
no significant increase in regional myocardial blood flow 
within the area of no reflow (zone 1) even with 4 hours 





FIGURE 3. Transverse ventricular section in a dog with 6 hours of 
coronary occlusion. Upper left, the area at risk is represented by the 
lighter region unstained by methylene blue. Upper right, same section 
showing the black, nonfluorescent area of no reflow (within the arrows). 
Bottom, same section after incubation in triphenyltetrazolium chloride 
stain showing the area of necrosis (lighter region) for this slice and the 
darker, stained noninjured tissue. 


aAcsamhar 1920 The American Journal of CARDIOLOGY Volume 46 


of reperfusion. However, the necrotic tissue just outside 
the border of the area of no reflow (zone 2) in Groups I 
and II showed a rise in regional myocardial blood flow 
after reperfusion to at least 71 percent of values in 
normal tissue, even though this tissue remained necrotic 
(Fig. 5). Although this improvement in regional myo- 
cardial blood flow was not as striking in necrotic tissue 
in Group III, there was an increase over values obtained 
15 minutes after occlusion. 


Discussion 


Four conclusions can be drawn from this study: (1) 
The area of no reflow during reperfusion is smaller than, 
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TABLE Il 


Regional Myocardial Blood Flow (RMBF) Immediately After Left Anterior Descending (LAD) Coronary Occlusion and at 6 


Hours After Release of Occlusion 


—————————————————————————— M 


RMBF 


15 minutes after LAD occlusion (ml-min^ '-g^ *; n = 33) 
Zone 1 
Zone 2 
Zone 3 
Zone 4 
6 hours after release of LAD occlusion (ml-min^ '-g^ *; n = 12) 
Zone 1 
Zone 2 
Zone 3 
Zone 4 


* Statistically different from values for regional myocardial blood flow 15 minutes after coronary occlusion 


comparison). ! p < 0.05. 
Zones 1, 2, 3 and 4 are as depicted in Figure 1. 


and contained within, the borders of the area of necrosis; 
(2) the area of no reflow is not a time-limiting factor 
determining the extent to which reperfusion or revas- 
cularization can salvage ischemic myocardium because 
it is surrounded by tissue that is necrotic; (3) although 
regional myocardial blood flow does not increase during 
reperfusion in necrotic tissue within the area of no re- 
flow, improvement in flow does occur in surrounding 
necrotic tissue, thus suggesting that the microvascu- 
lature in this region remains intact; and (4) reperfusion 
does not appear to increase the quantity of ischemic 
tissue that becomes necrotic because coronary occlu- 
sions of briefer duration followed by reperfusion re- 
sulted in substantially less necrosis after 6 hours than 
did longer occlusions with briefer periods of reperfu- 
sion. 

Efficacy of reperfusion in preserving ischemic 
myocardium: There are many methods of protecting 
ischemic myocardium from necrosis in animals during 
experimental coronary occlusion or in patients with 
acute myocardial infarction.?11-1? The most direct ex- 
perimental approach to the preservation of myocardial 
cells has been to increase the supply of oxygen and 
metabolic substrates by restoring or at least improving 
blood flow to the occluded vascular bed. However, 
conflicting results regarding the efficacy of reperfusion 
have been reported. Maroko et al.!* showed that after 
3 hours of coronary occlusion in anesthetized dogs, re- 
perfusion was accompanied by significantly less de- 





GROUP I 


FIGURE 4. Representative drawings of the topographic relations among 
the area of no reflow (stippled region), the area of necrosis (hatched 
region plus the stippled region) and the ischemic area at risk (white 
region plus the area of necrosis) for the three groups of dogs. The area 
of no-reflow was always smaller than, and contained within, the area 
of necrosis. 


GROUP II GROUP II 


Group | Group Il Group III 
0.11 X 0.01 0.15 + 0.02 0.19 + 0.02 
0.20 + 0.02 0.24 + 0.01 0.26 + 0.03 
0.61+ 0.01 0.58 + 0.03 0.56 + 0.02 
1.05 + 0.02 1.02 + 0.03 1.04 + 0.02 
0.10 + 0.01 0.13 + 0.03 0.18 + 0.02 
0.78 + 0.05* 0.71 + 0.04* 0.45 + 0.031 
1.00 + 0.03* 0.94 + 0.05* 0.91 + 0.07* 
1.07 + 0.04 1.01 + 0.05 1.09 + 0.04 
(p «0.01; Student's t test for pairec 


pression of myocardial creatine kinase activity and 
histologic necrosis than those found in dogs with per- 
manent occlusion. Reimer et al.!^ also showed that re- 
perfusion after 40 minutes to 6 hours of coronary oc- 
clusion resulted in significantly smaller myocardial 
infarcts than those found with permanent coronary 
occlusions of 2 to 4 days’ duration. Constantini et al.!* 
reported that, in dogs subjected to permanent coronary 
occlusion for 7 days, ventricular function remained 
depressed throughout the 7 day period and infarcted 
area averaged 32 percent of the left ventricle. In dogs 
with 3 hours of coronary occlusion followed by 7 days 
of reperfusion, ventricular function gradually returned 
to preocclusion values and the infarcted area was only 
14 percent of the left ventricle. 

Not all studies have shown that reperfusion is bene- 
ficial. For example, in intact conscious dogs Mathur et 
al.’ produced coronary occlusion that was either per- 
manent for 7 days or of 2 or 5 hours' duration and fol- 
lowed by reperfusion for 7 days. 'They found that the 
dogs with reperfusion were more likely to have ar- 
rhythmias, earlier development of electrocardiographic 
Q waves and accelerated hemodynamic deterioration 
in the postreperfusion period. In another study! re- 
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FIGURE 5. Comparison of values for regional myocardial blood flow 
(RMBF) 15 minutes after occlusion with values obtained after 6 hours 
with the left anterior descending (LAD) coronary arterial clamp removed. 
In all three groups of dogs, the increase in regional myocardial blood 
flow in zone 2 was significantly greater at 6 hours even though the tissue 
was necrotic. 
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perfusion after 3 hours of coronary occlusion in the pig 
resulted in extensive intramyocardial hemorrhage and 
no evidence of improvement in myocardial function. 
Hemorrhagic areas in the heart were found at necropsy 
in patients who underwent coronary bypass surgery in 
the first 7 days after myocardial infarction.!? Ultra- 
structural evidence of apparent acceleration of necrosis 
and explosive cell swelling were described in severely 
ischemic tissue after reperfusion??; however, because 
this phenomenon occurred only in irreversibly injured 
tissue its significance is uncertain. Reperfusion did not 
seem to enlarge the area of necrosis, but only accelerated 
the process within a given quantity of irreversibly in- 
jured tissue. 

The area of no reflow: One factor influencing the 
effects of reperfusion was not examined in these previ- 
ous studies: the no reflow phenomenon, which was ob- 
served in the anesthetized dog with a temporary oc- 
clusion of the left circumflex coronary artery. After 40 
minutes of ischemia plus arterial reperfusion, injected 
fluorescent dyes were evenly distributed throughout the 
damaged tissue. In contrast, when reflow was allowed 
after 90 minutes of ischemia, portions of the inner 
subendocardial half of damaged myocardium (in the 
posterior papillary muscle) were not perfused by the 
dyes. Electron microscopy of this poorly perfused tissue 
showed severe capillary damage, decreased numbers of 
pinocytic vesicles, intraluminal fibrin thrombi and ex- 
travascular fibrin deposits and erythrocytes. Myocardial 
cells were swollen in both poorly perfused and well 
perfused irreversibly injured tissue. Contraction bands 
and intramitochondrial calcium accumulation were 
prominent features of irreversible injury with reflow at 
40 minutes but were not noted after 90 minutes of 
ischemic injury in regions with poor perfusion. However, 
the exact spatial relations among the area of no reflow, 
the area of necrosis, and the area of potentially sal- 
vageable myocardium within the ischemic area at risk 
were not determined in the previous study. In the 
present study, the area of no reflow was always suben- 
docardial and confined well within the limits of myo- 
cardial cell necrosis as determined by the T'TC tech- 
nique. Portions of the outer myocardial wall within the 
area at risk received significant reflow that resulted in 
subepicardial myocardial salvage. 

Reperfusion and role of microvascular damage: 
Although the results of experimental studies of the ef- 
ficacy of reperfusion have been contradictory, the 
quantity of tissue salvageable by reperfusion appears 
to be determined primarily by the length of occlusion 
and is not influenced by the presence of tissue that is no 
longer perfusable. This conclusion is consistent with 
other observations in our laboratory?! showing that in 
dogs subjected to coronary occlusions of only 20 min- 


utes' duration, ultrastructural evidence of myocardial 
cell injury preceded evidence of microvascular damage. 
Both myocardial cell injury and microvascular damage 
progressed between 40 and 90 minutes of occlusion, but 
microvascular damage remained confined within areas 
that already showed severe myocardial cell injury, thus 
suggesting that microvascular damage was not a pri- 
mary cause of myocardial cell injury. In a study of closed 
chest dogs subjected to 5.5 hours of coronary occlusion 
and 30 minutes of reperfusion, Fishbein et al.?? found 
that the extent of hemorrhage and vascular injury 
evaluated histologically was less than the extent of 
myocardial infarction evaluated with both triphenyl- 
tetrazolium chloride-staining and histologic study, and 
was contained within the central and subendocardial 
portions of the infarcted tissue. They concluded that 
reperfusion hemorrhage occurs only within infarcted 
tissue manifesting severe vascular injury before reper- 
fusion and that hemorrhage with reperfusion does not 
increase myocardial infarct size. 

Clinical implications: Whether the no reflow phe- 
nomenon occurs in human patients has not yet been 
determined. With the current interest in the use of 
pharmacologic agents that increase blood flow to the 
ischemic bed, and in the light of recent reports of suc- 
cessful and beneficial early revascularization,?? the 
presence of a no reflow phenomenon in human subjects 
could have important clinical implications. Damaged 
tissue that cannot be reperfused would be uninfluenced 
by any form of drug therapy or by flow provided by 
coronary bypass grafting. However, because this non- 
reperfusable region appears to occupy a portion of a 
larger surrounding necrotic zone, its effects on the sal- 
vageability of surrounding tissue are probably negligi- 
ble. The perfusable part of the necrotic zone is also not 
likely to be influenced by interventions, although its 
rate of healing may be affected. The ischemic tissue 
outside the area of necrosis is the region of myocardium 
on which coronary vasodilators, early revascularization 
surgery and other preservation efforts will have their 
most profound influence. The ability to preserve isch- 
emic myocardium depends on the efficacy of the indi- 
vidual agent, the time of its administration and the 
quantity of ischemic but still viable tissue. The latter 
is influenced primarily by the duration of the period 
between the onset of ischemia and the time of the in- 
tervention, and not by the existence, distribution or 
spatial geometry of the no reflow phenomenon. 
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2% nitroglycerin) 
‘Transdermal Ointment 


For prolonged prophylactic action 


‘Cutaneous administration of Nitroglycerin 
ointment (NITRO-BID®) in patients with angina 
oectoris exhibits prolonged action with 
evidence of pharmacological activity evident 
Jp to eight hours after application.’ 


* ..data indicate that nitroglycerin ointment 
(NITRO-BID®) exerts profound reduction of 
peripheral arteriolar and venous tone with 
resultant alterations in left ventricular hemo- 
dynamic variables which afford enhancement 
of exercise tolerance and reduced ischemia"? 


Patient- 
titratable 
dosage 





Brief Summary: 


Description: Nitroglycerin 2% (glyceryl trinitrate) and lactose in a special absorptive 
lanolin and white petrolatum base. 

Action: Nitroglycerin is continuously absorbed through the skin into the circulation, 
thus exerting prolonged vasodilator effects. 


indications: For the prevention and treatment of angina pectoris due to coronary 
onery disease. 


Contraindications: in patients known to be intolerant of the organic nitrate drugs 


Warnings: in acute myocardial infarction or congestive heart failure, nitroglycerin 
ointment should be used under careful clinical and; or hemodynamic monitoring. 


Precautions: Symptoms of hypotension, particularly when suddenly arising from the 
recumbent position, are signs of overdosage. When they occur the dosage should 
be reduced. 

Adverse Reactions: Transient headaches are the most common 

side effect, especially at higher dosages. Headaches should 

be treated with mild analgesics, and nitroglycerin ointment con- | 
tinued. Only with untreatable headaches should the dosage be 
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reduced. Although uncommon, hypotension, an increase in heart rate, faintness, 
flushing, dizziness, and nausea may occur These all are attributable to the pharma- 
cologic effects of nitroglycerin on the cardiovascular system, but are symptoms of 
overdosage. When they occur and persist, the dosage should be reduced. 


Dosage: Usual dose is 2 inches (50mm), as squeezed from the tube, every eight 
hours. Some patients may need 4 to 5 inches (400 to 125 mm) and/or application 
every four hours. Optimal dosage should be based upon clinical response, side 
effects, and effects of therapy upon blood pressure. Consult full product disclosure 
before prescribing. 
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Today's leading M-mode echocardiographic system. The Irex time- 
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art, phased array transducers. Software updat- 
ing. High-speed digital scan conversion. All Ire» 
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performance for improved diagnostic images. 


Versatility. Broadest range of cardiac diagnos- 
tic capabilities in each Irex system. Highly flexi- 
ble signal processing controls. So you can per- 
form and analyze the study you want, the way 
you want to do it. 


Mobility. Compact, durable systems that go 
where you need them, when you need them. 


Commitment. The Irex commitment assures 
quality, reliability continuing attention; prompt 
service from factory-trained Irex representa- 
tives; on-site training. So you get the most out oO 
your Irex system. 


Value. Irex systems give you features and 
sophistication that would cost you thousands 
more elsewhere. 

Breakthrough technology at breakthrough price 
is what Irex echocardiography is all about. 
Return the coupon today for more ultra-exciting 
information. 


IREX Medical Systems / IREX International, Inc. 
69 Spring Street, Ramsey, New Jersey 0/446 
(201) 327-5990, Telex: 642 393 


IREX 


Innovators in 
echocardiography 


IREX Medical Systems 
69 Spring Street, Ramsey, New Jersey 07446 





Please send information on: 


o Irex Phased Array Real Time Imaging System 
g Irex Cardio 80* Graphics Analyzer 

O Irex System Il M-mode Echocardiograph 

cg Please call to arrange an appointment. 
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[POTASSIUM CHLORIDE] | 


SLOW-RELEASE 
TABLETS 10 mEq 


For real people with co 


once a day for prophylaxis 
twice a day for therapy’ 


KLOTRIXHAS more potassiúm chloride than 
Sugar-COdted slowerelease KCl tablets. 

This meafiS teweftablets per day for better 
patient cmpliange. The KLOTRIX regimen fits 
into the HESY livēs of real people. 
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5% lower in cost 


LOTRIX” (potassium chloride), the 
onomical slow-release KCI supplement, 

an save your patients as much e 

LOTRIX is priced to please irt 

paring prices. 


PHARMACEUTICAL DIVISION 


N 


' Please see following page for summary of prescribing information. 


€ JORO Mead Johnson & Company eFyansvill. Indiana 4777) MLO 45 
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KLOTRIX® 


(POTASSIUM CHLORIDE) 

SLOW-RELEASE TABLETS 10 mEq 

DESCRIPTION KLOTRIX is a film-coated (not enteric-coated) tablet containing 750 mg potassium 
chloride (equivalent to 10 mEq) in a wax matrix. This formulation is intended to provide a 
controlled release of potassium from the matrix to minimize the likelihood of producing high 
localized concentrations of potassium within the gastrointestinal tract. 

INDICATIONS— BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 
BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, THESE DRUGS 
SHOULD BE RESERVED FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE 
LIQUID OR EFFERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE 

IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic alkalosis: in 
digitalis intoxication and in patients with hypokalemic familial periodic paralysis. 

2. For prevention of potassium depletion when the dietary intake of potassium is inadequate in the 
following conditions: Patients receiving digitalis and diuretics for congestive heart failure; 
hepatic cirrhosis with ascites; states of aldosterone excess with normal renal function: 
potassium-losing nephropathy, and certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated essential hyper- 
tension is often unnecessary when such patients have a normal dietary pattern. Serum potassium 
should be checked periodically, however, and, if hypokalemia occurs, dietary supplementation 
with potassium-containing foods may be adequate to control milder cases. In more severe cases 
supplementation with potassium salts may be indicated. 

CONTRAINDICATIONS In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia may complicate any of 
the following conditions: chronic renal failure, systemic acidosis such as diabetic acidosis, acute 
dehydration, extensive tissue breakdown as in severe burns, adrenal insufficiency, or the adminis- 
tration of a potassium-sparing diuretic (eg, spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have produced esophageal ulceration in certain 
cardiac patients with esophageal compression due to enlarged left atrium. 

All solid dosage forms of potassium supplements are contraindicated in any patient in whom there 
is Cause for arrest or delay in tablet passage through the G.I. tract. In these instances, potassium 
Supplementation should be with a liquid preparation. 

WARNINGS Hyperkalemia: In patients with impaired mechanisms for excreting potassium, 
administration of potassium salts can produce hyperkalemia and cardiac arrest. This occurs most 
Commonly in patients given potassium intravenously but may also occur when given orally. Poten- 
tially fatal hyperkalemia can develop rapidly and be asymptomatic. Use of potassium salts in 
patients with chronic renal disease, or any other condition which impairs potassium excretion 
requires particularly careful monitoring of the serum potassium concentration and appropriate 
dosage adjustment 

Interaction with potassium-sparing diuretics: Hypokalemia should not be treated by the 
concomitant administration of potassium salts and a potassium-sparing diuretic (eg, spironolac- 
tone or triamterene), since the simultaneous administration of these agents can produce 

severe hyperkalemia. 

Gastrointestinal lesions: Potassium chloride tablets have produced stenotic and/or ulcerative 
lesions of the smal! bowel and deaths. These lesions are caused by a high localized concentration 
of potassium ion in the region of a rapidly dissolving tablet, which injures the bowel wall and 
thereby produces obstruction, hemorrhage, or perforation. KLOTRIX is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride and thus to minimize the possi- 
bility of a high local concentration of potassium ion near the bowel wall. While the reported 
frequency of small-bowel lesions is much less with wax-matrix tablets (less than one per 
100,000 patient-years) than with enteric-coated potassium chloride tablets (40-50 per 100,000 
patient-years) cases associated with wax-matrix tablets have been reported both in foreign coun- 
tries and in the United States. In addition, perhaps because the wax-matrix preparations are not 
enteric-coated and release potassium in the stomach, there have been reports of upper gastroin- 
testinal bleeding associated with these products. The total number of gastrointestinal lesions 
remains less than one per 100,000 patient-years. KLOTRIX should be discontinued immediately 
and the possibility of bowel obstruction or perforation considered if severe vomiting, abdominal 
pain, distention, or gastrointestinal bleeding occurs. 

Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should be treated with an 


alkalinizing potassium salt such as potassium bicarbonate, potassium citrate, or potassium acetate. 


PRECAUTIONS Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in a 
patient with a clinical history suggesting some cause for potassium depletion. In interpreting the 
serum potassium level, the physician should bear in mind that acute alkalosis per se can produce 
hypokalemia in the absence of a deficit in total body potassium, while acute acidosis per se can 
increase the serum potassium concentration into the normal range even in the presence of a 
reduced total body potassium. Treatment of potassium depletion particularly in presence of cardiac 
disease, renal disease, or acidosis, requires careful attention to acid-base balance and appropri- 
ate monitoring of serum electrolytes, electrocardiogram and clinical status of patient. 

ADVERSE REACTIONS Most common to oral potassium salts: nausea, vomiting, abdominal 
discomfort, and diarrhea. These symptoms are due to irritation of the gastrointestinal tract and are 
best managed by diluting the preparation further, taking the dose with meals, or reducing the dose. 
One of the most severe adverse effects is hyperkalemia (see Contraindications and Warnings). 
There also have been reports of upper and lower gastrointestinal conditions including obstruction, 
bleeding, ulceration and perforation (see Contraindications and Warnings); other factors known to 
be associated with such conditions were present in many of these patients. Skin rash has been 
reported rarely. 

DOSAGE Usual dietary intake potassium by the average adult is 40 to 80 mEq per day. Potassium 
depletion sufficient to cause hypokalemia usually requires loss of 200 or more mEq of potassium 
from the total body store. 

Dosage must be adjusted to the individual needs of each patient but is typically in the range of 

20 mq per day for prevention of hypokalemia to 40-100 mEq per day or more for treatment of 
potassium depletion 

Note: KLOTRIX slow-release tablets must be swallowed whole and never crushed or chewed. 
HOW SUPPLIED Bottles of 100 
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NITROSTAT® 
(nitroglycerin tablets, USP) 


INDICATIONS 

Nitrostat is indicated for the prophylaxis, treat- 
ment and management of patients with an- 
gina pectoris. 


CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is contraindi- 
cated in patients with early myocardial infarc- 
tion, severe anemia, increased intracranial 
pressure, and those with a known hypersensi- 
tivity to nitroglycerin. 


PRECAUTIONS 

Only the smallest dose required for effective 
relief of the acute anginal attack should be 
used. Excessive use may lead to the develop- 
ment of tolerance. Nitrostat tablets are in- 
tended for sublingual or buccal administration 
and should not be swallowed. The drug 
should be discontinued if blurring of vision or 
drying of the mouth occurs. Excessive dosage 
of nitroglycerin may produce severe headaches. 


ADVERSE REACTIONS 

Transient headache may occur immediately 
after use: Vertigo, weakness, palpitation, and 
other manifestations of postural hypotension 
may develop occasionally, particularly in 
erect, immobile patients. Syncope due to ni- 
trate vasodilation has been reported. Alcohol 
may accentuate the cerebral ischemia 
symptoms. 


METHOD OF ADMINISTRATION 

One tablet should be dissolved under the 
tongue or in the buccal pouch at the first sign of 
an acute anginal attack. The dose may be re- 
peated approximately every five minutes until 
relief is obtained. Nitrostat may be used pro- 
phylactically five to ten minutes prior to engag- 
ing in activities which might precipitate an 
acute attack. 


HOW SUPPLIED 
Nitrostat is supplied in four strengths in bottles 
containing 100 tablets each, with color-coded 
labels, and in color-coded Patient Conven- 
ience Packages of four bottles of 25 tablets each. 
0.15 mg (1/400 grain): N 0071-0568-24 [06]— 
bottle of 100 tablets; 
N 0071-0568-13— Convenience Package. 
0.3 mg (1/200 grain): N 0071-0569-24 [06]— 
bottle of 100 tablets; 
N 0071-0569-13— Convenience Package. 
0.4 mg (1/150 grain): N 0071-0570-24 [06]— 
bottle of 100 tablets; 
N 0071-0570-13— Convenience Package. 
0.6 mg (1/100 grain): N 0071-0571-24 [06]— 
bottle of 100 tablets; 
N 0071-0571-13— Convenience Package. YF 
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AND DELIVERABLE. 


The ICR 6201G-2b: an information breakthrough 
in Holter cardiography. 


A breakthrough in Holter cardiography 
doesn’t do medicine a bit of good if it’s still on 
the drawing board. At ICR, not only can every 
Holter system we make be delivered quickly 
and dependably, but each is also the result of 
an aggressive clinical evaluation program. 

For instance, our new 6201G-2b Holter 
system is ready right now for day-to-day use. It’s 
the most sophisticated ever developed. 

Sophisticated in terms of its micro- 
processor design, its superior range of 
scanning functions, its sensitivity to and 
analyses of cardiac information. 

Just as important, as with all ICR Holter 
systems, it’s simple. 

Simple to operate—simple to upgrade— 
and simply the most comprehensive system 
available. 

The 6201G-2b allows you to choose the 
information summary format you prefer from 


a wide range of options. This flexibility makes 
the 6201G-2b the most practical and powerful 
Holter system ever developed. 

ICR makes a full range of Holter systems 
to meet virtually any diagnostic or budget 
consideration. We build these systems to your 


exact needs. 
C all toll-free 
1-(800)-448-1675 


In New York, call collect: (315) 437-7291. Ask 
for a copy of our beautifully illustrated 
“Failsafe Holter Hook-up” poster (in German, 
French, Spanish, or English), and more 
information on the wide range of ICR Holter 
systems. Or write Instruments for Cardiac 
Research, 6057 Corporate Drive, East Syracuse, 
N.Y. 13057, U.S.A. 


When Your Patients Depend on You, Depend on Our Technology. 


See us at the AHA in Miami, 
November 17-20, 
Booths L 30-36, M 31-37 
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An antihypertensive 
beta-blocking agent 


Lopressor’ 
metoprolol tartrate 


Brief Summary of Prescribing Intormation 


Indications Lopressor is indicated in the manage 
ment of hypertension It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics 


Contraindications Lopressor is contraindicated in 
sinus bradycardia. heart block greater than first 
degree cardiogenic shock and overt cardiac fail- 
ure (see Warnings) 

Warnings Cardiac Failure: Sympathetic stimula- 
tion IS a vital component supporting circulatory 
function in congestive heart failure. and beta block- 
ade carries the potential hazard of further depress 
ing myocardial contractility and precipitating more 
severe failure In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics. Lopressor should be administered cau- 
tiously Both digitalis and metoprolol slow AV 
conduction 

In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
Deta-blocking agents over a period of time can, in 
some cases. lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 
should be fully digitalized and or be given a diuretic 
and the response observed closely. If cardiac fail- 
ure continues, despite adequate digitalization and 
diuretic. Lopressor therapy should be withdrawn 
Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents 
exacerbations of angina pectoris and. in some 
cases, myocardial infarction have been reported 
Even in the absence of overt angina pectoris. when 
discontinuing therapy. Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician s advice. 


Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta,-stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
dosing interval. (See Dosage and Administra- 
tion.) 

Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therar y prior to major 
surgery is controversial It should be noted. how 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 





Still the most 
advanced concept 
in beta blockers 


of general anesthesia and surgical procedures 
Metoprolol, like other beta blockers. is a competi- 
live inhibitor of beta-receptor agonists and its ef- 
tects can be reversed by administration of such 
gents, e g. dobutamine or isoproterenol. How- 
ever. such patients may be subject to protracted 
Severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers 


Diabetes Mellitus: Beta-adrenergic blockade may 


mask symptoms of hypoglycemia (e g.. tachycar- 
dia) and may potentiate insulin-induced nypo- 


glycemia Lopressor should therefore be used with 


Caution in diabetic patients. especially those with 
labile diabetes 

Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g . tachycardia) of 


hyperthyroidism. Patients suspected of developing 


Ihyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm 

Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function 


Drug Interactions: Catecholamine-depleting 
drugs (e g.. reserpine) may have an additive effect 
when given with beta-block ng agents. Patients 
treated with Lopressor plus a catecholamine 
Gepletor should therefore be closely observed for 
evidence of hypotension and/or marked bradycar- 
dia which may produce vertigo, syncope, or 
postural hypotension 

Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential In a one-year 
study in dogs. there was no evidence of drug- 
induced toxicity at or below oral doses of 105 


mg'kg per day. Two-year studies in rats at three oral 


dosage levels of up to 800 mg kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in 


creased incidence of generally mild focal accumu- 


lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man In a 21-month study in mice at three 


oral dose levels of up to 750 mg: kg per day benign 


lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 


plus malignant) lung tumors. The overall incidence 


of tumors or malignant tumors was also unaftected 
by metoprolol adm nistration 

Usage in Pregnancy: Reproduction studies 11 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential There was evi 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg kg). Distribution studies in 


mice confirm exposure of the fetus when metoprolol 


iS administered to the pregnant animal. There are 
no well-controlled studies in pregnant women 


Lopressor should be used in pregnant women only 


when clearly needed 
Nursing Mothers: |: 
s excreted in human milk. Since most drugs are 
excreted in human milk nursing should not be 
undertaken by mothers receiving metoprolol 
Usage in Children: Saíety and effectiveness in 
children have not been established 

Adverse Reactions Mos! adverse effects have 
been mild and tr 


~ | * 
ansien 


Central Nervous System: Tiredness and dizziness 


Nave occurred in about 10 of 100 patients. Depres- 
SIOn was reported in about 5 of 100 patients 
Headache. nightmares, and insomnia have also 
been reported but drug relationship is not clear 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities: arteria insufficiency 
usually of the Raynaud type; palpitations and con 


LOPRESSOR 


metoprolol tartrate .... . 


326-2727-A 


s not known whether this drua 


gestive heart failure have been reported. See C 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchospasm) has b: 
reported in less than 1 of 100 patients. See Wari 
ings. 

Gastrointestinal: Diarrhea has occurred in abo 
of 100 patients Nausea. gastric pain constipati 
flatulence. and heartburn have been reported ir 
100 or less 

Allergic: Pruritus has occurred in less than 1 of 
patients 


Miscellaneous: Peyronie's disease has been re 
ported in less than 1 of 100,000 patients 

The oculomucocutaneous syndrome associate 
with the beta blocker practolol has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience _ 


Potential Adverse Effects: |^ addition. a variety 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking age 
and should be considered potential adverse effi 
of metoprolol 

Central Nervous System: Rex ersible mental de- 
pression progressing to catatonia: visual distur- 
bances, hallucinations, an acute reversible Syn- 
drome characterized by disorientation for time a 
place. short-term memory loss. emotional lability 
slightly clouded sensorium. and decreased per- 
formance on neuropsychometrics 
Cardiovascular. Intensification of AV block (see 
Contraindications) 

Hematologic. Agranulocytosis. nonthrombo- 
cylopenic purpura. thrombocytopenic purpura 


Allergic: Erythematous rash. fever combined wit! 
aching and sore throat laryngospasm and respi 
tory distress 


Miscellaneous: Reversible alopecia 


Clinical Laboratory Test Findings: Elevated blooc 
urea levels in patients with severe heart disease 
elevated serum transaminase. alkaline phos- 
phatase. lactate dehydrogenase 


Dosage and Administration Dosage of Lopress 
should be individualized. The usual initial dose is 
90 mg twice daily whether used alone or added t 
diuretic. The dosage may be increased at weekly 
(or longer) intervals until optimum blood pressure 
reduction is achieved. In general. the maximum € 
fect of any given dosage level will be apparent af 
one week of therapy. Usual maintenance dosage 
approximately 100 mg twice a day. with a range c 
100 to 450 mg per day. Dosages above 450 mg g 
day have not been studied. While twice-daily dos 
ing is effective and can maintain a reduction in 
Dlood pressure throughout the day. some patient: 
especially when lower dosages are used. will ex 
rience a modest rise in blood pressure toward the 
end of the 12-hour dosing interval This can be 
evaluated by measuring blood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained tF rougho 
the day If control is not adequate. a larger dose, 
three times daily therapy, may achieve better con 
trol. Beta, selectivity diminishes as dosage of 
LOpressor is increased 

This drug should be stored at controlled room ter 
perature and protected from moisture 

How Supplied Tablets of 50 mg (capsule-shapec 
scored, light red, film-coated) and 100 mg 
(capsule-shaped, scored. light blue. film-coated) 
are supplied in bottles of 100 and 1.000 and Unit 
Dose Packages of 100 


Store at controlled 
irom moisture 


room temperature and protect 


Dispense in tight. light-resistant container (USP) 
667292 C79-22 (8.3 


For complete details, including description, clinic 

pharmacology and overdosage. please see full 

prescribing information 
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Methodologic Problems of Exercise Testing for Coronary 
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To determine why exercise testing remains controversial as a diagnostic 
test for coronary artery disease, a methodologic review was undertaken 
of 33 studies comprising 7,501 patients who had undergone both exercise 
tests and coronary angiography. Of seven methodologic standards for 
research design, only one received general compliance: the requirement 
for an adequate variety of anatomic lesions. Less than half of the studies 
complied with any of the remaining six standards: adequate identification 
of the groups selected for study; adequate analysis for relevant chest pain 
syndromes; avoidance of a limited challenge group; and avoidance of 
work-up bias, diagnostic review bias and test review bias. Only one study 
met as many as five standards. 

These methodologic problems may explain the wide range of sensitivity 
(35 to 88 percent) and specificity (41 to 100 percent) found for exercise 
testing, because the variations could not be attributed to the usual ex- 
planations: definition of anatomic abnormality, stress test technique or 
definition of an abnormal test. Determining the true value of exercise 
testing requires methodologic improvements in patient selection, data 
collection and data analysis. 


For more than 40 years exercise testing has been used as a diagnostic test 
for coronary disease. The popularity of the test has recently increased 
because of several advances. First, it is now recognized that exercise 
testing, when carefully monitored, can be safely performed even in pa- 
tients with advanced coronary disease. Second, new techniques appar- 
ently offer significant advantages over the Master two-step test. Third, 
exercise testing equipment has been marketed for installation in many 
physicians’ offices, thus making it readily available to patients. Despite 
the extensive clinical and research experience that has followed these 
advances, the value of the test remains controversial. We undertook this 
review to determine why. 


Methods 


Studies analyzed: To investigate the controversy we identified the studies 
published in English between January 1967 and August 1979 that included at 
least 50 patients who had had an exercise test as well as a coronary angiogram 
that had been used to define the presence of coronary artery disease. The 33 
studies!-?? that met these specifications are the basis for this review. 

Measures of test efficacy: To compare the results of the studies, we used 
quantitative indexes of “efficacy” that are usually calculated as shown in Table 
I. The most useful measures of efficacy are “positive predictive accuracy" and 
“negative predictive accuracy,” defined as a/(a + b) and d/(c + d), respectively. 
These indexes allow a clinician, given the result of a test, to predict the likelihood 
of the patient's having the specified disease. Unfortunately, these indexes of 
*accuracy" vary with the prevalence of the disease, resulting in different values 
for different tested populations. To avoid this problem of a prevalence-depen- 
dent index, efficacy is usually measured by “sensitivity” and “specificity,” de- 
fined as a/(a + c) and d/(b + d), respectively. These indexes are less useful 
clinically than the indexes of *accuracy," because they show the chance of a given 
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METHODOLOGIC PROBLEMS OF EXERCISE TESTING STUDIES—PHILBRICK ET AL. 


TABLE | 
Data for Calculating Indexes of Efficacy 





Confirmed Disease State 
(positive angiogram) 





Test Result Se a A i N 
(exercise test) Present Absent 
Positive a b 
Negative C d 


test result after the presence or absence of the disease has been 
determined. However, because the sensitivity and specificity 
indexes are not dependent on disease prevalence,?* we used 
them for comparing results. 


Results 


Reasons for Wide Variations in Accuracy 


The 33 individual studies had wide variations in 
sensitivity (35 to 88 percent) and specificity (41 to 100 
percent) (Table II). The sensitivity levels of the studies 
were spread throughout the range of values; and the 
specificity levels, although somewhat clustered around 
higher values, also had a wide range. Three explanations 
are frequently offered for such wide variations: (1) dif- 
ferences in criteria defining the disease; (2) differences 
in methods or protocols for test performance; and (3) 
differences in the definition of an abnormal test. When 
. We examined each of these possible explanations, the 
following results were noted: 

l. Differences in criteria defining coronary ar- 
tery disease: The criteria for angiographic diagnosis 
in the reviewed studies were almost evenly split between 
two definitions of coronary artery disease: 50 percent 
versus 70 to 75 percent narrowing of luminal diameter. 
Table III shows the variation in sensitivity and speci- 
ficity of the studies according to these two definitions 
of coronary disease. If the variations were largely due 
to differences in definition of disease, the diagnostic 
separation should reduce the spread of sensitivity and 
specificity in the subgroups. However, as Table III 
shows, wide variability remains regardless of which 
definition is used for coronary disease. 

2. Differences in stress test protocols: These dif- 
ferences, by causing differences in performance of the 
test, might also cause variation in test results. Seven 


TABLE Il 


Variation in Sensitivity and Specificity in 
33 Studies 


Values of 
Sensitivity or Sensitivity 
Specificity (number of 
(96) studies) 


31-40 
41-50 
51-60 
61-70 
71-80 
81-90 
91-100 





Specificity 
(number of 
studies) 


— (OO Y0 0 & lh 
mo A1wono 


ROR Novemher 19RN Tha Amarinan lnanrnal af CADNINI AAV 


studies used a Master or double Master test; 19 used a 
graded treadmill or bicycle test aiming for an end point 
heart rate of 85 to 90 percent of a predicted maximal 
rate; 7 used a graded treadmill or bicycle test aiming for 
an unspecified “maximal” rate. Separation of results 
according to these three protocols (Table IV) does not 
reduce the variations in sensitivity and specificity. An 
additional aspect of the test protocol is the use of dif- 
ferent electrocardiographic lead systems, which have 
also been shown to cause variability in stress test re- 
sults.???» However, the variability in sensitivity and 
specificity of the 33 studies was unaffected by the 
number of leads—O, 1 to 4, or 5 to 12 —monitored during 
the test. 

3. Differences in the definition of an abnormal 
stress test: This commonly offered cause of variation 
is receiving major attention in current research on ex- 
ercise testing. Of the multiple definitions of an abnormal 
exercise test used in the 33 studies, only S-T segment 
depression was used frequently enough to be compared. 
This widely used electrocardiographic indication of 
ischemia was generally specified as being flat or down- 
sloping for at least 0.08 second. Almost all studies could 
be compared according to one or more degrees of S-T 
segment change. Table V shows that the wide variation 
persisted across all but one definition of an abnormal 
test. The little variation in specificity of a 2 mm S-T 
change was offset by a wide range of very low sensitivi- 
ties. 


Methodologic Standards in Testing for 
Coronary Disease 


Because the customary explanations did not account 
for the observed variations, we looked for alternative 
possibilities. One of the most prominent seemed to be 
basic differences in research design, an approach that 
had been useful in explaining conflicts in studies of 
anticoagulant therapy for acute myocardial infarction.36 
Because this review deals with a diagnostic test rather 
than a therapeutic regimen, new standards for research 
design had to be proposed. Beginning with Ransohoff 
and Feinstein's discussion?” of problems in evaluating 
the efficacy of diagnostic tests, we developed seven 


TABLE III 


Differences in Angiographic Definition of Coronary Artery 
Disease (50 or 75 percent reduction [R] in luminal 


diameter) in 31 Studies* 
pow "ipia, Oeo diac St ee re 


Values of Sensitivity Specificity 
Sensitivity or (number of studies) (number of studies) 
Specificity T? GA Peal ne ee — rre» 
(96) 5096 R 7596 R 5096 R 7596 R 
31-40 2 0 0 0 
41-50 3 0 0 
51-60 3 3 0 0 
61-70 4 2 1 2 
71-80 3 1 1 3 
81-90 2 7 6 4 
91-100 0 1 7 5 
Total 17 14 17 14 


* Two studies did not supply specific angiographic criteria. 
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TABLE IV 
Differences in Stress Test Protocol in 33 Studies 


Sensitivity (number of studies) 


Specificity (number of studies) 





Values of 
Sensitivity or Graded Graded 
Specificity Master (85-90 % Graded Master (85-90 % Graded 
(%) 2 Step maximal) (‘‘maximal’’) 2 Step maximal) (‘‘maximal’’) 

31-40 1 1 0 0 0 0 
41-50 2 2 0 1 1 0 
51-60 1 3 2 0 0 0 
61-70 2 3 1 0 2 1 
71-80 0 5 0 2 3 0 
81-90 1 4 4 2 5 4 
91-100 0 1 0 2 8 2 
Total 7 19 7 7 19 7 


methodologic standards addressing important issues 
in diagnostic test research. These standards, concerned 
with the selection of study groups, the analysis of data 
and the avoidance of potential sources of bias, were then 
applied to each of the 33 studies. We hoped to find a 
reduction in variability of results in the studies that 
seemed most effectively planned. 

Table VI lists each study under review, the number 
of patients in the study, the results for sensitivity and 
specificity, the stress test protocol used and the angio- 
graphic criterion for coronary artery disease, together 
with a listing of the standards that each study satisfied. 
Details of the standards and associated scores are listed 
in the sections that follow. Because the scoring was 
based on the published text of each study, some ratings 
might have been changed if the pertinent information 
had been reported by the study authors. Because 
problems in any one of these standards could produce 
inaccurate results for a study, no attempt was made to 
create an overall score. The content and ratings for each 
standard were as follows: 

Standard 1: adequate identification of the groups 
selected for study: Patients undergoing stress testing 
and coronary angiography are a highly selected group. 
However, the clinical criteria justifying angiography 
vary among individual physicians and institutions, 
leading to differences in groups being studied. In ad- 
dition, investigators may use different criteria for ad- 


TABLE V 


mitting patients into a study, even after angiography 
has been performed. Thus, groups selected for study 
may vary widely, from asymptomatic air force pilots to 
elderly men with typical angina pectoris. To encourage 
adequate study group identification, this standard re- 
quired that the method of selecting patients be de- 
scribed and that the demographic and clinical charac- 
teristics of the study group be reported. The first part 
of this standard was satisfied by a statement of eligi- 
bility criteria clear enough to allow the same group of 
patients to be selected if the study were repeated. A 
study group of “680 consecutive patients undergoing an 
exercise test and angiogram,”?? or of the “302 patients 
who underwent both an exercise test and angiogram... 
in the last four years'?8 would fulfill this part of the 
standard; but a group “referred for diagnostic evalua- 
tion”?! or “selected on clinical grounds'?? would not 
satisfy the standard. The second part of the standard 
required a summary statement of the patients studied 
in relation to age, sex and symptoms of coronary disease 
or reason for angiography. Only 16 studies (48 percent 
of the 33) met both parts of this standard. 

Standard 2: adequate analysis of anatomic le- 
sions: This standard, concerned with the analysis of 
anatomic lesions, was intended to allow evaluation of 
the test over the full anatomic spectrum of coronary 
artery disease. For example, it is important to know if 
the sensitivity and specificity of left main coronary ar- 


Differences in Definition of an Abnormal Stress Test (degree of S-T segment depression [}]) in 32 Studies* 


Values of 
Sensitivity 
or Specificity 
(%) 


Sensitivity 


>0.5 mm } >1 mm} 


Noo 


MOWOOW==-00 
Oa © Om O19 





Specificity 
>2mm 4 >0.5mm | >1mm >2mm 4} 
2 0 0 0 
3 0 0 0 
2 0 0 0 
1 0 2 0 
0 1 0 0 
1 1 3 0 
0 3 4 0 
0 3 9 1 
0 0 11 8 
9 8 29 9 


* When data were available, a study was counted in more than one category. One study did not supply S-T segment data. 
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TABLE VI 
Summary of Studies and Results of Methodologic Review 
Sensi- 
Cases tivity 

Ref Year (n) (%) 

1 1967 55 66 

2 1967 65 84 

3 1967 75 64 

4 1967 84 78 

5 1968 68 47 

6 1970 100 73 

T 1970 52 57 

8 1971 160 48 

9 1971 110 86 
10 1971 100 35 
11 1971 96 59 
12 1972 100 62 
13 1972 166 81 
14 1973 74 54 
15 1974 465 65 
16 1974 70 65 
17 1974 50 83 
18 1975 251 53 
19 1975 89 49 
20 1976 153 45 
21 1976 283 73 
22 1977 98 55 
23 1977 278 86 
24 1978 100 88 
25 1978 1222 53 
26 1978 70 81 
27 1978 164 84 
28 1978 302 76 
29 1979 200 84 
30 1979 2045 79 
31 1979 181 40 
32 1979 100 91 
33 1979 75 63 


Speci- Specific 
ficity Test Definition Standards 
(%) Protocol* of Disease! Satisfied? 
100 M,DM 50 2 3.4 

81 B 1, 3,6 
49 DM 50 2,3, 4 
89 B, T 50 1.2.9, 4 
97 B 50 2,3, 4 
82 T 50 1,4 

81 DM 50 

80 DM § 1,2 

73 DM 75 2 

100 M 50 1, 20.7 
94 B 50 1 

89 T 50 4,.2,.7 
95 T 75 2,7 

96 T 75 1,7 

92 T 70 1,243 
83 B 75 3,6 

89 T 75 2,4,5,7 
88 T 75 2 

41 B 50 1,20 
89 DM 75 2 

78 T 50 2,7 

85 T 50 LAB. 7 
70 B 50 2. 3,7 
82 T 70 15; 2; 6:7 
91 T 75 2,4 

100 T 50 2,4, 7 
67 T 70 2 

76 B,T 70 5 

72 T 70 1,2, 3,8 
69 T 70 25-3 
92 B 50 1395,47 
96 B 75 2:3,6, 7 
95 B 50 or eg 


* B = bicycle; DM = double Master; M = Master; T = treadmill. t Expressed as percent luminal narrowing on coronary angiogram. * See text 


for description of the seven standards under review. 


tery disease are different from those of single vessel 
disease. T'wenty-five studies (75 percent) met this 
standard by reporting the number or location of in- 
volved vessels (for example, two vessel or left main 
coronary artery disease) and by citing the stress test 
results for each anatomic subgroup. For example, 
Goldschlager et al.?! satisfied the standard by providing 
the sensitivity and specificity of stress testing in patients 
with one, two and three vessel disease together with the 
number of patients in each anatomic subgroup. 
Standard 3: adequate analysis for relevant chest 
pain syndromes: Because the spectrum of clinical 
syndromes as well as the anatomic spectrum of coronary 
disease should be considered, this standard was in- 
tended to ensure that the stress test was examined in 
patients with the common chest pain syndromes that 
usually lead to performance of the test. For example, 
does the test have the same sensitivity and specificity 
for typical angina pectoris as for *atypical" chest pain? 
This standard, met by only 14 studies (42 percent), re- 
quired the report of sensitivity and specificity for at 
least one such clinical syndrome. An example of failure 
to meet this standard occurred in a study?4 in which the 
authors reported the number of patients with various 
chest pain syndromes, but did not analyze the exercise 
results separately for these subgroups. However, in a 
later paper,?? the same authors satisfied the standard 


S Disease defined by an index of severity rather than percent luminal narrowing. 


by analyzing their results according to the categories of 
"non-specific" chest pain, "probable angina" and 
"typical angina." 

Standard 4: avoidance of a limited challenge 
group: This standard was designed to prevent exces- 
sively limiting the study group by excluding patients 
with clinical conditions that might cause false negative 
or false positive results. When such exclusions occur, the 
test can be applied with confidence only to a narrow 
clinical spectrum that frequently does not include the 
patients for whom the test is most often ordered or 
needed.?? For example, the stress test would be very 
useful if it could distinguish between chest pain asso- 
ciated with mitral valve prolapse and coronary artery 
disease. However, if patients with mitral valve prolapse 
have routinely been excluded from exercise studies 
because of fears of false positive results, their stress test 
results are unknown. Similarly, patients with suspected 
coronary disease will often be taking antianginal drugs. 
It would appear desirable to include such patients in an 
exercise study to determine whether the sensitivity and 
specificity of their test differs from those of other 
groups. By studying the full spectrum of patients who 
are eligible for an exercise test, and by analyzing 
subgroups of patients believed to have high rates of false 
positive and false negative tests, a clearer understanding 
of the test's clinical usefulness will emerge. 
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Standard 4 was met if no exclusions were made that 
would reduce the chance of a false positive result (for 
example, therapy with digoxin, aortic stenosis or ab- 
normal S-T segment) or a false negative result (for ex- 
ample, therapy with beta adrenergic blocking agents). 
Only eight studies (24 percent) met this standard (Table 
VI). Only three studies (9 percent) analyzed such a 
condition separately to determine the usefulness of the 
test in that clinical subgroup. 

Standard 5: avoidance of work-up bias: Work-up 
bias occurs when the results of the exercise test influ- 
ence a patient's chance to be entered into a study.?" For 
example, when the exercise test is positive rather than 
negative, a patient may be more likely to undergo the 
expense and discomfort of coronary angiography. 
Consequently, a disproportionate number of people 
with a positive stress test may be entered in the study. 
This bias would be likely to increase the relative number 
of those with a positive exercise test (a and b in Table 
I) and would result in falsely high sensitivity and falsely 
low specificity levels. 

Only two studies (6 percent) met standard 5. The 
requirement for avoiding this bias was a study design 
that either enrolled patients before the stress test was 
performed or used a special strategy to measure or limit 
work-up bias (for example, asking physicians how the 
stress test result affected their decision to perform the 
coronary angiogram). The standard was met by Weiner 
et al.,28 who stated that “in each case the decision to do 
angiography was made prior to the exercise test." In 
most other studies, the standard was not met because 
the patients were selected from the list of those having 
coronary angiography. 

Standard 6: avoidance of diagnostic review bias: 
This standard required the avoidance of the diagnostic 
review bias that can occur when the result of the stress 
test is allowed to influence the interpretation of the 
coronary angiogram. This bias, as well as the test review 
bias (see later), would be likely to encourage concor- 
dance between the exercise test and the angiogram, 
resulting in a relative increase in a and d (Table I) that 
would falsely improve both sensitivity and specificity. 
Only seven studies (21 percent) met this standard, 
which required a statement that the interpreters of the 
angiogram did not know the stress test result. The use 
of several independent readers would not fulfill the 
standard if they were aware of the stress test result. 

Standard 7: avoidance of test review bias: Stan- 
dard 7 is analogous to standard 6. Test review bias oc- 
curs when the result of the coronary angiogram is al- 
lowed to influence the interpretation of the stress test. 
This standard, met by only 14 studies (42 percent), re- 
quired a statement that the exercise test was interpreted 
without knowledge of the angiographic findings. Four 
studies met both the test review and diagnostic review 
bias standards. No study met all three standards dealing 
with bias. 

In summary, there was general compliance with only 
one standard: adequate analysis of anatomic lesions. 
Only one study met as many as five standards; eight met 
as many as four. All studies failed two or more stan- 
dards. 


Discussion 

The controversy about exercise testing in the diag- 
nosis of coronary disease is justified by the wide varia- 
tion in the results of the reviewed studies. 'T'he variation 
is commonly attributed to differences in performance 
of the test, in criteria for an abnormal result and in an- 
giographic definition of coronary artery disease. How- 
ever, the results of our analysis suggest that a principal 
source of the variation may be methodologic defects in 
research design. When we considered seven methodol- 
ogic standards intended to provide complete, unbiased 
evaluations of the test, we found that each study failed 
to adhere to at least two of the standards. These varia- 
tions in methodology alone could readily produce in- 
accurate and highly variable results. 

Most new work on the exercise test in diagnosis has 
concentrated on developing better test procedures, such 
as the exercise thallium study,?? and better identifica- 
tion of an abnormal test, such as multifactorial criteria 
that improve on the use of the S- T segments alone.? 
Without simultaneous improvements in the basic design 
of the studies, the true efficacy of these new techniques 
may never be established. j 

Recommendations for improved study design: 
Because the cited methodologic standards can be ful- 
filled with a wide variety of research strategies, we are 
reluctant to prescribe rigid instructions for the perfor- 
mance of studies evaluating diagnostic efficacy. Nev- 
ertheless, certain general principles can be stated. 

In assembling the study groups, the investigator 
should establish unambiguous admission criteria that 
give all of the eligible patients an equal chance to be 
included. Whenever possible, patients should be in- 
cluded who are suspected to have an increased rate of 
false positive and negative test results. These patients 
can be analyzed separately in relevant subgroups as 
described earlier. 

To avoid bias in the collection of data, two inde- 
pendent readers should interpret the coronary angio- 
grams without knowledge of the clinical and stress test 
findings. Similarly, two independent readers should 
interpret the stress test without knowledge of the an- 
giographic results. To measure the potential impact of 
work-up bias, the results of the study should be ana- 
lyzed separately for those patients whose decision to 
undergo angiography was not related to the results of 
the exercise test. 

Finally, the data should be separated according to 
relevant anatomic and clinical subsets. The anatomic 
subsets might include the number and severity of cor- 
onary lesions and certain recognizable high risk ab- 
normalities. Clinical subsets might be selected according 
to the symptoms leading to ordering the test (for ex- 
ample, chest pain or breathlessness), characteristics of 
the symptoms (for example, typical versus atypical 
angina) or certain associated diseases (hypertension, 
valvular heart disease or congestive heart failure). 

Even with improvements in the basic design of the 
research, the sensitivity and specificity of exercise 
testing may remain highly variable. The arteriogram 
measures anatomic abnormalities, but the exercise test 
measures the heart's physiologic response to increased 
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work. This difference may lead to an inherent variability 
in the test, which would be shown only with a set of 
suitably designed studies. 

Clinical implication: Perhaps the main conclusion 
of this review is that exercise testing research should be 
made more clinically relevant. Although decision 
analysis and predictive or Bayesian models?? have often 
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To assess the utility of a recently proposed index of left ventricular per- 
formance, the ratio of peak left ventricular systolic pressure to end-systolic 
volume, equilibrium radionuclide angiography was used to determine 
end-systolic volume and the systolic blood pressure obtained by cuff 
sphygmomanometer to determine peak systolic pressure. Data were 
analyzed at rest and during supine bicycle exercise in 15 normal subjects 
(Group 1), 50 patients with coronary artery disease (Group Il) and 9 
patients with obstructive lung disease and no evidence of coronary artery 
disease on clinical examination including exercise thallium imaging (Group 
lll). In 15 subjects the correlation between the resting angiographic 
and radionuclide pressure/volume ratio was excellent (r = 0.929, p 
<0.005). 

Forty-seven (94 percent) of the 50 patients in Group Il had a depressed 
pressure/volume ratio at rest or an abnormal change in this ratio during 
exercise, whereas only 43 (86 percent) of this group had an abnormal 
ejection fraction at rest or during exercise. Additionally, 3 of 15 subjects 
in Group | had an abnormal ejection fraction response, defined as less than 
0.05 ejection fraction unit increase with exercise (specificity 80 percent), 
whereas all subjects in Group I had a normal increase in pressure/volume 
ratio (specificity 100 percent). At rest, neither index identified more pa- 
tients with coronary artery disease than the other. Of the nine patients 
in Group III, six had an abnormal ejection fraction response to exercise, 
whereas only one had an abnormal pressure/volume ratio response. 

It is concluded that the end-systolic pressure/volume ratio is a useful 
index of left ventricular performance. In some patients during supine ex- 
ercise stress it may be more sensitive than the ejection fraction response 
alone in identifying the presence of coronary artery disease. 


In the hope of identifying indexes of left ventricular performance in- 
dependent of loading conditions, physicians and scientists have con- 
ducted a variety of studies analyzing both the preejection and ejection 
phases of cardiac contraction. It has been suggested that ejection phase 
indexes, although load-dependent, are more useful than isovolumic in- 
dexes in distinguishing normal from abnormal contractile states.! 
However, some investigators?? have proposed that analysis of ventricular 
function curves might better characterize the normal and failing heart 
than a single load-dependent index. 

Recently animal experiments have shown that certain portions of the 
instantaneous pressure-volume loop may be load-independent. The slope 
of the end-systolic pressure/end-systolic volume relation has received 
particular attention.*-? Clinical applications of this observation have 
included manipulation of this pressure/volume ratio by either pressure 
or volume loading.? Recently the simple ratio of peak left ventricular 
systolic pressure to end-systolic volume was found to be a sensitive in- 
dicator of left ventricular disease alone.!? 
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To determine if this latter noninvasive index could 
be utilized to distinguish normal persons from patients 
with coronary artery disease, we evaluated 74 per- 
sons—15 normal control subjects (Group I), 50 patients 
with coronary heart disease (Group II) and 9 patients 
with severe chronic obstructive lung disease (Group III) 
both at rest and during supine bicycle exercise. Peak 
systolic blood pressure was recorded using a cuff 
sphygmomanometer and end-systolic volume calculated 
with equilibrium radionuclide angiography. 


Methods 


Patients: Group I. The normal group was composed of 10 
healthy male volunteers and 5 men with atypical chest pain 
who had normal findings on contrast ventriculography and 
coronary angiography. All normal subjects had normal find- 
ings on electrocardiograms at rest and during stress, chest 
radiographs and physical examination and were not ingesting 
any medications. The mean age (+ standard deviation) of this 
group was 49 + 12 years (range 33 to 64). 

Group II. There were 50 patients (7 women and 43 men) 
in the group with coronary heart disease. All underwent 
coronary angiography and contrast ventriculography for the 
evaluation of chest pain before possible aortocoronary-sa- 
phenous vein bypass graft surgery and were found to have 
significant coronary heart disease (70 percent or greater ste- 
nosis of a major coronary artery). The mean age of this group 
was 46 + 9 years (range 32 to 61). No patient had taken any 
antihypertensive medication, chronic nitrate preparation or 
beta adrenergic blocking agent within 48 hours of the study. 
No patient had known peripheral vascular disease or valvular 
heart disease, and all had strong symmetric arterial pulses. 

Ten of the 50 patients had well documented previous 
transmural myocardial infarction (defined as a typical his- 
tory of prolonged chest pain in association with elevation of 
serum creatine kinase, in particular the MB fraction, with the 
characteristic development of Q waves greater than 0.04 sec- 
ond in duration on the electrocardiogram). These 10 patients 
all had evidence of regional akinesia on contrast ventricu- 
lography corresponding to the electrocardiographic site of 
infarction (anterior in 6 and inferior in 4). The other 40 pa- 
tients had either normal or hypokinetic systolic shortening 
as assessed by visual inspection of the contrast ventriculo- 
gram. Eleven patients had single vessel disease (of the left 
anterior descending, coronary artery in 9 and of the right 
coronary artery in 2); 19 had two vessel and 20 had three vessel 
coronary artery disease. 

Six patients were taking oral digoxin daily (mean digoxin 
level 1.4 + 0.06 ng/ml), and three of the six were also taking 
oral furosemide daily. Virtually all of the patients with coro- 
nary artery disease required variable amounts of sublingual 
nitroglycerin for relief of angina pectoris but, as stated pre- 
viously, none had ingested any within 48 hours of study. 

Group III. The nine patients (eight men and one woman) 
with severe obstructive lung disease had a mean age of 46.3 
+ 4 years (range 38 to 55). All of these patients had a forced 
expiratory volume during the first second of expiration (FEV|;) 
of less than 60 percent of predicted (mean 31 + 5 percent of 
predicted); a mean mid expiratory flow rate between 25 and 
75 percent of forced vital capacity (mean mid expiratory flow 
rate 25 to 75) less than 2 liters/min (mean 0.7 + 0.4); a residual 
volume/total lung capacity ratio of greater than 50 percent and 
a resting arterial partial pressure of oxygen of less than 80 mm 
Hg. All patients in this group were on a stable regimen of in- 
haled and ingested medications prescribed by their physician. 
All medications were stopped at least 6 hours before the study. 
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No patient was being treated with digitalis, beta adrenergic 
blocking medications, diuretic drugs or antihypertensive 
agents. No patient in this group had coronary artery disease, 
a known lipid disorder, diabetes, hypertension, or symptom- 
atic complaints suggestive of these disorders. However, all had 
smoked heavily. All nine patients underwent thallium stress 
and 4 to 6 hour reperfusion scintigrams that were interpreted 
as normal by four readers. All nine patients reached at least 
85 percent of the age-adjusted predicted peak heart rate. All 
had a normal electrocardiographic response to exercise, and 
exercise was stopped in all patients because of shortness of 
breath. 

Blood pressure analysis: All blood pressures at rest and 
during exercise were recorded by one investigator during éach 
individual study. The blood pressure recording was made 
using a Tycos? cuff and a Baumanometer? sphygmoma- 
nometer using the diaphragm of a standard stethoscope. The 
diaphragm was placed over the right, brachial artery. (The 
right and left brachial systolic arterial pressures were com- 
pared and no discrepancies greater than 5 mm Hg were found.) 
The auscultatory pressure was obtained by inflating the cuff 
to a level approximately 30 mm Hg above the peak level of 
systolic pressure and evaluating the Korotkoff sounds. The 
systolic pressure was recorded as the point where the first. 
tapping sound occurred for two consecutive beats.!! 

Exercise protocol: The details of our exercise protocol are 
described elsewhere.!? After the injection and intravenous 
mixing of 15 to 20 millicuries of technetium-99m-labeled 
human serum albumin (Union Carbide or Ackerman multi- 
dose kits), a mobile scintillation gamma camera (Picker 
Dyna-Mo) equipped with a general purpose parallel hole 
collimator is placed over the patient with the detector in the 
modified 45? left anterior oblique position. Five minutes of 
scintigraphic data are acquired at rest and the basal arterial 
blood pressure is recorded. Each patient then performs supine 
bicycle exercise at gradually increasing work loads. Each ex- 
ercise stage is 3 minutes in duration; at the end of each stage 
the patient is asked about his clinical status and the contin- 
uously monitored electrocardiographic data are reviewed. If 
the patient is able to continue exercising, the work load is in- 
creased. Scintigraphic data are acquired throughout the entire 
study and stored on videotape. To reduce the effect of varying 
R-R intervals on the equilibrium radionuclide time-activity 
curves, the scintigraphic data from the last 2 minutes of each 
3 minute exercise stage are used for the calculation of left 
ventricular ejection fraction and left ventricular volume. 

All 15 normal control subjects (Group I) and 39 of the 50 
patients with coronary artery disease (Group II) stopped ex- 
ercise because of fatigue; 11 patients in Group II stopped be- 
cause of angina, which was associated with significant (less 
than 0.1 mV) electrocardiographic S-T segment depression. 
All patients with lung disease stopped exercising because of 
shortness of breath. 

Radionuclide data analysis: Scintigraphic data, as well 
as arterial blood pressure, were obtained at rest and at peak 
exercise. Scintigraphic data, stored as digital pulses on vid- 
eotape, were transferred to a commercially available nuclear 
medicine general purpose computer system (Medical Data 
Systems-PAD). This system divides each R-R interval into 
28 equal time periods (frames) depending on heart rate, and 
then sums cardiac cycles at each corresponding frame to as- 
semble a composite cardiac cycle. Each left ventricular 
time-activity curve was generated using a technique that al- 
lows frame by frame adjustment of the left ventricular region 
of interest. After the computer operator places a rectangular 
window around the left ventricle at the end-diastolic frame, 
a computer algorithm is utilized to track the edge of the left 


ventricle throughout the composite cardiac cycle. The algo- 
rithm recognizes the edge of the left ventricle by a combina- 
tion of the absolute count rate threshold and by the second 
derivative of the count rate change in each picture element. 
Background is automatically assigned outside the left lower 
quadrant of the left ventricle in the end-systolic frame. 

Left ventricular ejection fraction is obtained from the 
background-corrected time-activity curve with use of the 
following equation: 


Ejection fraction = (EDC — ESC)/EDC, 


where EDC = background corrected end-diastolic counts, and 
ESC = background-corrected end-systolic counts. 

Left ventricular end-diastolic volume and end-systolic 
volume are derived from the following equation: 


Volume (non-geometric units) 
EDC or ESC 0.04 
_ Cardiac cycles (n) | Actual frame time 
~ A Counts from 0.1 ml plasma/10 s 


where cardiac cycles = total number of processed heartbeats; 
and counts from 0.1 ml of plasma/10 s 7 the radioactivity of 
plasma drawn from a seperate intravenous site at the time of 
each individual study and counted in a well counter. From a 
previously developed regression equation, left ventricular 
volume in milliliters can be calculated. This method correlates 
well with contrast ventriculography (r = 0.94 or greater). 
Detailed explanations of the theory, reproducibility and 
methodology can be found elsewhere.!?-16 

Correlation with contrast ventriculography: Equilib- 
rium radionuclide angiograms were performed in the cardiac 
catheterization laboratory 1 hour before contrast ventricu- 
lography in 15 patients (4 from Group I and 11 from Group 
II). Peak systolic arterial blood pressure measured by cuff 
sphygmomanometer and end-systolic volume calculated by 
equilibrium radionuclide time-activity curves were then 
compared with the ratio of peak left ventricular systolic 
pressure to end-systolic angiographic volume as previously 
described.!9 

Additionally peak systolic blood pressure measured by cuff 
sphygmomanometer at rest and during supine exercise were 
then compared with simultaneous peak left ventricular 
pressure during the identical exercise protocol performed in 
the catheterization laboratory. 

Left ventricular volumes were calculated from the contrast 
cineventriculograms using the biplane method of Sandler and 
Dodge,!” and pressures were measured by means of either a 
Statham SF1 or a Millar Instruments 8F or 7F catheter tip 
micromanometer with a reference level 10 cm above the table 
top. The high fidelity left ventricular pressure tracing was 
calibrated by matching the signal with a simultaneous pres- 
sure reading obtained through the lumen or by a predeter- 
mined electronic calibration constant. | 

Reproducibility of the radionuclide method: Fifteen 
patients had a repeated equilibrium study 10 to 20 days after 
the initial study (without the addition or subtraction of any 
new medications). These 15 studies were reevaluated by the 
same and by one other observer to analyze inter- and in- 
traobserver variability. For analyses of variability blood 
pressure was taken by both observers separately and by one 
observer on three separate occasions (separated by at least 10 
minutes). 

Statistical analysis: All correlations were performed using 
a least squares linear fit. Data were analyzed using the paired 
or unpaired Student's t test or, when appropriate, a repeated 
measures analysis of variance or simple analysis of variance.!? 


- — -æ 


—— —— — —— — 


PRESSURE/VOLUME CHANGES DURING EXERCISE—SLUTSKY ET AL. 


All results are given as a mean + 1 standard deviation unless 
otherwise specified. Abnormal resting values of ejection 
fraction and systolic blood pressure/end-systolic volume ratio 
were defined as those below the lowest data point in the nor- 
mal population. 


Results 


Correlation with contrast angiography: The 
correlation between contrast and radionuclide volumes 
has previously been reported to be excellent (r — 0.94 
or greater).1?:5 The correlation of the peak left ven- 
tricular systolic pressure/end-systolic angiographic 
volume ratio with the peak systolic blood pressure/ 
end-systolic volume radionuclide ratio in the 15 patients 
who underwent both studies was excellent (r = 0.929) 
(Fig. 1). Additionally, peak left ventricular systolic 
pressure correlated well with systolic blood pressure (r 
= (0.90); as expected, the brachial arterial systolic 
pressure was 14 to 19 mm Hg greater than the simulta- 
neously recorded left ventricular pressure. Simulta- 
neous left ventricular systolic pressure and systolic 
blood pressure by cuff sphygmomanometer at peak 
exercise also correlated well with each other (r = 0.88), 
and under these conditions the brachial pressure was 
18 to 23 mm Hg greater than the left ventricular pres- 
sure. 

Vital signs and work loads during exercise: There 
was no significant difference between resting heart rate 
or systolic blood pressure when the normal control 
subjects (Group I) and the patients with coronary artery 
disease (Group II) were compared (73 + 9 beats/min 
and 128 + 6 mm Hg, respectively, in Group I and 76 + 
12 beats/min and 131 + 7 mm Hg in Group II). The 


n=15 
r= .929 
y = 0.69x + 0.70 
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FIGURE 1. Comparison of the ratio of peak systolic blood pressure (mm 
Hg) obtained with cuff sphygmomanometry to end-systolic volume 
obtained with equilibrium radionuclide angiography and the pressure/ 
volume ratio obtained at cardiac catheterization (ratio of peak systolic 
left ventricular pressure to angiographic end-systolic volume). The line 
of identity is given. The noninvasive data points tend to fall above the 
line because the systolic blood pressure is greater than left ventricular 
systolic pressure. See text for discussion. 
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FIGURE 2. Comparison of the results at rest for the peak systolic blood 
pressure/end-systolic volume ratio (PSBP/ESV) and left ventricular 
ejection fraction in the 50 patients with coronary artery disease (Group 
Il) and the 15 normal subjects (Group I). The dashed lines indicate the 
lower limit of normal for either value. 


normal subjects in Group I exercised to a peak heart rate 
of 151 + 24 beats/min and a systolic blood pressure of 
205 + 11 mm Hg; these values were significantly greater 
than the respective values (131 + 19 beats/min and 
193.1 + 14 mm Hg; both p «0.01) in Group II. The 
normal group exercised to a peak work load (kp-m) of 
738 + 175, which was significantly greater (p <0.005) 
than that achieved by Group II (514 + 205 kp-m). 
The patients with chronic obstructive lung disease 
(Group III) had a mean resting heart rate of 75 + 11 
beats/min, and resting systolic blood pressure of 129 + 
4 mm Hg; these values were not significantly different 
from those in Group I or II. Their exercise time was 
briefer than that of the normal subjects in Group I but 
similar to that of the patients with coronary disease in 
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Group II. The group attained a heart rate of 154 + 18 
beats (p <0.01 versus Group II and not significant [NS] 
versus Group I), systolic blood pressure of 189.4 + 11 
mm Hg (p = NS versus Group II and <0.01 versus 
Group I) and a work load of 495 + 175 kp-m (p = NS 
versus Group II and «0.005 versus Group I). 

Resting hemodynamic data: The mean radionu- 
clide left ventricular ejection fraction in the normal 
patients in Group I was 0.61 + 0.06; this value was sig- 
nificantly greater than that in the patients with coro- 
nary heart disease in Group II (0.56 + 0.10 p <0.05), but 
not different from that in the patients with lung disease 
in Group III (0.60 + 0.14). Nine patients in Group II had 
an ejection fraction below the lower limit of normal (less 
than 0.49), and seven had a peak pressure/end-systolic 
volume ratio below the lower limit of normal (less than 
2.1) (Fig. 2). Five of these patients with a depressed 
resting ejection fraction had a normal ratio, whereas 
three with a depressed ratio had a normal ejection 
fraction. One patient in Group III had both a depressed 
ejection fraction and a depressed pressure/volume 
ratio. 

All five patients in Group II with a depressed ejec- 
tion fraction and a normal ratio had a resting systolic 
blood pressure greater than 140 mm Hg at the time of 
the initial study (mean 153 + 6 mm Hg); this mean was 
significantly greater (p «0.005) than that of the re- 
maining patients in Group II (129 + 9 mm Hg). It was 
also significantly greater (p <0.05) than that of a small 
subgroup of three patients in Group II with a depression 
of both resting ejection fraction and peak pressure/ 
end-systolic volume ratio (127 + 3 mmHg). The five 
patients in Group II just described had normal left 
ventricular end-diastolic pressure, slightly increased left 
ventricular end-diastolic volume (greater than 90 ml/ 
m^?) and diffuse as opposed to merely regional hypoki- 
netic wall motion abnormalities. 

The three patients with a normal ejection fraction 
and depressed resting ratio had a lower mean peak 
systolic blood pressure than that of the remaining pa- 
tients in Group II (114 + 3 versus 132 + 6 mm Hg, p 
<0.01) (Fig. 2). These patients had elevated left ven- 
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FIGURE 3. Change in left ventricular 
ejection fraction during supine exer- 
cise. Note the increase in the group 
mean of the normal patients (Group |) 
and the lack of change in the patients 
with coronary artery disease (Group II). 
However, 3 of the 15 normal subjects 
did not have an increase in ejection 
fraction of 0.05 unit or more. 
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tricular end-diastolic pressure and marked regional and 
global wall motion abnormalities. The one patient in 
Group III with an abnormal value at rest had a normal 
resting blood pressure (127/83 mm Hg). 

Exercise data: ejection fraction: Twelve (80 per- 
cent) of the 15 normal subjects (Group I) had a sig- 
nificant increase (0.05 or greater ejection fraction unit) 
in left ventricular ejection fraction with exercise. All 
three who did not increase their ejection fraction had 
atypical chest pain and normal contrast studies. In 
Group I as whole, the mean peak exercise left ventric- 
ular ejection fraction was 0.75 + 0.08, which was sig- 
nificantly greater than the resting value of 0.60 + 0.06 
(p «0.005) (Fig. 3). In association with this change in 
ejection fraction, end-systolic volume declined from 37.5 
+ 11.8 ml at rest to 19.1 + 5.1 ml at peak exercise (p 
<0.005) (Fig. 4). All normal subjects attained a peak 
exercise ejection fraction of 0.64 or greater. 

Eighteen (36 percent) of the 50 patients in Group II 
with coronary artery disease had a greater than 0.05 
increase in ejection fraction unit (mean 0.09 + 0.03) with 
exercise. Four of these 18 had an abnormally depressed 
resting ejection fraction. With use of the following cri- 
teria for an abnormal study: (1) resting left ventricular 
ejection fraction less than 0.49; (2) an increase in ejec- 
tion fraction of less than 0.05 unit during exercise, or (3) 
a peak exercise ejection fraction of less than 0.64, a total 
of 43 (86 percent) of the 50 patients in Group II had an 
abnormal exercise ejection fraction at rest or during 
exercise (Fig. 3). Twenty subjects in the total study had 
a resting ejection fraction of 0.65 or greater; 15 of these 
were in Group II and 5 in Group I. In 14 of the 15 pa- 
tients in Group II and in 2 of the 5 in Group I ejection 
fraction failed to increase by 0.05 unit with exercise. 
Thus, it is possible that different criteria for a normal 
exercise response will be required in subjects with an 
elevated ejection fraction. The normal subjects with a 
high ejection fraction and a subnormal increase in 
ejection fraction with exercise all had a normal increase 
in pressure/volume ratio. 

Four subjects had a depressed resting ejection frac- 
tion, and increased their ejection fraction by 0.05 unit 
or more with exercise. These patients did not experience 
new S-T depression, angina or hypotension during ex- 
ercise. All stopped exercising because of fatigue. Of 41 
patients with coronary artery disease who had a normal 
resting ejection fraction, 34 (83 percent) had either less 
than a 0.05 increase in ejection fraction unit with exer- 
cise or did not attain a peak exercise ejection fraction 
of 0.64 or more. 

Six of the nine patients in Group III with obstructive 
lung disease had a less than 0.05 unit increase in left 
ventricular ejection fraction with supine bicycle exercise 
or had a resting ejection fraction of less than 0.49 (Fig. 
5). All nine patients had at least a 10 ml decrease in 
end-systolic volume and end-diastolic volume with 
exercise, along with a decrease in stroke volume. 

Exercise data: peak systolic pressure/end-sys- 
tolic volume ratio: All 15 normal subjects had an in- 
crease in pressure/volume ratio with exercise, from 3.41 
+ 2.20 at rest to 10.71 + 6.20 at peak exercise (p <0.001) 
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FIGURE 4. Response of end-systolic volume to exercise in the normal 
patients (Group |) and the patients with coronary artery disease (Group 
Il). Note the marked decline in normal subjects, whereas only 8 of 50 
patients with coronary artery disease had a decrease in volume of more 
than 10 ml. 


(Fig. 6). They all had a peak exercise ratio of 4.8 or 
greater, a peak exercise increase in the pressure/volume 
ratio of 85 percent or greater above the resting value, 
and a resting ratio 2.10 or greater. 

Forty-seven (94 percent) of the 50 patients with 
coronary artery disease in Group II had either: (1) a 
resting ratio of less than 2.10; (2) an increase of the peak 
systolic pressure/end-systolic volume ratio at peak ex- 
ercise of léss than 85 percent over the resting value; or 
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FIGURE 5. Ejection fraction and pressure/volume ratio at rest and at 
peak exercise in the nine patients with severe obstructive lung disease 
(Group Ill). 
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(3) a ratio at peak exercise of less than 4.8. (Fig. 6). 
Seven patients in Group II had a reduced resting pres- 
sure/volume ratio; in all seven the ratio failed to increase 
by 85 percent. Of the remaining 43 subjects, 40 (93 
percent) did not increase their ratio by 85 percent or 
attain a peak exercise value of 4.8 or more. In contrast 
in Group III eight of the nine patients with severe ob- 
structive lung disease had a normal increase in pres- 
sure/volume ratio with exercise (Fig. 5). 

Exercise data: end-systolic volume response: All 
normal subjects in Group I showed a decrease in end- 
systolic volume with exercise from a mean of 37.5 + 11.8 
to 19.5 + 5.1 ml (p <0.005). The minimal absolute de- 
crease in end-systolic volume was 10 ml, and the mini- 
mal percent decline in end-systolic volume compared 
with the value at rest was 25 percent (Fig. 4). 

Forty-two (84 percent) of the 50 patients with cor- 
onary disease in Group II had either an increase or a 
less than a 10 ml decrease in end-systolic volume with 


20 
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3.41 + 2.20 10.71 + 6.20 





3.28 + 1.81 





exercise. The remaining seven patients included two 
patients with isolated right coronary artery disease, two 
with two vessel disease and four with three vessel dis- 
ease. None of these latter patients exhibited pain or S-T 
segment changes with exercise. As noted, in all patients 
with lung disease (Group III), end-systolic volume de- 
creased by at least 10 ml with exercise. 

Reproducibility: Fifteen patients in Group II had 
a second equilibrium study a mean of 14.9 days after the 
first study (range 10 to 20). The results of the two tem- 
porally separated pressure/volume ratios correlated well 
(r = 0.94) with a small variation (+0.31, range 0.14 to 
0.69). 

The intraobserver variability was small (+0.24, range 
0.07 to 0.51, r = 0.97), as was the interobserver vari- 
ability (+0.29 range 0.10 to 0.53, r = 0.96). The vari- 
ability of three different recordings of systolic pressure, 
taken 10 minutes apart, was +5.1 mm Hg (range 0 to 
11). This comparison was made by removing the blood 
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FIGURE 6. Response of the pressure/volume ratio in the 15 normal Subjects and 50 patients with coronary artery disease. See text. 
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pressure cuff, replacing it and then obtaining another 
pressure reading. 

Utility of the test: To determine the usefulness of 
these two analyses of left ventricular performance 
during exercise (response of ejection fraction [EF] and 
peak systolic pressure [PSP]/end-systolic volume [ESV] 
ratio), the following standard calculations were made 
for Group I (normal subjects) and Group II (patients 
with coronary artery disease): 


Number of subjects in Group I with normal 
VAT. exercise EF or PSP/ESV response 
(1) Specificity = 


Number of patients in Group II 
(2): Senaftivity = with an EIL: response 
Total number of patients in Group II 


True positive tests (coronary 
disease and abnormal response) 


All positive tests 


(3) Predictive accuracy — 


For the ejection fraction exercise response, with ex- 
clusion of the patients with obstructive lung disease, the 
sensitivity for coronary disease was 86 percent, the 
specificity 80 percent and the predictive accuracy 93 
percent. For the pressure/volume response the sensi- 
tivity was 94 percent and the specificity and predictive 
accuracy were 100 percent. With exclusion of the pa- 
tients with a depressed resting ejection fraction, the 
ejection fraction response during exercise had a sensi- 
tivity of 83 percent. With exclusion of the patients with 
a depressed resting pressure/volume ratio, the pres- 
sure/volume response to exercise had a sensitivity of 93 
percent. 


Discussion 


Commonly used indexes of left ventricular perfor- 
mance involve analysis of the ejection phase of the 
cardiac cycle. Recent investigators have suggested that 
evaluation of the relation of end-systolic pressure to 
end-systolic volume might prove more valuable than 
typical ejection phase indexes such as the ejection 
fraction.^-1? Their studies in dogs and in human beings 
involved the use of left ventricular pressure catheters 
and either ultrasonic crystals or contrast ventriculog- 
raphy. To attempt a noninvasive analysis of this index, 
we utilized previously described and well validated ra- 
dionuclide methods to calculate left ventricular end- 
systolic volume and ejection fraction.!?-15 Peak systolic 
blood pressure obtained with a cuff sphygmomanometer 
was utilized as a close approximation of peak systolic 
left ventricular pressure. The correlation of the nonin- 
vasively obtained index with a virtually simultaneous 
contrast angiographic result was excellent (r — 0.929) 
as were reproducibility and intraobserver and in- 
terobserver variation. However, no patient with valve 
insufficiency or stenosis or overt peripheral vascular 
disease was studied. The results were then analyzed at 
rest and at peak exercise during supine bicycle stress. 

Pressure/volume ratio versus ejection fraction 
responses: At rest, the pressure/volume ratio was no 


Total number of subjects in Group I 
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more sensitive than the ejection fraction in identifying 
patients with coronary artery disease. However, when 
the indexes were discordant, the ejection fraction 
tended to be abnormal in the setting of an elevated 
blood pressure and normal in the presence of a normal 
blood pressure, thus implying that the level of arterial 
pressure influences this ejection phase index. During 
exercise, the pressure/volume response appeared to be 
more sensitive for identifying the presence of left ven- 
tricular dysfunction (excluding the lung disease pa- 
tients) and, thus, coronary artery disease (94 versus 86 
percent for ejection fraction response). Additionally, the 
specificity was better for the pressure/volume ratio (100 
versus 80 percent for the ejection fraction response). 
These ejection fraction results are similar to the data 
reported recently by Borer et al.,!? who found a sensi- 
tivity of 89 percent for the ejection fraction response 
with exercise. They and others???! also found that pa- 
tients with chest pain and normal coronary arteries may 
not have an increased ejection fraction with exercise, 
although they still meet other normal" criteria.!? 

We?? have previously noted abnormalities in the 
ejection fraction response to supine exercise in patients 
with obstructive lung disease. In our study we found a 
decline in left ventricular size with exercise, probably 
due to an elevation in right ventricular outflow imped- 
ance and a decline in right ventricular stroke volume 
with exercise. Nonetheless, alterations in loading con- 
ditions did not significantly alter the pressure/volume 
response to exercise in this group of patients. 

Limitations of method: The limitations of the 
method rest with the variability of the radionuclide 
technique and the accuracy with which the peak systolic 
blood pressure can represent the peak left ventricular 
systolic pressure. As seen in Figure 1, the noninvasive 
result tends to overestimate the actual ratio, in large 
part because the brachial arterial pressure reflects an 
amplified left ventricular pressure wave secondary to 
the rheologic properties of the arterial tree, that is, ar- 
terial compliance and pressure waveform reflectance.*" 
Patients with coronary vascular disease are more likely 
than normal subjects to have some degree of peripheral 
vascular disease,24 and this difference may lead to 
overestimation of the peak left ventricular systolic 
pressure in these patients. These considerations may 
in part explain the difference between our data and the 
results of Nivatpumin et al.,!° who found the resting 
pressure/volume ratio more useful than the ejection 
fraction. This decrease in arterial compliance would 
tend to exaggerate the blood pressure response to ex- 
ercise, and sway the results away from identifying pa- 
tients with coronary disease. However, both acute and 
chronic decreases in arterial compliance are known to 
depress left ventricular ejection and function,?* 7? and 
might tend to magnify the abnormal change in ejection 
fraction during exercise through an altered impedance 
effect in patients with coronary disease. This effect 
would, of course, contribute to changes in left ventric- 
ular volume during exercise. 

Implications: The systolic blood pressure/end-sys- 
tolic volume ratio is a reproducible method of assessing 
left ventricular performance during exercise, and may 
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be more sensitive than ejection fraction for identifying 
the presence of left ventricular dysfunction during ex- 
ercise. This sensitivity is well illustrated by the abnor- 
mal ejection fraction response to exercise in the five 
patients with chronic lung disease who had a normal 


10. 


11. 


12. 


13. 


14. 


15. 
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pressure/volume ratio at peak exercise. However, our 
patients were highly selected for the presence or absence 
of coronary heart disease, and the assessment of the 
utility of the pressure/volume ratio will require further 
investigation in larger groups of patients. 
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An increased pulmonary thallium-201 concentration has been observed 
in exercise stress thallium perfusion imaging in patients with coronary 
artery disease. To understand the cause of this lung uptake, studies were 
performed in experimental animals and in patients undergoing stress 
thallium perfusion imaging. The extraction fraction of thallium-201 by the 
lungs was measured in a group of eight dogs using a dual isotope tech- 
nique. Basal thallium-201 extraction fraction at rest was 0.09 + 0.009. 
After administration of isoproterenol, it decreased to 0.06 + 0.02 (dif- 
ference not significant). After balloon obstruction of the left atrium (which 
increased mean left atrial pressure and pulmonary transit time) and after 
administration of acetylcholine as a bolus injection (which prolonged 
pulmonary transit time only) it increased to 0.19 + 0.02 (p <0.01). 

Lung thallium-201 activity was measured in 86 patients who had un- 
dergone cardiac catheterization and stress-redistribution myocardial 
perfusion imaging. The initial/final lung activity ratio was 1.41 + 0.03 in 
patients with no significant coronary artery disease, 1.52 + 0.03 (differ- 
ence not significant) in patients with single vessel coronary disease, 1.60 
+ 0.05 (p <0.05) in those with two vessel disease and 1.59 + 0.05 (p 
<0.05) in those with triple vessel disease. Quantitation of lung activity 
in 30 of these patients indicated that the increased ratio in patients with 
multivessel coronary artery disease was due to a transient absolute in- 
crease in the thallium-201 concentration immediately after maximal 
exercise. The data imply that increased pulmonary concentration of 
thallium-201 during exercise is a consequence of left ventricular 
failure. 


Since the introduction of thallium-201 in 1973! as an imaging agent for 


the evaluation of coronary artery disease,?- a major criterion for isch- — 


emia has been the presence of stress-induced focal areas of decreased 
myocardial tracer concentration, which are normal or near normal with 
injection at rest. In 1975, the change in the relative redistribution of 
thallium-201 within the myocardium over a period of time was shown 
to accurately separate regions of scar from relatively low flow.? 

The lungs have received scant attention in the interpretation of 
thallium-201 studies, although they contribute a considerable portion 
of the background activity of the heart. We have observed greatly in- 
creased pulmonary thallium-201 activity immediately after exercise 
testing in some patients with coronary artery disease, which then de- 
creased to normal in images obtained 2 to 3 hours later. 

This study was initiated to determine (1) if increased lung thal- 
lium-201 activity in animals could be caused by experimentally induced 
alterations in transit time or pulmonary arterial pressure, and (2) the 
relation of thallium-201 lung activity to the presence of coronary artery 
disease. 
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Methods 


Animal Studies 


Experimental preparation: Adult mongrel dogs, weighing 
12 to 26 kg, were anesthetized with intravenous sodium pen- 
tobarbital, 30 to 35 mg/kg body weight, supplemented with 
6 mg/kg as necessary; they were intubated and placed on a 
Harvard pump respirator. Polyethylene catheters were in- 
serted into the jugular vein for injection of isotopes into the 
right heart chambers, into the carotid artery for arterial blood 
sampling and into the femoral artery for monitoring of arterial 
pressure. A thermistor tip flow-directed catheter was placed 
in the pulmonary artery for monitoring of pulmonary arterial 
pressure and cardiac output. A Foley catheter with a 30 cc 
balloon was inserted into the left atrium to provide a means 
of acutely increasing pulmonary venous pressure. 

Interventions to change pulmonary transit time: 
Baseline measurements were performed in eight dogs. The 
following conditions were then produced: (1) infusion of iso- 
proterenol (six dogs); (2) hypoxia (inspired 5 percent oxygen) 
(six dogs); (3) left atrial obstruction (six dogs); and (4) bolus 
injection of acetylcholine (three dogs). 

The isoproterenol infusion was used to create conditions 
of decreased pulmonary transit time without a significant 
change in mean pulmonary arterial pressure.” The infusion 
was performed at a rate sufficient to increase heart rate by at 
least 20 beats/min. 

Hypoxia was used to increase mean pulmonary arterial 
pressure with less change in cardiac output. The inspired 
oxygen was decreased to 5 percent while a fixed respiratory 
rate was maintained. 

Left atrial obstruction was used to prolong pulmonary 
transit time and to increase mean pulmonary arterial pressure. 
It was induced by obstruction to mitral inflow produced by 
inflating a Foley catheter in the left atrium for 5 minutes. 

Injection of 0.5 to 2 mg of acetylcholine into the pulmonary 
artery was used to increase pulmonary transit time and de- 
crease mean pulmonary arterial pressure. With this inter- 
vention, the extraction fraction was evaluated in response to 
increasing doses of acetylcholine and the changes in extraction 
fraction related to alteration in the electrocardiographic R-R 
interval because accurate cardiac output determinations 
cannot be obtained by thermodilution under circumstances 
of rapid change in heart rate. 

Extraction fraction of thallium-201 by the lungs: This 
fraction was determined using a double isotope dilution 
method”? during initial transit of a bolus injection of a mixed 
tracer through the lungs. This technique uses the bolus in- 
jection of thallium-201 mixed with iodine-125-labeled human 
serum albumin (Mallinckrodt, Inc.) into the right heart 
chambers and sampling from the carotid artery. The as- 
sumption was made that none of the albumin was removed by 
the lungs!? so that any change in the ratio of thallium-201 to 
iodine-125 was due to the extraction of thallium by the lung. 
Sequential arterial blood samples were collected at 3 second 
intervals for a 40 second period starting at the time of tracer 
injection. Measurements of mean pulmonary arterial pressure 
and thermodilution cardiac output were recorded at the time 
of blood sampling. Aliquots of the injectate and the blood 
samples, after weighing, were counted in a 5-inch (12.7 cm) 
diameter sodium iodide scintillation counter, using windows 
of 70 to 200 keV for thallium-201 and 15 to 55 keV for io- 
dine-125. Standards for each radioisotope were counted in 
each window, and ratio corrections were made for the activity 
from each isotope appearing in the other window. Less than 
20 percent of the counts in the iodine window were due to 
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thallium-201 crossover. The extraction fraction (F.x) was 
calculated by the formula: 


Injected ratio — Sampled ratio 
Fex Pe et ee ET PCI NEA a 
Injected ratio 


An instantaneous extraction fraction was calculated from 
each 3 second blood sample. In addition, an extraction fraction 
was calculated by integration of the counts from the initial 
appearance of the indicator through to the sample where the 
iodine-125 albumin concentration had decreased to one third 
of the peak concentration. One third of the peak was selected 
to encompass the majority of the bolus dose of activity and to 
minimize contribution to the bolus dose by recirculation. This 
method can be utilized when extraction fractions are less than 
0.3.1 

The fractional extraction of thallium-201 by the lungs was 
compared with the logarithm of cardiac output for all inter- 
ventions except acetylcholine and to the logarithm of the R-R 
interval for the acetylcholine studies. 


Patient Studies 


Patients: Eighty-six patients (69 men and 17 women aged 
22 to 70 years) were studied. They were referred for thal- 
lium-201 stress myocardial imaging for evaluation of chest 
pain without evidence of valvular heart disease, and under- 
went coronary angiography within 3 months of imaging. 

Exercise stress testing with thallium-201 imaging: A 
multistage exercise treadmill test was performed using the 
Bruce protocol!? with continuous monitoring of the electro- 
cardiogram and blood pressure until one of the following five 
criteria was reached: significant angina pectoris, fatigue, three 
consecutive ventricular premature beats, achievement of at 
least 85 percent maximal predicted heart rate, or more than 
2 mm of horizontal or downsloping S-T depression appearing 
on the exercise electrocardiogram. At that point, thallium-201 
was administered intravenously and exercise continued for 
a further 45 seconds. Imaging in the supine position was ini- 
tiated within 4 minutes of exercise with images obtained in 
the anterior, 50° left anterior oblique, and 70° left anterior 
oblique projections. Approximately 2 1/2 hours after the ex- 
ercise test, a second set of images was obtained. 

Imaging was performed with a standard field of view 
gamma camera (Ohio Nuclear Series 100) equipped with a 
low-energy, general all-purpose, parallel hole collimator, 
utilizing a 20 percent window centered around the mercury 
X-ray film peak of thallium-201. Data were acquired in a 
dedicated nuclear medicine data system (Ohio Nuclear VIP 
450) for a preset time. In 30 patients who underwent imaging 
at 7 minutes/view, the thallium-201 dose was precisely mea- 
sured at 2.0 millicuries (mCi) in a radioisotope calibrator. The 
remaining patients received 1.5 to 2.2 mCi of thallium. 

Coronary angiography: Selective coronary angiography 
in multiple views was performed in all patients using either 
the Judkins or Sones technique. The extent of coronary ar- 
terial stenosis was determined from the most severe lesion in 
a vascular distribution. An artery was considered significantly 
narrowed when a lesion compromised the luminal diameter 
by 50 percent or more in at least two different projections. 

The severity of coronary artery disease was categorized as 
follows: 0, no significant coronary disease; 1, single vessel 
disease (more than 50 percent narrowing) involving either the 
left anterior descending, left circumflex or right coronary ar- 
tery; 2, disease involving two of these vessels; and (3) disease 
involving all three vessels. 

Analysis of thallium images: The initial and delayed 
thallium-201 images were analyzed by placing a region of in- 
terest in the anterior view to outline the lung, superior to the 
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anterolateral wall of the myocardium (Fig. 1). The number of 
counts/picture element of lung was determined, and the ratio 
of these counts between the initial and the delayed image 
determined. In the 30 patients given an exact dose of thal- 
lium-201, the counts/cm? in the lung were used as an ap- 
proximation to the absolute thallium-201 uptake in lung and 
compared with the extent of coronary artery disease. 


Results 


Animal Studies 


The physiologic changes caused by the interventions 
are shown in Table I. Isoproterenol caused a significant 
increase in cardiac output (from 0.15 to 0.22 liters/min 
per kg) with no significant change in the mean pulmo- 
nary arterial pressure. Hypoxia caused no change in the 
cardiac output, but increased the mean pulmonary ar- 
terial pressure from a mean of 13 to 19 mm Hg (p 
<0.05). Left atrial obstruction reduced the cardiac 
output from 0.15 to 0.07 liters/min per kg and increased 
the mean arterial pressure from 13 to 21 mm Hg (p 
<0.01). 

Pulmonary extraction fraction of thallium: The 
mean extraction fraction of thallium-201 by the lungs 
in the basal state was 0.09 + 0.009 (mean + standard 
error of the mean). The pulmonary extraction did not 
change significantly with isoproterenol or hypoxia. Left 
atrial obstruction and acetylcholine injection caused an 
increase in extraction to values of 0.19 + 0.024 and 0.19 
+ 0.017, respectively (p <0.01). 

The extraction fraction for the interventions corre- 
lated linearly with the logarithm of the cardiac output 
per unit weight of the dog (r = —0.58, p <0.01), although 
the effect of acetylcholine has been excluded because 
the cardiac output was not measured. The response of 
the measured physiologic variables to a bolus injection 
of acetylcholine introduced into the pulmonary artery 
is shown in Figure 2 as a variable period of asystole 
followed by a prolonged period of bradycardia. Imme- 
diately after a bolus injection of acetylcholine, tracer in 
the pulmonary circulation will be in contact with the 
pulmonary capillary epithelium for a prolonged period 
owing to the cardiac standstill followed by bradycardia. 
Thermodilution measurements of cardiac output during 
this period are liable to substantial inaccuracy, and for 
this reason the length of the R-R interval during the 
period of asystole as a measure of the prolongation of 
pulmonary transit time. Because the relation between 
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FIGURE 1. Thallium-201 images obtained in the anterior projection 
immediately (A) and 2 1/2 hours (B) after exercise. A region of interest 
has been placed over the lung superolaterally to the anterior wall of the 
left ventricle. 


this variable and the extraction fraction was unlikely 
to be a linear function, the logarithm of this period was 
used for comparison. The correlation between the log- 
arithm of the R-R interval and the extraction fraction 
was 0.88 (p <0.01). 

Comparison of the mean pulmonary arterial pres- 
sure with the extraction fraction demonstrated that 
there was a significant, although modest, correlation (r 
= 0.37, p <0.01). Once again, results from the acetyl- 
choline intervention have not been included because the 
mean pulmonary arterial pressure, although always 
reduced during the resultant asystole, was too variable 
to measure accurately. 

In three of the dogs with four measurements of ex- 
traction fraction during atrial obstruction, the phasic 
pulmonary arterial pressure was measured so that the 
end-diastolic pressure could be determined and used 
as an indication of left atrial pressure. There was a sig- 
nificant correlation between the extraction fraction and 


TABLE | 
Physiologic Responses in Lung Extraction Fraction in Dogs Subjected to Intervention 
Mean Pulmonary Mean Heart 
Cardiac Output Arterial Pressure Rate Extraction 
Condition (ml/min per kg) (mm Hg) (beats/min) Fraction 

Baseline 0.15 + 0.02 13:32 = 1.1 167 0.090 + 0.009 
Isoproterenol 0.22 + 0.02 (14996)! 13.8 + 1.3 (15%) 195* 0.062 + 0.019 
Hypoxia 0.17 + 0.02 (11696) 19.3 + 2.4 (14696)* 146 0.077 + 0.019 | 
Left atrial obstruction 0.07 + 0.01 (14796)! 21.5 + 2.3 (16396)! 147 0.19 +0.024' | 
Acetylcholine 0.19 + 0.017! 
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* p «0.05. t p «0.01. 
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FIGURE 2. Physiologic tracing illustrating the response of the electrocardiogram (ECG), arterial blood pressure and pulmonary arterial (P.A.) pressure 
to the administration of a bolus injection of acetylcholine (first arrow) into the pulmonary artery. T1201 = thallium. 


the end-diastolic pulmonary arterial pressure (r = 0.76, 
p <0.05). 


Patient Studies 


The relation between the extent of coronary artery 
disease and exercise performance is shown in Table II. 
The patients with coronary artery disease achieved 
lower mean heart rates than the group without signifi- 
cant coronary disease, although heart rates were sig- 
nificantly different from rates in the control group only 
in patients with double and triple vessel disease (p 
<0.01). Similarly, the duration of exercise in the group 
with double and triple vessel disease was significantly 

different (p <0.01) from that in the group without cor- 
onary artery disease. 

Thallium lung activity in patients with coronary 
artery disease: The relation between the extent of 
coronary artery disease and the initial/final lung ratio 
of thallium-201 (Fig. 3) shows that the ratio was 1.41 + 
0.03 in the group with no coronary artery disease, 1.52 
+ 0.03 in the group with single vessel disease (p = not 
significant), 1.60 + 0.05 in the group with two vessel 
disease (p <0.05) and 1.59 + 0.05 in the group with triple 
vessel disease (p <0.05). 


TABLE Il 


Data on Patients Subjected to Upright Thallium-201 Stress 


Perfusion Imaging 
en NER CUN: DERE ee c0 


Vessels Mean 
With Maximal Mean Initial/ 
Coronary Mean Heart Exercise X Final 
Disease Patients Age Rate Time Lung 
(n) (n) (yr) (beats/min) (min) Ratio 
0 19 46 162 9.0 1.41 
1 11 51 152 7.6 1.52 
2 31 54* 135! 6.5! 1.60* 
3 25 551 123! 6.07 1.59* 


* p <0.05. t p «0.01. 


The results in the group of 30 patients who were given 
precise quantities of thallium-201 and imaged for a 
preset time are shown in Figure 4. In all three groups 
with coronary artery disease initial lung activity was 
significantly higher than in the group with no disease 
(p «0.05), but this difference had disappeared in the 
delayed images except for the group with single vessel 
disease (p <0.05). The mean rate of clearance from the 
lungs was faster in those with coronary artery disease 
(p «0.05). 


Discussion 


Factors influencing lung extraction of thallium: 
Crone's investigation!? of the organ extraction of test 
substances showed that the significant factors were the 
permeability of the capillaries, the surface area available 
for exchange and the rate of blood flow. These variables 
are related by the equation © 


1 
P (Q/A) X log, ——., 
where P = permeability of the organ, Q = blood flow, A 
= surface area of capillaries, and E = initial extrac- 
tion. 

From this equation, one would expect a logarithmic 
relation between blood flow and extraction; we therefore 
used the logarithm of the cardiac output in our data 
analysis. Crone demonstrated that the organ extraction 
of inulin and sucrose varied considerably among organs, 
but for both substances was very small when the lung 
was considered. However, the extraction levels of eth- 
anol'* and water!® were very high. The extraction 
fraction of small cationic ions, such as sodium, was in- 
vestigated by Pearce,!® who showed that under control 
conditions there was virtually complete recovery of the 
sodium indicator by comparison with that of an intra- 
vascular marker (iodine-131-labeled human albumin), 
but recovery was increased significantly in conditions 
of pulmonary edema. Although the extraction of thal- 
lium-201 might be expected to be similar to that of so- 
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dium because it is also a small cation, the difference in 
ionic diameter is likely to create an alteration in its 
permeability through body tissues. Measurement of the 
extraction fraction of thallium-201 by the lungs has not 
yet been reported. 

Factors causing increased thallium accumula- 
tion in lungs in coronary artery disease: Not only 
was the ratio of initial/final pulmonary thallium-201 
activity greater in patients with multivessel coronary 
artery disease, but also there was an absolute increase 
in the initial pulmonary activity as shown in the patients 
given equivalent amounts of thallium. Increased thal- 
lium accumulation in the lungs could be caused by 
several factors. First, the recent study by Okada et al.!? 
demonstrated that, in the supine exercising patient with 
coronary artery disease, there is a transient increase in 
pulmonary blood volume. Thus, transient retention of 
thallium-201 in this increased pulmonary blood pool 
could give rise to an apparent increase in lung thal- 
lium-201 activity. However, thallium-201 clears rapidly 
from the blood pool with a half-life of less than 1 min- 
ute,!8 and the half-life after injection during stress 
should be shorter, because 65 percent of the thallium 
dose is extracted per circulation time.? Close inspection 
of the left ventricular cavity in our patients with ele- 
vated lung uptake showed no obvious thallium con- 
tent. 

The equation derived by Crone?? indicates that an 
increase in extraction fraction is to be expected with a 
decrease in flow rate through the lungs. The pulmonary 
transit time is related to the pulmonary blood volume 
by the following relation: pulmonary blood volume = 
cardiac output (ml/s) X pulmonary mean transit time.!? 
In coronary artery disease, the cardiac output is known 
to reach a plateau, if not actually to decrease, when 
cardiac decompensation supervenes.?? Thus, from this 
last equation it can be seen that the mean pulmonary 
transit time may increase at peak stress, resulting in 
prolongation of thallium-201 contact with the pulmo- 
nary endothelium. The increased extraction fraction 
associated with the prolonged transit time caused by 
acetylcholine in dogs but without an increase in pul- 
monary arterial pressure indicates that increased lung 
thallium accumulation can occur without an increase 
in pulmonary arterial pressure. The converse, decreased 
extraction when flow is increased, could not be proved 
in our experiments because the error with low fractional 
extractions becomes excessive when the extraction 
fraction decreases below 0.05.?! 

Another possible cause of increased lung uptake is 
the development of increased left atrial pressure in as- 
sociation with the occurrence of subclinical left ven- 
tricular failure during exercise in patients with coronary 
artery disease. The effect of pressure on transcapillary 
exchange between vascular and extravascular com- 
partments is defined by Starling’s law of the capillary,? 
which states that the transcapillary movement of fluid 
is the consequence of an imbalance between opposing 
filtrative and absorptive forces. This principle was ap- 
plied to the lungs by Levine et al.,?? who showed that the 
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FIGURE 3. Comparison of the initial/final lung ratios in 86 patients 
graded according to the extent of coronary artery disease (greater than 
50 percent stenosis of luminal diameter). 0 = no significant disease; 
1, 2 and 3 = one, two and three vessel disease, respectively. 


accumulation of water in lung tissue is directly related 
to intravascular forces with only a small contribution 
stemming from pericapillary forces. The consequent 
increase in hydrostatic pressure during left ventricular 
failure will drive fluid and thallium from the capillary 
to the interstitium. In our study, the experimental 
model that most closely approximated this situation was 
balloon obstruction of the left atrium. The animal data 
suggest that as the mean left atrial pressure increases, 
so does lung extraction of thallium-201. The results 
derived from our measurements indicate that hydro- 
static pressure plays a role in the transcapillary migra- 
tion of thallium-201 and that an increase in mean pul- 
monary arterial pressure is associated with a rise in the 
extraction fraction. 

Geometric factors such as body shape, breast uptake, 
or attenuation might contribute to some differences 
among patients. Geometric factors alone could not have 
accounted for the quantitatively demonstrated changes 
in retained lung thallium activity in individual patients 
from the initial to the delayed studies. Another factor, 
the effect of intrinsic pulmonary conditions such as 
chronic inflammatory disease and chronic obstructive 





LUNG TL-20/ ACTIVITY (counts/em®) 


DELAYED 


INITIAL. 


FIGURE 4. Graph showing initial and final lung activity expressed as 
counts/cm? compared with the extent of coronary artery disease 


(grading score as in Figure 3). Stars denote p value for the different 


groups in comparison with the group with no vessel disease. 
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pulmonary disease on lung uptake of thallium, is not 
known and cannot be derived from this study. 
Clinical implications: Our data indicate that in- 
creased thallium accumulation occurs in the presence 
of a prolonged transit time through the lungs or of in- 
creased left atrial pressure. This finding is clearly not 
specific for patients with coronary artery disease, and 
any cause of increased left atrial pressure or prolonged 
pulmonary transit time such as valvular heart disease 


or cardiomyopathy may alter lung uptake of thallium. 
The significance of this observation is that lung uptake 
in the initial images of a thallium stress study should 
alert the observer to an underlying impairment of left 
ventricular function. 
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This study was performed to assess the influence of selective coronary 
arteriography on left ventricular volumes and ejection fraction in man. 
In 30 patients with assorted cardiac diseases, left ventricular end-diastolic 
and end-systolic volumes and ejection fraction were quantitated imme- 
diately before and after selective coronary arteriography. In 19 patients 
(Group A), contrast left ventriculography was performed immediately 
before and after selective coronary arteriography. In the remaining 11 
patients (Group B), multigated equilibrium blood pool imaging was per- 
formed just before and after coronary arteriography. In both groups, mean 
systemic arterial pressure and heart rate did not change from just before 
the first to immediately before the second assessment of left ventricular 
volumes and ejection fraction, but left ventricular end-diastolic pressure 
increased. End-diastolic and end-systolic volume indexes, and ejection 
fraction did not change from just before to immediately after selective 
coronary arteriography. Therefore, selective coronary arteriography (1) 
consistently causes an increase in left ventricular end-diastolic pressure 
but (2) exerts no effect on left ventricular volumes and ejection fraction, 
even in patients with severely compromised left ventricular function. 


Previous studies in both experimental animals and human beings have 
shown that contrast left ventriculography and selective coronary arte- 
riography are associated with complex changes in ventricular function 
and circulatory hemodynamics. The rapid injection of a large bolus dose 
of contrast material into the left ventricle has been reported to induce 
a transient increase in cardiac output,'? plasma osmolality®* and cir- 
culating blood volume!* an increase in left ventricular end-diastolic,” 
left atrial and pulmonary arterial pressures?; as well as a temporary 
depression of left ventricular performance.? Similarly, selective coro- 
nary arteriography has been shown to cause a brief increase in left ven- 
tricular end-diastolic pressure?? and a transient reduction of ventricular 
performance.19-1? These effects of radiographic contrast material on left 
ventricular function have led to the general recommendation that left 
ventriculography be performed before selective coronary arteriogra- 
phy!3!4 to ensure that left ventricular function is assessed correctly. 

In most cardiac catheterization laboratories, left ventricular volumes 
and ejection fraction are utilized in conjunction with end-diastolic 
pressure to assess left ventricular function. This study was performed 
to determine the effect of selective coronary arteriography on these 
variables. 


Methods 


Procedure: In 30 patients selective coronary arteriography was immediately 
preceded and followed by contrast left ventriculography (Group A, 19 patients) | 
or equilibrium gated blood pool imaging (Group B, 11 patients). Coronary ar- 
teriography was performed with the Judkins technique in all patients. Just before 
each assessment of left ventricular volumes and ejection fraction, systemic ar- 
terial pressure (phasic and mean) and left ventricular pressure (systolic and 
end-diastolic) were recorded. Left ventricular end-diastolic pressure was mea- | 
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sured coincident with the peak of the electrocardiographic R 
wave; in each subject 10 consecutive beats were averaged. 
After the initial assessment of left ventricular function, 4 to 
7 selective injections into the left coronary artery and 1 to 3 
selective injections into the right coronary artery were per- 
formed. Sublingual nitroglycerin was not administered during 
coronary arteriography. Immediately after the final selective 
injection into the right coronary artery, arterial and left ven- 
tricular pressures were recorded, after which left ventricular 
volumes and ejection fraction again were assessed. 

Group A (19 patients): assessment of left ventricular 
volumes and ejection fraction with contrast ventricu- 
lography: Single plane left ventriculograms were performed 
in the 30° right anterior oblique projection in 19 patients both 
immediately before and immediately after selective coronary 
arteriography. All ventriculograms were performed with a 
pigtail catheter. They were filmed at 60 frames/s on Kodak 
CFA 1530 35 mm film. For each ventriculogram, Renografin 
76® was injected at 13 to 15 ml/s for 4 seconds (total, 52 to 60 
ml). Just before the first ventriculogram, a grid with multiple 
1 cm? sections was positioned at the level of the mid left ven- 
tricle under lateral fluoroscopic control and was recorded on 
film. Both tube height and patient angulation were noted and 
duplicated during the second ventriculogram. 

The 19 patients consisted of 10 women and 9 men; the 
average age was 43.4 years (range 20 to 59). Coronary artery 
disease (at least 70 percent narrowing of luminal diameter) 
was present in 10 patients (single vessel disease in 4, double 
vessel disease in 2 and triple vessel disease in 4). Three pa- 
tients had congestive cardiomyopathy, two had an atrial septal 
defect and the remaining four had no demonstrable cardiac 
disease on catheterization, although they complained of oc- 
casional chest pain. In these 19 patients, the time that elapsed 
between the first and second ventriculograms averaged 35.6 
+ 9.4 minutes (mean + standard deviation) (range 19 to 55), 
and the time between the final right coronary arterial injection 
and the second ventriculogram averaged 5.0 + 1.2 minutes 
(range 3 to 8). 

After the catheterization procedure, the ventriculograms 
were viewed on a Vanguard XR 35 projector, and the end- 
diastolic and end-systolic silhouettes were isolated and traced 
and their areas determined by two independent observers 
using manually performed planimetry. The ventricular vol- 
umes were calculated with use of the standard area-length 
method,!? and the data modified using the Kennedy regres- 
sion equation.!6 The values obtained by the two observers 
were averaged. 

Group B (11 patients): assessment of left ventricular 
volumes and ejection fraction with multigated equilib- 
rium blood pool imaging: Approximately 1 hour before se- 
lective coronary arteriography, in vivo labeling of red blood 
cells was accomplished by the administration of unlabeled 
stannous pyrophosphate (Pyrotech®, Squibb Pharmaceutical 
Company), followed 15 to 30 minutes later by 30 millicuries 
of technetium-99m sodium pertechnetate, as previously de- 
scribed.'’-!9 The data collection was performed with a por- 
table gamma camera computer system (Ohio Nuclear Series 
550) utilizing an all-purpose parallel hole collimator. After a 
period of at least 10 minutes (to allow for in vivo red cell 
binding and equilibration within the blood pool), the activity 
of a peripheral venous blood sample, 3 ml in size, was deter- 
mined. Then, just before and immediately after selective 
coronary arteriography, equilibrium gated blood pool scinti- 
grams were obtained in a 35° left anterior oblique projection 
with 15° of caudad angulation; the exact angle of obliquity was 
always readjusted to allow the clearest separation between the 
left and right ventricles while minimizing the thickness of the 
interventricular septum. All studies were gated for 28 


frames/cardiac cycle and collected for a preselected number 
of cardiac cycles. Each equilibrium blood pool scintigram was 
acquired over a period of 3 to 5 minutes, resulting in ap- 
proximately 250,000 counts/frame of the study. 

The group consisted of 5 women and 6 men; the average age 
was 54.2 years (range 25 to 76). Coronary artery disease as 
defined earlier, was present in eight patients (single vessel 
disease in two, double vessel disease in one and triple vessel 
disease in five). One patient had congestive cardiomyopathy, 
and the remaining two patients had no demonstrable cardiac 
disease on cardiac catheterization. In these 11 patients, the 
elapsed time between the first and second gated blood pool 
scintigrams averaged 39.8 + 7.5 minutes (range 25 to 52), and 
the time between the final right coronary arterial injection and 
the second scintigram averaged 6.1 + 1.2 minutes (range 4 to 
8). 

After the catheterization procedure, the end-diastolic and 
end-systolic frames were isolated from the sequence of images. 
Background subtraction was performed with a linear inter- 
polated background subtraction technique, as described 
previously.?? The end-diastolic and end-systolic perimeters 
were outlined and the total number of counts within each 
perimeter determined. Left ventricular volumes and ejection 
fraction were calculated by two independent observers using 
the method previously described,!? and the values obtained 
by the two observers were averaged. 

Statistical analysis: For each assessment of left ventricular 
volumes and ejection fraction in each patient, values for 
end-diastolic volume index, end-systolic volume index, ejec- 
tion fraction, mean systemic arterial pressure, heart rate and 
left ventricular end-diastolic pressure were obtained. For each 
of these variables, a mean and standard deviation of the mean 
were determined for the first and second assessments. The 
values during the first assessment were compared with those 
during the second assessment within the same group of pa- 
tients using the paired t test. A probability (p) value of 0.05 
or less was considered significant. 


Results 


Effect of selective coronary arteriography on 
systemic arterial pressure, heart rate and left 
ventricular end-diastolic pressure: In Group A 
(contrast ventriculography before and after selective 
coronary arteriography), mean systemic arterial pres- 
sure did not change from just before the first to imme- 
diately before the second ventriculogram (98.1 + 14.0 
and 96.4 + 13.7 mm Hg, respectively; difference not 
significant [NS]). Similarly, heart rate was unchanged 
from the first to the second ventriculogram (74.8 + 15.0 
and 75.7 + 13.6 beats/min, respectively; NS). However, 
mean left ventricular end-diastolic pressure increased 
significantly, from 12.9 + 6.4 mm Hg before the first 
ventriculogram to 17.2 + 6.9 mm Hg before the second 
(p <0.0005) (Fig. 1). 

In Group B (equilibrium gated blood pool imaging 
before and after selective coronary arteriography), the 
alterations in systemic arterial pressure, heart rate and 
left ventricular end-diastolic pressure were similar. 
Specifically, mean systemic arterial pressure did not 
change from immediately before the first to just before 
the second gated blood pool scintigram (87.9 + 9.3 and 
88.9 + 11.9 mm Hg, respectively; NS), and heart rate 
was unchanged from the first to the second blood pool 
scintigram (78.3 + 12.6 and 78.9 + 12.9 beats/min, re- 
spectively; NS). As in Group A, left ventricular end- 
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diastolic pressure increased significantly, from 14.1 + 
8.1 mm Hg before the first gated scintigram to 17.5 + 
7.4 mm Hg before the second (p «0.025) (Fig. 1). 
Effect of selective coronary arteriography on left 
ventricular volumes and ejection fraction: In Group 
A (contrast ventriculography before and after selective 
coronary arteriography), end-diastolic volume index, 
end-systolic volume index and ejection fraction did not 
differ from the first to the second ventriculogram. 
Specifically, end-diastolic volume index averaged 78.7 
+ 29.8 ml during the first ventriculogram and 77.3 + 
26.8 ml during the second (NS); end-systolic volume 
index was 42.5 + 27.1 ml during the first ventriculogram 
and 41.5 + 26.0 ml during the second (NS); ejection 
fraction averaged 0.48 + 0.15 during both the first and 
second ventriculograms (NS) (Fig. 2). The findings were 
similar in Group B (equilibrium gated blood pool 
imaging before and after selective coronary arteriog- 
raphy). The mean end-diastolic volume index was 85.1 
+ 34.4 and 84.5 + 33.4 ml during the first and second 
blood pool scintigrams, respectively (NS) and end- 
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FIGURE 1. Values for mean systemic arterial pressure (top), heart rate 
(middle), and left ventricular end-diastolic pressure (LVEDP) (bottom) 
both before and after selective coronary arteriography in 19 patients 
who underwent contrast ventriculography (Group A) and in 11 patients 
who underwent equilibrium gated blood pool imaging (Group B) for 
quantitation of left ventricular volumes and ejection fraction. Each line 
represents the values from one patient, and the mean values + standard 
deviation are depicted to the left and right of each group of lines. In both 
groups mean systemic arterial pressure and heart rate did not change 
significantly from just before the first to immediately before the second 
assessment. In contrast, left ventricular end-diastolic pressure increased 
significantly in both groups. *p «0.025; **p «0.0005. 


systolic volume index averaged 49.7 + 34.2 ml during 
the first scintigram and 49.3 + 33.2 ml during the second 
(NS); ejection fraction was 0.50 + 0.20 with the first 
gated image and 0.50 + 0.20 during the second (NS) 
(Fig. 2). Thus, values for end-diastolic volume index, 
end-systolic volume index, and ejection fraction im- 
mediately after selective coronary arteriography were 
not significantly different from those immediately be- 
fore selective coronary arteriography, irrespective of the 
technique used to measure these variables (contrast 
ventriculography or equilibrium gated blood pool 
imaging). 


Discussion 


Many studies have demonstrated that the intravas- 
cular administration of radiographic contrast material 
causes substantial alterations of cardiac output,'? in- 
tracardiac pressures?9-7 and left ventricular perfor- 
mance. Whereas most of these studies have evaluated 
the effects of rapid, large bolus injections of contrast 
material, such as those used in left ventriculography, 
relatively few studies have attempted to examine the 
influence of selective coronary arteriography on left 
ventricular function. Therefore, this study was per- 
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FIGURE 2. Values for end-diastolic volume index (EDVI) (top) end- 
systolic volume index (ESVI) (middle), and ejection fraction (EF) (bottom) 

both before and after selective coronary arteriography in the 19 patients 

who underwent contrast ventriculography and in the 11 who underwent 

equilibrium gated blood pool imaging. Conventions are as in Figure 1. 

In both groups, there was no significant change in the three variables 

from just before to just after selective coronary arteriography. Even in 

the patients with an extremely poor ejection fraction during the first 

assessment, coronary arteriography did not adversely affect ejection 

fraction. 
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formed to assess the effect of selective coronary arteri- 
ography on left ventricular volumes and ejection frac- 
tion in man. 

Effect of contrast ventriculography: The rapid 
intravascular administration of a large quantity of 
contrast material (0.6 to 1.0 ml/kg body weight) has 
been demonstrated to exert a profound effect on cardiac 
output, intracardiac pressures and ventricular perfor- 
mance. Within the Ist minute after such an intravas- 
cular injection, cardiac output increases substantially 
(by as much as 50 percent),!? systemic arterial pressure 
decreases (by as much as 20 to 30 percent);? heart rate 
increases by 10 to 15 percent? and pulmonary arterial, 
left atrial and left ventricular end-diastolic pressures 
increase substantially.?5-7 Simultaneously, myocardial 
“contractility” decreases.59.1? These variables gradually 
return to baseline over the ensuing 15 to 20 minutes. 
Specifically, systemic arterial pressure and heart rate 
return to the baseline values within 3 to 4 minutes? 
whereas cardiac output and left ventricular end-dia- 
stolic pressure revert to their baseline values within 15 
to 20 minutes.!° Therefore, by 15 to 20 minutes after a 
large intravascular injection of radiographic contrast 
material, no alterations in cardiac output or intracardiac 
pressures are demonstrable. 

Effect of coronary arteriography: In contradis- 
tinction to a large intravascular injection of radiographic 
contrast material, selective coronary arteriography in- 
volves the repetitive injection of contrast medium into 
the coronary arteries in relatively small amounts (5 to 
10 ml/injection). The left coronary artery usually re- 
ceives three to six injections over a period of 3 to 10 
minutes, and the right coronary artery receives two to 
three injections over 2 to 4 minutes. Although selective 
coronary arteriography causes a transient reduction in 
systemic arterial pressure and heart rate, these variables 
generally return to baseline within 15 to 30 seconds. 
Cardiac output and stroke volume are not altered by 
selective coronary arteriography.? However, like large 
intravascular injections of contrast material, selective 
coronary arteriography causes an increase in left ven- 
tricular end-diastolic pressure. In fact, some investi- 
gators? have attempted to utilize the magnitude of this 
increase in left ventricular end-diastolic pressure after 
selective coronary arteriography as an index of the se- 
verity of the cardiac disease. Our study demonstrates 
clearly that left ventricular end-diastolic pressure is 
increased modestly but significantly by selective coro- 
nary arteriography. Specifically, in our patients end- 
diastolic pressure increased from 13.3 + 6.8 mm Hg 
before coronary arteriography to 17.3 + 6.9 mm Hg 
immediately after coronary arteriography. 

There have been some previous attempts to deter- 
mine the effect of selective coronary arteriography on 
left ventricular volumes and ejection fraction. In dogs, 
coronary arteriography caused a modest increase in left 
ventricular end-diastolic and end-systolic volumes but 
no change in ejection fraction.? In human beings, con- 
trast left ventriculography was performed immediately 
before and after selective coronary arteriography, and 
values for left ventricular volumes and ejection fraction 
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during the second ventriculogram were compared with 
those during the first; no significant alterations occurred 
in end-diastolic or end-systolic volume or in ejection 
fraction.?! Our study also demonstrates that left ven- 
tricular volumes and ejection fraction assessed angio- 
graphically are not altered by selective coronary arte- 
riography. Specifically, in our Group A, left ventricular 
end-diastolic and end-systolic volumes and ejection 
fraction were measured with contrast left ventriculog- 
raphy both before and after selective coronary arteri- 
ography. Because the second ventriculogram was per- 
formed an average of 35.6 + 9.4 minutes (range 19 to 55) 
after the initial ventriculogram, the second ventricu- 
logram probably was not influenced by the first bolus 
injection of contrast material. When values for ven- 
tricular volumes and ejection fraction during the second 
ventriculogram were compared with those during the 
first ventriculogram, there was no significant difference 
(Fig. 2). Even in patients whose ejection fraction was 
substantially depressed, selective coronary arteriogra- 
phy did not influence left ventricular volumes or ejec- 
tion fraction. 

Role of equilibrium gated blood pool imaging: 
Previous studies! have shown that a large bolus in- 
jection of contrast material exerts a demonstrable he- 
modynamic effect for 15 to 20 minutes. In the present 
study, because the second contrast ventriculogram was 
performed 35.6 + 9.4 minutes after the first ventricu- 
logram, it is unlikely that ventricular function at the 
time of the second ventriculogram was affected by the 
first. However, to eliminate any possible influence of a 
residual effect, we performed equilibrium gated blood 
pool imaging immediately before and after selective 
coronary arteriography in 11 patients (Group B). Like 
contrast ventriculography, equilibrium gated blood pool 
imaging allows the quantitation of left ventricular vol- 
umes and ejection fraction!? but, unlike ventriculog- 
raphy, it exerts no discernible effect on hemodynamic 
variables or ventricular function. Thus, performing 
blood pool imaging before and after selective coronary 
arteriography allowed us to assess the effect of coronary 
arteriography alone on left ventricular performance 
without the residual effect (small though it may be) of 
previous contrast ventriculography. In our Group B (as 
in Group A), ventricular volumes and ejection fraction 
were not influenced by selective coronary arteriog- 
raphy. 

Mechanisms of depressed left ventricular per- 
formance: Several studies have attempted to elucidate 
the mechanisms whereby radiographic contrast mate- 
rials cause a transient depression of left ventricular 
performance. The extreme hyperosmolarity (about 
1,800 milliosmoles/liter) and high sodium content 
(approximately 190 mEq/liter) of the commonly em- 
ployed contrast materials contribute substantially to 
this depression.!!,22 In addition, recent studies in the 
anesthetized dog have shown that the intracoronary 
administration of radiographic contrast material causes 
a profound transient decline in the concentration of 
both total and ionized calcium within the blood per- 
fusing the myocardium. This diminution of calcium is 
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associated with a concomitant brief (30 to 45 seconds) 
reduction in left ventricular contractile force.!? 

In our study, the second assessment of left ventricular 
volumes and ejection fraction was performed 5.3 + 1.3 
minutes (range 3 to 8) after the final injection into the 
right coronary artery. During this time period, a cath- 
eter exchange was performed, and left ventricular and 
systemic arterial pressures were recorded. It is con- 
ceivable that such an assessment performed within 1 to 
2 minutes of selective coronary arteriography might 
have demonstrated a residual depressant effect of 
contrast material on left ventricular performance. 

Implications: This study demonstrates that selective 
coronary arteriography does not alter left ventricular 
volumes or ejection fraction, even in patients with se- 
verely depressed ventricular function. However, selec- 
tive coronary arteriography does affect left ventricular 
end-diastolic pressure. Therefore, intracardiac pres- 


sures should be measured before the injection of ra- 
diographic contrast material, but left ventricular vol- 
umes and ejection fraction can be quantitated at any 
time during catheterization, even after selective coro- 
nary arteriography. Patients in clinically unstable 
condition may tolerate injections of contrast material 
poorly. In such patients, it may be preferable to assess 
coronary arterial anatomy as quickly as possible, thus 
postponing an evaluation of left ventricular volumes and 
ejection fraction until such coronary arteriography has 
been completed. 
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Regional left ventricular wall motion was independently assessed in 436 
patients using both subjective visual inspection of ventriculograms and 
objective computer-determined percent change in the square root of the 
area between systolic and diastolic outlines. Agreement between sub- 
jective and objective techniques was greatest at the ventricular apex and 
least at the base and partly dependent on the number of abnormal seg- 
ments present. Objective analysis of regional wall motion provides a 
permanent quantitative record of wall motion and shows good agreement 
with meticulous subjective inspection of ventriculograms. As such, it has 
potential as an adjunct to ventriculography. 


Although various noninvasive techniques have been used to assess left 
ventricular function, left ventricular cineangiography remains the 
standard of reference in studies dealing with impairment of left ven- 
tricular performance.!-* The determination of ventricular volumes and 
ejection phase indexes from cineangiographic frames has been facilitated 
by the development of simple quantitative methods.? However, regional 
wall motion has proved less susceptible to quantitative analysis and is 
most often assessed visually. The error inherent in subjective (versus 
objective) readings of ventricular wall motion was clearly demonstrated 
by Chaitman et al. In this paper we compared an objective method of 
wall motion analysis with subjective readings performed by experienced 
observers. The results of correlation of subjective with objective methods 
in more than 400 ventriculograms suggest that the objective technique 
is valuable as both (1) a check on subjective ventriculographic readings, 
and (2) a permanent quantitative document that may be carried in the 
outpatient chart in either numerical or graphic form. 


Methods 


Patients: The ventriculograms of 436 patients who underwent selective cor- 
onary arteriography and left ventriculography between 1972 and 1977 were re- 
viewed. All patients had isolated coronary artery disease and complained of 
angina pectoris. 

Ventriculography and subjective analysis: More than 90 percent of the 
angiographic studies were performed percutaneously from the femoral artery; 
the remainder were performed from the brachial artery using a cutdown in the 
arm. The left ventriculograms were exposed on 35 mm film at 60 frames/s in the 
right anterior oblique projection using a Philips 9 inch (22.9 cm) cesium iodide 
image intensifier system (Philips Medical Systems, Inc., Shelton, Connecticut). 
Forty-five cc of 76 percent meglumine diatrizoate was injected into the left 
ventricle in 3 seconds using a power injector. Only frames separated from ectopic 
beats by at least two cardiac cycles were analyzed. All films were of excellent 
quality. The ventriculograms were divided into five left ventricular areas (Fig. 
1) and each area was reviewed by three experienced physicians. A consensus was 
reached when differences existed in the interpretation of this material; such 
differences were rare and minor in nature. Ejection fraction was calculated from 
a standard formula. 
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Objective analysis: Regional left ventricular wall motion 
was analyzed by a method we’ previously reported. Each left 
ventriculogram was manually traced onto a Talos XY digitizer 
(Talos, Inc., Scottsdale, Arizona). The magnification correc- 
tion grid and end-diastolic and end-systolic frames were 
digitized. The ventricular ejection fraction was computed 
using a desk-top calculator (Tektronix 4051) interfaced with 
the digitizer. The calculator was programmed to check and 
correct for rotation and translation of the left ventricle during 
the cardiac cycle by rotating the systolic outline about the 
points of intersection of the long axes or, when these were 
parallel, shifting the systolic outline perpendicularly until the 
long axes overlapped. Segmental wall motion was analyzed 
by dividing the ventricular area into 12 pie-shaped sections 
originating from the center of the long axis at end-diastole 
(Fig. 2). This was accomplished by transforming the Cartesian 
coordinates characterizing the diastolic and systolic outlines 
into polar coordinates” ® originating from the center, which 
was assumed to be at the mid point of the diastolic long axis. 
The diastolic (Ap;) and systolic (Ag;) areas of each segment 
(i) were calculated. The motion of each pie-shaped segment 
was expressed as the difference between the square roots of 
Ap; and Ag; divided by the square root of Api, or percent 
change in the square root of area between diastole and systole 
for any itt segment (%Aw/Aj). 

Data analysis: Subjective analysis of left ventricular wall 
motion area was compared blindly with computer-assisted 
wall motion segmental analysis. This was accomplished by 
deletion of computer segments 1 and 12 (Fig. 2) and compar- 
ison of subjectively analyzed left ventricular areas 1, 2, 3, 4 and 
5 (Fig. 1) with the computer-analyzed segments 2 to 3, 4 to 5, 
6 to 7, 8 to 9 and 10 to 11 (Fig. 2). Any computer-analyzed 
segmental pair was classified as abnormal if either of the two 
segments composing a pair showed a value for %A,/A below 
the mean value —1.5 standard deviations derived from ven- 
triculograms of 48 normal adults? (Fig. 3). The standard de- 
viation of 1.5 was chosen because (1) it resulted in approxi- 
mately the same number of abnormal interpretations as did 
the meticulous subjective technique; (2) the occurrence of 
hyperkinesia tended to increase the mean scores of the group 
as a whole, permitting the *minus standard deviation" number 


to be less negative yet still pick up abnormal readings; and (3) 


the false-positive reading below mean —1.5 standard devia- 
tions in the normal population? was 4 percent for 5 of the 12 
segments, 2 percent for 3 segments, and 0 percent for the re- 
maining 4 segments (Fig. 2). 
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FIGURE 2. Objective, computer-assisted ventriculogram analysis: 
Systolic and diastolic outlines are partitioned into 12 equal segments, 
0° falling at the mid point of the aortic valve; segments 30° to 90°, 90° 
to 150°, 150° to 210°, 210° to 270° and 270° to 330° correspond to 
areas 1, 2, 3, 4 and 5, respectively, in Figure 1. 
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FIGURE 1. Subjective ventriculographic analysis. Systolic and diastolic 
outlines are visually partitioned into five areas, each assessed as normal 
or abnormal. ` 


For each of 436 patients, subjective readings (normal or 
abnormal) for five areas were superimposed on five paired 
segmental, objective computer-analyzed readings. Each 
normal-normal or abnormal-abnormal concordant result was 
counted as a scored point. Perfect subjective-objective cor- 
relation in one patient would therefore yield a maximum of 
five agreement points. It was obvious to us that occasionally 
an abnormal left ventricular area might be read as occurring 
in a given sector by the subjective method, whereas the com- 
puter might classify the same abnormal motion as occurring 
in an adjacent left ventricular sector. This would lead to two 
scoring errors (abnormal-normal; normal-abnormal) and 
would tend to obscure the fact that both cardiologist and 
computer responded to abnormal wall motion in one general 
vicinity. Nevertheless, our rigorous scoring system, with a total 
of five subjective-objective agreement points per patient, was 
followed. 

The distribution of regional wall motion interpretations 
by subjective examiner and computer were depicted as 2 by 
2 matrixes. With use of the subjective method as a standard, 
the sensitivity, specificity, predictive value of a positive test 
and predictive value of a negative test of the computer tech- 
nique were determined. An instance in which the computer 
identified a segment as abnormal but the subjective examiner 
called it normal was considered false positive (FP). Con- 
versely, a normal computer reading on a segment judged ab- 
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FIGURE 3. Computer-derived normal values for segmental wall motion 
(mean + 1.5 standard deviations) in 48 normal adults.’ Wall motion is 
expressed as percent change in the square root of the area between 
diastole and systole (96 A4/ A) for each of the 12 segments shown in 
Figure 2. 
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normal by the subjective examiner was considered false neg- 
ative (FN). True negative (TN) and true positive (TP) scores 
represented subjective-objective agreement. Sensitivity was 
computed as TP/(TP + FN), specificity as TN/(TN + FP), 
predictive value of a positive test as TP/(TP + FP) and pre- 
dictive value of a negative test as TN/(TN + FN). 

Ejection fractions determined with standard planimetric 
techniques were correlated with computer-determined values 
for all patients. The r value was estimated by calculating the 
Pearson product-moment correlation coefficient. 


Results 


Ejection fraction obtained with standard planimetric 
techniques correlated highly (r = 0.94) with ejection 
fraction obtained with the computer method. This value 
was statistically significant (p <0.001). 

Regional wall motion: Table I shows the distribu- 
tion of regional wall motion interpretations in 436 pa- 
tients. Sensitivity, specificity, predictive value of a 
positive test and predictive value of a negative test of 
the computer method compared with values obtained 
with subjective readings are shown together with an 
agreement score. 

These data can be summarized in the following 
fashion: (1) Normal areas predominated in all ventric- 
ular regions, disproportionately so in area 1. (2) Con- 
cordance was weakest at the ventricular base and 
strongest at the apex. (3) The high percent of normal- 
normal agreement in area 1 reflects the small number 
of abnormal segments detected in this area. The pre- 
dictive value of an abnormal finding with the computer 


TABLE | 


method was low (12.1 percent). (4) When the subjective 
method was used as a standard, computer analysis of 
regional wall motion had fair sensitivity (62.2 percent 
overall, with the least sensitivity in the diaphragmatic 
area) but had very high specificity (89.4 percent overall). 
(5) Total subjective-computer agreement was high 
overall (83 percent concordance). 

The possibility that the number of abnormal areas 
affected concordance was examined. Table IIA shows 
the number of patients with 0, 1, 2, 3, 4 or 5 abnormal 
areas by subjective, computer or combined techniques, 
and Table IIB shows for each group an average agree- 
ment score. 

This information is summarized as follows: (1) 
Generally there were modest differences between 
methods in the number of patients with a given number 
of abnormal areas. (2) T'here was a descending order of 
frequency from no abnormal areas to five abnormal 
areas, although abnormalities in paired areas may occur 
slightly more often than abnormalities in a single area. 
(3) Concordance appeared to be influenced by the 
number of abnormal areas. Agreement was inversely 
related to the number of abnormal areas until the 
largest number (five) was reached, at which point 
agreement increased. 


Discussion 


Subjective versus objective computer analysis of 
ventricular wall motion: We were able to characterize 
left ventricular wall motion adequately with use of 


Distribution, Sensitivity and Specificity of Regional Wall Motion Findings: Data Derived by Comparing Computer-Assisted 


Interpretation With Subjective Observer Interpretation Used as Reference 
el € EL ge ee MTM xU" Atl siio 7 Y Yes oai. 


Computer: 
Normal Abnormal 
Subjective Normal NN NA TN. CPP 
Examiner: Abnormal AN AA o FN TP where n — 436 patients, 2180 segments 
Predictive Predictive 
Value of Value of 
Percent Agree- Positive Negative 
Sensitivity Specificity ment (normal- Test Test 
Computer (96) normal 96 plus (96) (96) 
Distribution Percent T TN abnormal-ab- TP TN 
(Number of Segments) Distribution TP + FN TN + FP normal 96) "TP FP TN + FN 
Subjective 
areas 1-5 N 1472 174 67.5 8.0 62.0 89.4 82.7 65.5 87.9 
1. Antero- N 402 29 929 6.7 81.0 93.2 93.1 11.8 99.8 
basal area Á 1 4 é . 
2. Antero- N 264 31 60.5 7.4 59.6 89.5 79.8 73.1 82.2 
lateral area A 57 : j 
3. Apical area N 260 36 59.6 8.3 74.1 87.8 83.4 74.1 87.8 
A 36 104 à ; 
4. Diaphragmatic N 276 9 63.3 2.1 49.7 96.8 80.5 89.1 78.4 
area A 76 17.4 
5. Posterobasal N 270 69 61.9 15.8 67.3 79.7 76.9 48.7 89.5 
area A 32 à 15.0 


A = abnormal; FN = false negative; FP = false positive; N = normal; TN = true negative; TP = true positive. 
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subjective and objective assessments around the left 
ventricular perimeter. There was generally good 
agreement between cardiologist and computer on nor- 
mal and abnormal motion with the computer pro- 
grammed for confidence limits (1.5 standard deviations) 
based on studies in 48 healthy adults. Computer-de- 
termined ejection fraction correlated highly with the 
value determined with planimetry. Agreement between 
subjective and objective methods was not equal in all 
areas. The 93 percent agreement reported for area 1 
(anterobasal) was partly a consequence of the small 
number of abnormal segments (34) detected with either 
method; thus, both computer (92 percent) and cardi- 
ologist (99 percent) were likely to judge area 1 normal 
in most patients, thereby producing nearly perfect 
agreement. 

In areas two through five (anterolateral, apex, dia- 
phragmatic and posterobasal) the majority of abnormal 
areas were detected. The greatest frequency of abnor- 
mal left ventricular areas and the greatest subjective- 
objective concordance occurred at the ventricular apex 
(83 percent), a highly visible and well defined myocar- 
dial region. On either side of the apex (anterolateral and 
diaphragmatic areas) agreement was equal (80 percent). 
Subjective-objective agreement decreased to 78 percent 
in the less clearly defined posterobasal area. 

When a meticulous subjective analysis of ventricular 
wall motion is used as the "gold standard," the sensi- 


tivity and specificity of the more objective computer. 


technique can be examined. We found sensitivity in 
various regions to range from 50 to 80 percent. However, 
specificity was considerably higher (about 90 percent 
overall). It was also apparent that the number of ab- 
normal segments influenced subjective computer con- 
cordance: The highest values were obtained for patients 
with no, one or five abnormal segments. 

Advantages of computer-assisted analysis of wall 
motion: Chaitman et al. have previously attempted to 


TABLE IIA 


compare objective and subjective analysis of left ven- 
tricular angiograms. These investigators found wide 
variability (nearly 30 percent) in regional wall motion 
assessments between a subjective observer and an ob- 
jective area-chord technique. Better concordance oc- 
curred between subjective observers (24 percent), be- 
tween observers using an objective technique (8 percent) 
and between the same observer on different occasions 
(1 percent). Obviously, in clinical studies the informa- 
tion of greatest scientific value is that which can be 
obtained not only by one observer but also by many 
observers in an independent, reproducible way. More- 
over, the less judgment or skill requisite to interpret 
such information, the more shareable it is with non- 
specialists. We believe that computer-assisted analysis 
of regional left ventricular wall motion provides an ob- 
jective, highly transferable record that compares fa- 
vorably with the subjective technique now in use; this 
analysis is more descriptive than a subjective observer's 
dictation, easier to find and use than the cine films from 
which the analysis was taken, and more shareable with 
nonspecialists than the standard ventriculographic 
report. 

'T'his is not the first description of a semiautomated 
technique for evaluation of left ventricular regional wall 
motion.9? However, it does analyze an unusually large 
sample size using percent change in the square root of 
the area between systole and diastole as an index of 
segmental activity. The similar area technique has 
previously been validated as superior to chord and ra- 
dius methods for left ventricular wall motion analysis.‘ 
By taking the square root of radially distributed seg- 
ments, we provide the additional benefit of obtaining 
an average measure of radius. 

Implications: On occasion the computer has detected 
wall motion abnormalities that were previously missed 
on subjective visual analysis and later confirmed on 
reexamination of the angiographic films.!? We did not 


Number of Patients (96) With 0, 1, 2, 3, 4 or 5 Abnormal Areas Detected With Various Methods 


Abnormal Areas 








0 2 3 4 5 
a. By subjective examiner 184 (42.2) 81 (18.6) 98 (22.5) 41 (9.4) 29 (6.7) 3 (0.7) 
b. By computer technique 185 (42.4) 98 (22.5) 90 (20.6) 37 (8.5) 17 (3.9) 9 (2.1) 
c. Any segment abnormal by either a or b 126 (28.9) 92 (21.1) 106 (24.3) 62 (14.2) 31 (7.1) 19 (4.4) 


TABLE IIB 


Agreement Scores in Patients With 0, 1, 2, 3, 4 or 5 Abnormal Areas (scores are normal/normal + abnormal/abnormal 


relations divided by number of patients) 


Abnormal Areas 








a. By subjective examiner 4.60 3.90 3.96 3.39 3.44 4.33 
b. By computer technique 4.53 3.81 4.00 3.67 3.53 3.89 
c. Any segment abnormal by either a or b 5.00 4.16 3.91 3.39 3.29 3.21 
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reevaluate our angiograms in cases of false positive or 
false negative results to determine which method was 
“wrong.” Had we used the objective technique rather 
than visual inspection as the “gold standard,” the re- 
spective values for sensitivity and specificity and the 
predictive values of positive and negative tests would 


have merely been reversed. Our findings do not resolve 
whether the computer or the subjective technique is 
more correct. Our study was designed not to answer this 
question but, rather, to examine objective regional wall 
motion analysis in the light of current practice (sub- 
jective analysis) so that differences may be noted. 
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In conventional cross-sectional echocardiography, the configuration of 
the chest or the presence of excessive chest wall tissue or air-containing 
lung often limits the resolution and field of view. To increase the diagnostic 
capability of cross-sectional echocardiography, a transesophageal ul- 
trasonic high speed rotating scanner that can obtain cardiac images 
without hindrance from ribs, sternum and lung was developed. The scanner 
uses a single small transducer with a flexible shaft to permit easy swal- 
lowing by adults and mechanically scans ultrasonic beams within the 
esophagus. The small transducer in the esophagus is rotated through a 
full 360? at a rate of 15 to 50 cycles/s, and cardiac images obtained 
through the esophageal wall are displayed on a cathode ray tube in real 
time. The transesophageal scanning technique was evaluated in more 
than 50 adult patients. Aside from some slight gagging, no serious com- 
plications were encountered. In all patients, high quality images of most 
portions of the heart were obtained. There was little difference in the image 
quality among various patients. 


Cross-sectional echocardiography has become an extremely important 
diagnostic technique. It provides, by noninvasive means, valuable in- 
formation about cardiac anatomy and function not otherwise obtainable 
without significant risk and discomfort to the patient.!-? However, the 
configuration of the chest or the presence of excessive chest wall tissue 
or air-containing lung often limits the resolution and field of view in 
conventional cross-sectional echocardiography.’ Consequently, it is 
sometimes difficult to obtain cardiac images of diagnostic quality in 
patients who are obese or elderly or have chronic obstructive pulmonary 
disease. To minimize these limitations, we’ developed a transesophageal 
ultrasonic sector scanner that can obtain images of the heart without 
hindrance from the ribs, sternum or lungs. However, with this system 
the flexible shaft is relatively thick and the field of view is limited. In 
addition, the vibration the patient feels when the transducer is inserted 
into the esophagus may be uncomfortable. To increase the diagnostic 
capability of transesophageal cross-sectional echocardiography and to 
decrease patient discomfort during examination, we recently developed 
a new transesophageal ultrasonic rotating scanner that rotates a single 
small transducer through a full 360? in the esophagus. 


Methods 


Transesophageal rotating scanner: The scanner uses a single small 
transducer and mechanically scans ultrasonic beams within the esophagus (Fig. 
1). The scanner consists of a flexible rotating shaft with a shaft housing and a 
drive system. A transducer and a slip-ring commutator are positioned at the tip 
of the flexible rotating shaft and enclosed in an oil bag (maximal diameter 15 
mm). The oil bag can be filled with oil by means of an injector, and it is so elastic 
that its diameter varies in accordance with the amount of oil. The transducer 
is mounted in a 12 by 20 by 6 mm casing with rounded edges for easy esophageal 
passage. It has a frequency of 2.25 or 3.5 megahertz, a diameter of 10 mm and 
focus of 7.5 cm. The flexible rotating shaft is enclosed in an iron flexible shaft 
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FIGURE 1. Diagrammatic illustration of the transesophageal high speed 
rotating scanner. A small transducer in the esophagus is rotated through 
a full 360? through a flexible shaft by a motor at 15 to 50 cycles/s. 
Although the small transducer is rotated with great speed in the patient's 
esophagus, no damage results because the transducer is safely en- 
veloped in an oil bag. 
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housing (diameter approximately 7 mm) which is wrapped 
with vinyl chloride tape. The length of the shaft and housing 
is about 40 cm (Fig. 2). Patients can easily swallow the flexible 
shaft and its housing with the small transducer. 

The transducer in the esophagus is rotated through a full 
360° by the flexible rotating shaft and a motor at a rate of 15 
to 50 cycles/s. The ultrasonic beam is swept radially so that 
the plane of the scan is perpendicular to the rotating shaft. 
The orientation of the transducer in the esophagus is detected 
continuously by a potentiometer installed in the drive system. 
The signals of the reflected echoes are transmitted through 
the commutator and flexible housing that contains the flexible 
rotating shaft and are displayed on a cathode ray tube in the 
B mode so that the angle of an individual scanning line is equal 
to the angle of the transducer at the same instant. In this way, 
horizontal cross-sectional images of the heart obtained 
through the esophageal wall are displayed on the cathode ray 
tube at a rate of 15 to 50 fields/s. Maximal selective pulse 
repetition frequency is 6.0 kilohertz. The field of view varies 
in depth from 10 to 17 cm according to the pulse repetition 
frequency. Although the ultrasonic beam is swept radially, the 
display angle is fixed at 180° or 260° (display angle without 
distortion is always 180°). In this system, only one commu- 
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FIGURE 3. Transducer and commutator in oil bag. Sound energy is 
coupled to and from the transducer through the slip-ring commutator 
because of the full 360? rotation of the transducer. 
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FIGURE 2. Transesophageal high speed rotating scanner. 


tator is used because the flexible rotating shaft in the flexible 
shaft housing acts as another commutator. Although the 
transducer and flexible shaft are rotated through a full 360? 
at high frequency, the external flexible housing remains sta- 
tionary. Moreover, the enveloping oil bag prevents trauma to 
the esophagus (Fig. 3). Although this scanner is compatible 
with many commercially available ultrasonic systems, a 
Toshiba (model SSL-51H) transmitter-receiver was used in > 
order to operate the scanner as a complete system. | 

All studies were stored on 8 or 16 mm cine film. Images were 
also recorded in real time on videotape. 

Examination technique: This system was evaluated in 67 
adult patients (average age 33.9 years, [range 17 to 73], average 
height 161.7 cm, average body weight 56.7 kg). Before exam- 
ination, each patient usually received 0.5 mg of atropine sul- 
fate and 10 mg of diazepam intramuscularly and 3 g of lido- 
caine jelly orally. The patient's throat was sprayed with 4 
percent lidocaine liquid. Lidocaine jelly was applied to the oil 
bag and flexible housing in order to minimize discomfort and 
loss of contact with the esophageal wall. Insertion of the 
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FIGURE 4. Schematic diagram showing the transducer position and 
typical horizontal section of the heart. The heart is viewed from the 
cardiac apex. The esophagus is contiguous to the heart and the heart 
is observed through the thin esophageal wall without hindrance from 
the ribs, sternum and lungs. The dotted line (arrow A) shows the area 
that can be observed by the transesophageal scanner. LA = left atrium; 
LV = left ventricle; RA = right atrium; RV = right ventricle. 
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transducer was usually performed with subjects in the left 
lateral position. The transesophageal ultrasonic exmination 
was completed with the patients in the same position. 

Usually, cardiac images were observed with the transducer 
inserted at a level of 30 to 40 cm. The image produced by this 
system is difficult to identify in comparison with that pro- 
duced in conventional echocardiography. Figure 4 shows the 
orientation of the image produced by this system at the level 
of the mitral valve. The image appears as a horizontal section 
of the thorax viewed from the cardiac apex. 


Results 


Subjects usually swallowed the oil bag as easily as 
they would a commercially available gastrofiberscope. 
Gagging in various degrees was sometimes encountered 
until the oil bag had passed the upper part of the 
esophagus. Once this area had been reached, insertion 
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was easy. Cardiac images of high quality were obtained 
in all subjects. At the level of the mitral valve, complete 
four chamber views could be observed. Unlike the pro- 
cedure in conventional external echocardiography, 
images of the heart from base to apex were observed 
continuously as the transducer was withdrawn or ad- 
vanced in the esophagus. Examples of transesophageal 
cross-sectional echocardiograms obtained in this study 
are shown in Figures 5 to 8. 

Figure 5 shows paired diastolic and systolic scans at 
the level of the mitral valve in a patient with mitral 
stenosis. The cross section is horizontal and shows the 
heart as viewed from the apex. The esophagus is on the 
left side of the images. The left atrium is contiguous to 
the esophagus. The chambers are side by side and both 
atria and ventricles are separated by the septa and 
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FIGURE 5. Transesophageal cross-sectional echocardiograms in a patient with mitral stenosis. The cross section is horizontal and shows the heart 
as viewed from the cardiac apex. A, a frame during diastole and B, a frame during systole. A stenotic mitral orifice (in A) is seen between the tips 
of the thickened mitral leaflets. The interatrial septum (IAS) is seen without dropout. AML = anterior mitral leaflet; ESO = esophagus; IVS = inter- 


ventricular septum; LA = left atrium; LV = left ventricle; PML = posterior mitral leaflet; RA = right atrium; RV = right ventricle; TV = tricuspid 
valve. 
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FIGURE 6. Same patient. Transesophageal horizontal cross-sectional echocardiogram at the level of the aortic valve. The heart is in diastole with 
the aortic valve (AV) cusps in the closed position. The left atrium (LA) is extremely enlarged. The right ventricular outflow tract (RVOT) is seen proximal 


to the large aorta. Unidentified abbreviations as in Figure 5. 


atrioventricular valves. The left atrium is extremely 
enlarged. A stenotic mitral valve orifice (Fig. 5A) is seen 
between the tips of the thickened mitral leaflets. In 
contrast to the parasternal approach, the interatrial 
septum is seen in its entirety without dropout. On 
withdrawal of the transducer from this position, the 
aortic valve is seen (Fig. 6). 





FIGURE 7. Transesophageal horizontal cross-sectional echocardiogram 
in a patient with an ostium secondum atrial septal defect. The large right 
atrium (RA) is seen. The defect (D) appears as an echo-free space in 
the mid portion of the interatrial septum (IAS) (arrow). Unidentified 
abbreviations as in Figure 5. 
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Figure 7 shows a horizontal scan at the level of the 
mitral valve in a patient with an ostium secondum 
atrial septal defect. The right atrium is enlarged. The 
area of echo loss in the mid portion of the septum re- 
flects the location of the defect. Figure 8 shows a hori- 
zontal scan after repair of the defect; in this study, the 
interatrial septum is imaged almost continuously. 
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FIGURE 8. Same patient. Transesophageal cross-sectional echocar- 
diogram after repair of the atrial septal defect. The repaired interatrial 
septum (IAS) is now imaged almost continuously. Abbreviations as in 
Figure 5. 
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Discussion 


Ultrasonic techniques are fundamentally limited by 
the quality of sound transmission characteristics in a 
given patient. Images are impaired by chronic lung 
disease, abnormal chest wall configuration or age of the 
patient. Frazin et al.’ reported that satisfactory M mode 
echoes through the chest wall cannot be obtained in 
about 20 percent of the patients examined. To circum- 
vent this problem, they recorded M mode echocardio- 
grams through the esophagus using a small transducer 
that patients can swallow. In contrast, we!? developed 
a transesophageal pulsed Doppler echocardiographic 
system. The same limitations imposed by thoracic 
anatomy are encountered with cross-sectional echo- 
cardiographic images. Even in patients who have a 
normal echo window, it is impossible to observe all areas 
of the heart. 

Transesophageal echocardiography provides a wider 
area for study of the heart than is available with a con- 
ventional external system. Cardiac images are observed 
through thin tissues in which ultrasonic absorption is 
very low (Fig. 4). Because there are no obstructions 
between the transducer and the heart except for the thin 
esophageal wall, there is little difference in the image 
quality among subjects. In clinical examinations, com- 
plete four chamber views could be obtained easily. 

Insertion of the transducer and influence of the 
transducer rotating motion: We found that the 
technique for recording cross-sectional cardiac images 
through the esophagus presented no more problems 
than those encountered when observing the stomach 
with a commercially available gastrofiberscope. The 
scanning device uses a flexible shaft with a small 
transducer that is easily swallowed. Although the 
transducer is moved rapidly in the patient’s esophagus, 
the latter is not damaged because the transducer is en- 
closed in an oil bag. In clinical examinations, the amount 
of oil in the oil bag was slightly decreased before inser- 
tion in order to facilitate insertion of the transducer into 
the esophagus. After insertion, oil was injected into the 
bag to obtain good contact between the esophageal wall 
and oil bag. After insertion to the 30 to 40 cm level, 
cardiac images of high quality were easily obtained. 
Apart from gagging, no serious complications were en- 
countered. The new scanner largely overcame the 
problem of patient discomfort caused by transducer 
movement. The vibration felt by the patient during the 
examination decreased so remarkably that the rotation 
of the transducer was hardly perceived. 

The electronic sector scanning system, which relies 
on the phased array principle, is optimal for cardiac 
imaging through the chest wall. However, we found this 
system inadequate for transesophageal imaging. One 
limitation is the low frequency of the transducer and 
another is the narrow field of view near the transducer 
in comparison with that of a mechanical rotating scan- 
ner. In addition, the electronic sector scanner needs 
numerous coaxial cables for many linearly arranged 
transducers. Therefore, we believe it is probably not 
suited for transesophageal scanning because of the 
proximity of the esophageal transducer to cardiac 
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structures and because of the difficulty of swallowing 
a linear array of transducers with many coaxial ca- 
bles. 

Transesophageal cardiac images: Unlike con- 
ventional external echocardiography, our new system 
can record cardiac images continuously from base to 
apex as the transducer is being withdrawn or advanced 
in the esophagus. In this study the transducer position 
was usually identified by the mitral or tricuspid valve 
echo because these echoes were most easily observed in 
the examination. In this position, so-called four cham- 
ber views were obtained (Fig. 5), and in all patients both 
the mitral and tricuspid valves were observed. By 
withdrawing the transducer from this position, we could 
observe the aorta, aortic valve and right ventricular 
outflow tract. In comparison with the transesophageal 
sector scanner, the esophageal rotating scanner imaged 
the entire heart because the field of view was magnified. 
In obese or elderly patients, the subcostal and para- 
sternal apical approaches using a conventional scanner 
have been used, but the quality of results was inferior 
to that obtained with the esophageal method. 

With regard to the atrial septum, the transesophageal 
view is essential and cannot be replaced by other views. 
Because the atrial septum is more perpendicular to the 
incident sound energy, fewer areas of echo dropout 
occur. The size and shape of the atria, movement of the 
atrial septum, interatrial septal defects and the effect 
of surgery were readily evaluated with the new method 
(Fig. 7 and 8). 

In the typical M mode esophageal echocardiographic 
study the target may sometimes be difficult to locate." 
However, with our system, it is easy to obtain M mode 
esophageal echocardiograms of various cardiac struc- 
tures. By observing B mode esophageal images, we were 
able to obtain a single M mode sweep of the desired 
target. 

Potential usefulness of the method: Although our 
system is in an early stage of development, our initial 
observations suggest some future applications. One is 
the detection of left atrial thrombus, which is sometimes 
difficult with the conventional method. With the new 
approach, an echo of the thrombus can be detected with 
relative ease, because the method provides complete 
imaging of the entire left atrium (Fig. 6). The approach 
also affords demonstration of a much larger area of both 
ventricles than is obtained with external views (Fig. 5), 
thus making it possible to analyze the left and right 
ventricles for size and position by a side by side com- 
parison. In addition, right and left ventricular anterior 
wall motion can be analyzed easily. Also, because the 
method affords an additional approach to imaging of 
the atrioventricular valves, it may be useful in studying 
valve disease and conditions such as mitral valve pro- 
lapse. 

Limitations: Because this technique is semi-invasive, 
it is difficult to perform in infants or children without 
sedation. Also, unlike the transthoracic mechanical 
sector scanner, whose display angle can be continuously 
varied, the display angle of the transesophageal rotating 
scanner is only 180 or 260°. Modifications are now being 
developed to overcome these limitations. 
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The ThinLith pacemakers remain among the 
lest and lightest on the market. Their proven record 
rformance and reliability means that you and your 
int can count on them year after year. 

Intermedics ThinLith pacemakers are available 


:omplete precautions, see the Physician's Manual for the Intermedics cardiac 
jenerator to be used. 

RAINDICATIONS AND SIDE EFFECTS There are no known contraindications to 
'of pacemakers as a medical method for control of heart rate. Body rejection 
mena, local tissue reaction or skin necrosis, muscle and nerve stimulation, em- 
, and cardiac tamponade have been reported. 


zht, 1980, Intermedics, Inc. 
th” isa registered trademark of Intermedics, Inc. 





to you with stimulation rates from 60 to 100 ppm and a 
universal connector which accepts most pacing leads 
without an adapter. 

For more information, contact your Intermedics 
Representative, or call us toll-free at 800-231-2330. 
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4 Intermedics lnc. 


PO. Box 617 Freeport, Texas 77541 
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What happens when they both need it? 


Does your hospital have 
enough defibrillator/monitors? 

In a building full of sick people, 
it is by nO Means unusual to experi- 
ence an urgent need for more than 
one defibrillator/monitor at any 
given moment. It is quite possible 
for cardiac emergency to strike any 
room, any floor, any time. And 
when it does, you want to be able 
to respond as rapidly as possible, 
without jeopardizing the safety 
of any other patient, without 
compromising the ability of any 
other department to deal with 
Cardiac emergency. 


Only 


makes the Lifepak? 








The time to make sure you're 
adequately equipped is now. One 
of our representatives will be happy 
to help you survey your need for 
acute cardiac care systems. We've 
said it before and we'll say it again: 
we don't wish to sell you a single 
unit more than you actually need. 
But we also don't think 
you should try to 
get by with a single 
unit less. 

Does your 
hospital have 
enough defibril- E 4 | 
lator/monitors? h or. T 
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Physio-Control is the world leader in acute cardiac care systems. 11811 Willows Road, Redmond, Washington 98052 U.S.A. 
(206) 881-4000/U.S. Telex: 320268, International Telex: 320166. Lifepak and Physio-Control are registered trademarks. 
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Just one KAON CL[*10 wax-matrix tablet 
b.i.d. supplies 20 mEq KCI. Two tablets b.i.d. supply 
40 mEq KCI. 


to comp 


makes it easier for your patients to follow your 


instructions...increases likelihood of full compliance. 





to take, easy to carry 


| KAON CL-10 tablets have no taste or 
ste...can beeasily carried anywhere. 


Brief Summary 


Description: Kaon CI"-10 mEq is a sugar coated (not enteric-coated) tablet containing 
750 mg potassium chloride (equivalent to 10 mEq potassium chloride) in a wax matrix. This 
formulation is intended to provide a controlled release of potassium from the matrix to mini- 
mize the likelihood of producing high localized concentrations of potassium within the 
gastrointestinal tract. 


Indications: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCER- 
ATION AND BLEEDING WITH SLOW RELEASE POTASSIUM CHLORIDE PREPARA- 
TIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PATIENTS WHO 
CANNOT TOLERATE OR REFUSE TO TAKE LIQUIDS OR EFFERVESCENT POTAS- 
SIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE IS A PROBLEM OF 
COMPLIANCE WITH THESE PREPARATIONS. 


1. For therapeutic use in patients with hypokalemia with or without metabolic alkalosis, in 
digitalis intoxication and in patients with hypokalemic familial periodic paralysis. 

2. For the prevention of potassium depletion when the dietary intake is inadequate in the 
following conditions: Patients receiving digitalis and diuretics for congestive heart failure; 
hepatic cirrhosis with ascites, states of aldosterone excess with normal renal function, 
potassium-losing nephropathy, and with certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated essential 
hypertension is often unnecessary when such patients have a normal dietary pattern. 
Serum potassium should be checked periodically, however, and if hypokalemia occurs, 
dietary supplementation with potassium-containing foods may be adequate to control 
Seve Cases, In more severe Cases supplementation with potassium salts may be indi- 
cated. 


Contraindications: Potassium supplements are contraindicated in patients with hyperka- 
lemia since a further increase in serum potassium concentration in such patients can pro- 
duce cardiac arrest. Hyperkalemia may complicate any of the following conditions: Chronic 
renal failure, systemic acidosis such as diabetic acidosis, acute dehydration, extensive tis- 
Sue breakdown as in severe burns, adrenal insufficiency, or the administration of a potas- 
Sium-sparing diuretic (e.g., spironolactone, triamterene). 


Wax-matrix potassium chloride preparations have produced esophageal ulceration in cer- 
tain cardiac patients with esophageal compression due to enlarged left atrium. Potassium 
supplementation, when indicated in such patients, should be with a liquid preparation. 


All solid dosage forms of potassium chloride supplements are contraindicated in any patient 
in whom there is cause for arrest or delay in tablet passage through the gastrointestinal 
tract. In these instances, potassium supplementation should be with a liquid preparation. 


Warnings: Hyperkalemia —In patients with impaired mechanisms for excreting potassium, 
the administration of potassium salts can produce hyperkalemia and cardiac arrest. This 
occurs most commonly in patients given potassium by the intravenous route but may also 
occur in patients given potassium orally. Potentially fatal hyperkalemia can develop rapidly 
and be asymptomatic. The use of potassium salts in patients with chronic renal disease, or 
any other condition which impairs potassium excretion, requires particularly careful moni- 
toring of the serum potassium concentration and appropriate dosage adjustment. 


Interaction with Potassium Sparing Diuretics—Hypokalemia should not be treated by the 
concomitant administration of potassium salts and a potassium-sparing diuretic (e.g., 


spironolactone or triamterene) since the simultaneous administration of these agents can 
produce severe hyperkalemia. 


Gastrointestinal Lesions—Potassium chloride tablets have produced stenotic and/or 
ulcerative lesions of the small bowel and deaths. These lesions are caused by a high local- 
ized concentration of potassium ion in the region of a rapidly dissolving tablet, which injures 
the bowel wall and thereby produces obstruction, hemorrhage, or perforation. Kaon CI" -10 
mEq (potassium chloride) is a wax-matrix tablet formulated to provide a controlled rate of 
release of potassium chloride and thus to minimize the possibility of a high local concentra- 
tion of potassium ion near the bowel wall. While the reported frequency of small bowel 







-to-remember b.i.d. dosage 


B.i.d. instead of conventional t.i.d. dosage 


Potassium therapy in two easy doses 


dosage adjustment 


Dosage may be individually adjuste 
based on logical, easy-to-determine multiples of 


on the purse 


KAON CL-10 tablets offer your patier 
greater economy because fewer tablets deliver th 
same amount of potassium at a lower cost. 


on the Gil tract 


Special wax-matrix delivery system 
gradual release of KCI over several hourst 
minimize high localized concentrations in the GI 
tract, thus minimizing the chance of Gil irritation. 
frequency of small bowel lesions with wax-matri» 
tablets is less than one per100,000 patient years. 


lesions is much less with wax-matrix tablets (less than one per 100,000 patient years 
with enteric-coated potassium chloride tablets (40-50 per 100,000 patient years) 
associated with wax-matrix tablets have been reported both in foreign countries and 
United States. In addition, perhaps because the wax-matrix preparations are not er 
coated and release potassium in the stomach, there have been reports of upper ga: 
testinal bleeding associated with these products. The total number of gastrointe 
lesions remains less than one per 100,000 patient years. Kaon CI-10 mEq should b 
continued immediately and the possibility of bowel obstruction or perforation consid 
severe vomiting, abdominal pain, distention, or gastrointestinal bleeding occurs. 


Metabolic Acidosis— Hypokalemia in patients with metabolic acidosis should be treate 
an alkalinizing potassium salt such as potassium bicarbonate, potassium citrate, pota 
acetate, or potassium gluconate. 


Precautions: The diagnosis of potassium depletion is ordinarily made by demonst 
hypokalemia in a patient with a clinical history suggesting some cause for potassium « 
tion. In interpreting the serum potassium level, the physician should bear in mind that 
alkalosis per se can produce hypokalemia in the absence of a deficit in total body pota 
while acute acidosis per se can increase the serum potassium concentration into the n 
range even in the presence of a reduced total body potassium. The treatment of pota 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis rec 
careful attention to acid-base balance and appropriate monitoring of serum electrolyte 
electrocardiogram, and the clinical status of the patient. 


Adverse Reactions: The most common adverse reactions to oral potassium salts are 
sea, vomiting, abdominal discomfort and diarrhea. These symptoms are due to irritati 
the gastrointestinal tract and are best managed by diluting the preparation further, takir 
dose with meals, or reducing the dose. 


The most severe adverse effects are hyperkalemia (see Contraindications, Warning: 
Overdosage) and gastrointestinal obstruction, bleeding or perforation (see Warnings). 


Overdosage: The administration of oral potassium salts to persons with normal exc! 
mechanisms for potassium rarely causes serious hyperkalemia. However, if exc! 
mechanisms are impaired or if potassium is administered too rapidly intravenously, p 
tially fatal hyperkalemia can result (see Contraindications and Warnings). It is importe 
recognize that hyperkalemia is usually asymptomatic and may be manifested only t 
increased serum potassium concentration and characteristic electrocardiographic che 
(peaking of T-waves, loss of P-wave, depression of S-T segment, and prolongation of tk 
interval). Late manifestations include muscle-paralysis and cardiovascular collapse 
cardiac arrest. 


Treatment measures for hyperkalemia include the following: 

1. Elimination of foods and medications containing potassium and of potassium-sp 
diuretics. 

2. Intravenous administration of 300 to 500 ml /hr of 1096 dextrose solution containing ` 
units of crystalline insulin per 1,000 ml. 

3. Correction of acidosis, if present, with intravenous sodium bicarbonate. 

4. Use of exchange resins, hemodialysis, or peritoneal dialysis. 


In treating hyperkalemia, it should be recalled that in patients who have been stabilize 
digitalis, too rapid a lowering of the serum potassium concentration can produce dic 
toxicity. 

Caution: Federal law prohibits dispensing without prescription. 


How Supplied: Bottles of 100 and 500; Stat-Pak* (Unit-Dose) box of 100. 
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o other arrhythmia detection system 


ramatically reduced false alarms 


e start with template matching—the preferred 
ethod—to discriminate between the patient's 
ominant beat and ectopics. But only Arrhythmia Il 
dds two unique features to screen out artifact, 

suring that only qualified ectopic activity 
iggers alarms or is included in trends: (1) each 
onormal beat must appear four times before it’s 

cepted as a “true” ectopic class, and (2) our 
bver-range’ circuitry suspends ECG processing 
yr a minimum of five seconds when it detects 
xcessive noise. 
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A computer for each patient 
Hospitals using minicomputer systems have 
experienced the loss of critical data on all 
patients connected to the system when the 
computer malfunctions. But that can t happe 
with Arrhythmia Il, because each patient 
has his own computer. And any malfunction 
only affects that one patient. The micropro- 
cessor-based cardule can then be replaced 
in minutes and easily repaired by simply 
inserting a new circuit board. 


o solve clinical problems 

mia systems have not even 

e. We feel it represents our care and 

applying technology to the clinical 
approach that has made Spacelabs the 
ing company in patient monitoring today. 


n't have to take our word for it. Call us 
882-9560, collect) to arrange for an 

in your hospital. Then we think you ll agree 
owing number of your colleagues who 
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CONGESTIVE HEART FAILURE: 
NO TIME TO INTRODUCE 
VARIABLES. 
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If you wouldn't think of changing 
your brand of digitalis, shouldn't you 
think twice before switching from 
LASIX furosemide to a substitute? 


BRAND OF 


Both digitalis and diuretics are almost 
always used in congestive heart failure. 
But both can cause serious cardiac arrhyth- 
mias.’ is ipod because digitalization 

is one of the most precarious titrations 1n 
all of medicine. And diuretics, because 
diuretic-induced hypokalemia increases 
the vulnerability to digitalis toxicity." 

See warnings and precautions in the brief 
summary of product information on the 
next page. 


In serious congestive heart failure, 
the diuretic most frequently administered 
with digitalis is LAsIX* brand of furosemide. 
However, the bioavailability of furosemide 
may be significantly altered by a change in 
tablet disintegrants and/or excipients. ^^ 
And variations in the bioavailability of 
kms Nw diens furosemide tablets 
have produced unpredictable and serious 
clinical effects." 


Therefore, once the patient is stabi- 
lized on digitalis and LAsrx®, changes in 
his cardiac regimen should be minimized. 


LAsIX*—the diuretic with the best record 
of success in all degrees of congestive heart 
failure. 


LASIX* is the original brand of 
furosemide. It is LAsrx® that established 
the standard for furosemide performance. 
It is LAsIx* that is the subject of almost 
6,000 published papers. It is LAsrx® that 
has been used successfully in millions of 
digitalized patients over the past 14 years. 
And it is LAsrx® that has a remarkable 
quality-control record—almost 8 billion 
tablets manufactured without a single 
product recall. 


LASIx® tablets are available in 
a dosage strength to meet almost every 
patient need—20, 40 and 80 mg. 


Before prescribing, please consult complete product 
information, a summary of which appears on the 
following page. 






HOECHST-ROUSSEL 


(2) PHARMACEUTICALS INCORPORATED 
be SOMERVILLE, NEW JERSEY 08876 
FEG TM "OEOG! AD 


References: 1. Moe GK, Farah AE: Digitalis and allied cardiac glycosides, in Goodman LS and Gilman A (eds): The Pharmacological 
Basis of Therapeutics, ed 5. New York, Macmillan Publishing Co, 1970, pp 653-682. 2. Smith TW: Digitalis: Ions, inotropy and toxicity, 
editorial. N. Engl. J. Med. 299:545, 1978. 3. Rubinstein MH, Eastwood BA, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, 
U.K.: The effect of lubricant type and concentration on the bioavailability of furosemide from 80 mg tablets: J. Pharm. Pharmacol. 30 


(suppl.):12P, Dec. 1978. 4. Rubinstein MH, Price EF, School of P 


harmacy, Liverpool Polytechnic, Liverpool L3 3AF, U.K.: In vivo 


evaluation of the effect of five disintegrants on the bioavailability of furosemide from 40 mg tablets: J. Pharm. Pharmacol. 29 


(Suppl.):5P, Dec. 1977. 5. Rubinstein MH, Rughani JM 


, School of Pharmacy, Liverpool Polytechnic, Byrom Street, Liverpool L3 3AF, 


U.K.: The effect of four tablet binders on the bioavailability of furosemide from 40 mg tablets: Drug Development and Industrial 
Pharmacy 4(6): 541-563 (1978). 6. HEW News, publication 79-6, U.S. Department of Health, Education and Welfare (Food and Drug 


Administration), March 30, 1979, pp 2-3. 





E Specify LASIX* brand of furosemide. To be sure the 

x patient receives only LASIX®, take the steps necessary 
on your prescription to prevent substitution, in accor- 
dance with the regulations of your state. 


IN CONGESTIVE HEART FAILURE. 


LASIX 


FUROSEMIDE 


ONE LESS VARIABLE IN 
THE DIGITALIZED PATIENT 


Lasix® (furosemide) 


A brief summary of the Prescribing Information for Lasix 
(furosemide). Tablets 20, 40 and 80 mg. 

WARNING: Lasix (furosemide) is a potent diuretic which, if 
given in excessive amounts, can lead to a diuresis 
with water and electrolyte depletion. Ther , careful med- 
ical supervision is required, and dose and dose schedule 
have to be adjusted to the individual patient's needs. 
INDICATIONS: Edema associated with congestive heart failure, 
cirrhosis of the liver, and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probably will not be adequately con- 
trolled with furosemide alone. 

CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide may cause fetal abnormalities, 
the drug is contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume, with circulatory collapse and with 
the possibility of vascular thrombosis and embolism, particu- 
larly in elderly patients. Excessive loss of potassium in patients 
receiving digitalis glycosides may precipitate digitalis toxicity. 
Exercise care in patients receiving potassium-depleti 

steroids. Perform frequent serum electrolyte, CO,, and BUN de- 
terminations during first few months of therapy and periodically 
thereafter; and correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with ic cirrhosis and 
ascites is best carried out in the hospital. Closely observe cir- 
rhotic patients for sudden fluid and electrolyte imbalances that 
may precipitate hepatic coma. Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing hypokalemia and metabolic alkalosis, Discon- 
tinue furosemide if increasing azotemia and oliguria occur dur- 
ing treatment of severe, progressive renal disease. Observe 
patients regularly for possible blood dyscrasias, liver damage, 
or other idiosyncratic reactions. Patients with known sul- 
fonamide sensitivity may show allergic reactions. Furosemide 
may potentiate the therapeutic effect of other antihypertensive 
agents. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appears in breast 
milk. If use of the drug is essential, the patient should stop 
nursing. Cases of tinnitus and reversible hearing impairment 
have been reported. 

There have also been some reports of cases in which irrevers- 
ible hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
severe impairment of renal function at doses exceeding several 
times the usual recommended dose and in whom other drugs 
known to be ofotoxic were given. If the physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. 
(For adults, an infusion rate not exceeding 4 mg furosemide 
per minute has been used.) 

PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especially in patients receiving higher doses 
and a restricted salt intake. Patients receiving furosemide 
should be observed for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations 
ore particularly important when the patient is vomiting exces- 
sively or receiving parenteral fluids. Medication such as digi- 
talis may also influence serum electrolytes. Hypokalemia may 
develop with furosemide as with any other potent diuretic, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference 
with adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis may exaggerate metabolic effects of 
hypokalemia, especially with reference to myocardial activity. 
Asymptomatic hyperuricemia can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting and two- 
hour postprandial sugar have been observed, and rare cases of 
precipitation of diabetes mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN may be seen. These 
have been observed in association with dehydration, which 
should be avoided, particularly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity at lower 
doses becouse of competitive renal excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may potentiate the action of succinylcholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity. Diuretics such 


as furosemide may enhance the nephrotoxicity of cephaloridine. 


Therefore, furosemide and cephaloridine should not be ad- 
ministered simultaneously. Furosemide may decrease arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
Cient to preclude effectiveness of the pressor agent for therapeu- 
tic use. 
It has been reported in the literature that coadministration of 
indomethacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect has 
been attributed to inhibition of prostagiandin synthesis by in- 
domethacin. Indomethacin may also affect plasma renin levels 
and aldosterone excretion: this should be borne in mind when 
a renin profile is evaluated in hypertensive patients. Patients 
receiving both indomethacin and Lasix (furosemide) should be 
observed closely to determine if the desired diuretic and/or 
antihypertensive effect of Lasix (furosemide) is achieved. 
ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
thrombocytopenia, aplastic anemia (rare), purpura, photosen- 
sitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
Ous vasculitis), exfoliative dermatitis, erythema multiforme, 
pruritus. Orthostatic hypotension may occur and may be exag- 
gerated by alcohol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, urinary bladder 
spasm, thrombophlebitis. 
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Announcing the 
comprehensive study 
of...the most fascinating 
syndrome in Cardiology... 


THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 
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Every cardiologist, internist, pediatrician, surgeon—in: 
every physician—should have a good basic knowledge of 
the Pre-excitation Syndrome. Here are just a few reason 
this is so essential: 


L] ¥s of all pre-excitation cases are misdiagnosed. 
L] 5% to 10% of all tachycardias in adults are producec 


pre-excitation. 


L] In V? of all infants under 10 months of age with life- 


threatening tachycardias, the tachycardias are actuali 
secondary to pre-excitation. 


L] V4 to Y? of all children with pre-excitation have an 


additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper 
book gives a comprehensive summary of all important fa 
of pre-excitation, plus the authors' personal experiences c 
follow-up studies of patients through many decades. It al 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form 
pathomechanism of pre-excitation. 


‘What is offered richly in this book is a methodical and 

comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints 


at the same time evaluating relative strengths and weakne 


of each observation and hypothesis. There is brought aw 
here which only time and experience can provide. The 


encyclopedic references alone would make the book 


invaluable to anyone seriously interested in the Wolff- 
Parkinson.White syndrome. But when knowledgeable 


discussion and personal observations are added, it is 
genuinely a monumental contribution to clinical cardiolo; 
and cardiac electrophysiology. " 


Thomas N. James, MD 

The Mary Gertrude Waters Professor of Cardiology and Chairn 
the Department of Medicine, The University of Alabama in Bir; 
ham, and Physician-in-Chief, University of Alabama Hospitals. 


YORKE MEDICAL BOOKS, 666 Fifth Ave., N.Y., N.Y. 10103 


Please send me a copy of THE PRE-EXCITATION SYNDRO! 
at $33.00. I may use the book for 30 days and if not complet 
satisfied, return it for full refund or credit. 


..] Bill me plus cost of shipping. 

..] Payment enclosed, publisher pays shipping. 

LJ) Charge my credit card: |! MasterCard [] Visa. 
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The significance of arrhythmia and conduction defects was studied in 395 
patients who underwent intracardiac repair of tetralogy of Fallot between 
1958 and 1976. In 91 of these patients (group |), the median date of repair 
was 1964 and all underwent stress testing. In 107 patients (group II), the 
median date of repair was significantly later ( 197 1), but all subjects were 
too young for stress testing. The remaining 197 patients (group Ill, median 
date of repair 1963) included all those who did not participate in stress 
testing or who had died; 42 of these patients were later excluded from 
analysis because of insufficient electrocardiographic records. The overall 
incidence of any form of arrhythmia (19 percent) was the same for each 
group. However, in group Il (patients who underwent intracardiac repair 
more recently), no tachyarrhythmia was observed and there were fewer 
patients with 1° atrioventricular (A-V) block (p <0.001) and more patients 
with complete right bundle branch block (p <0.001) than in groups | and 
Ill. In two patients (both in group |), unexpected, late sudden death un- 
related to strenuous physical activity occurred. Arrhythmia was least 
common in patients with primary intracardiac repair and more common 
in those with either palliation before intracardiac repair or multiple in- 
tracardiac repairs. In group I, 41 of 91 patients with arrhythmia of even 
minor degree at rest (n — 13) or exercise (n — 28) had a significantly 
larger heart, greater right ventricular pressure and lesser exercise per- 
formance than did those without arrhythmia, thus suggesting the presence 
of residual abnormality or dysfunction. No tachyarrhythmia was induced 
by exercise in this study. Patients with either arrhythmia or bifascicular 
block have generally had a benign course without strong evidence of 
progression of arrhythmia. 


'There has been a continuing interest in more precise quantitation of the 
results of intracardiac repair of tetralogy of Fallot and in the elucidation 
of factors that modify these results. Several studies! have explored the 
problem of arrhythmia in the late postoperative period. A series of re- 
ports have focused on the role of arrhythmias'?^ and conduction de- 
fects’-!2 in late sudden, unexpected death. 

This study is concerned with the incidence of arrhythmia at rest and 
during exercise in patients with tetralogy of Fallot after intracardiac 
repair and the prognostic significance of such arrhythmic events in 
general. It was prompted by our initial observations in 91 patients with 
tetralogy of Fallot, which suggested a more than casual relation between 
significant residual disease after intracardiac repair and the presence 
of arrhythmic events either on routine electrocardiography or during 
stress testing. Because these 91 patients were volunteers and therefore 
a selected group, we expanded this study to include all patients with 
tetralogy of Fallot who underwent intracardiac repair at the Children's 
Memorial Hospital, Chicago, between 1958 and 1976 and who had ade- 
quate records available. Specifically, we examined the relation of ar- 
rhythmic events to the type and number of palliative and corrective 
cardiac surgical procedures performed, changing operative and post- 


November 1980 The American Journal of CARDIOLOGY Volume 46 843 


Mr FEW F NN ENE RPE NLVA OWI PLY IO VVEOVEL L1 AL. 


operative management, and postoperative and func- 
tional results as assessed by heart size, hemodynamic 
status and stress testing. 


Methods 


Study patients: The 395 patients who underwent intra- 
cardiac repair of tetralogy of Fallot between 1958 and 1976 
were separated into three groups (Table I). Group I consisted 
of the 91 patients who volunteered for a long-term serial 
evaluation with stress testing. All had undergone one or more 
stress tests since 1968, and were at least 8 years old and 1 year 
postintracardiac repair when they entered the study. In this 
group there were two unexpected late sudden deaths, unre- 
lated to stress testing or strenuous physical activity, occurring 
at ages 11 and 23 years, 3 and 13 years, respectively, after in- 
tracardiac repair. 

Group II included 107 patients who underwent intracardiac 
repair but did not meet the preceding age criteria for entering 
the long-term follow-up study with stress testing when this 
study was initiated in 1968. This group differed from the other 
two groups in two other important aspects: The median date 
of intracardiac repair was significantly later (1971) than in 
groups I (1964) and III (1963) and all patients were managed 
relatively uniformly by a single surgical team. 

Group III consisted of the remainirig 197 patients who 
underwent intracardiac repair at the Children's Memorial 
Hospital until 1976. This group included those patients who 
died after repair and those who did not enter the long-term 
follow-up with stress testing when this study was initiated in 
1968. Forty-two of these 197 patients were excluded from 
further analysis because electrocardiograms recorded after 
repair were not available. This modified group of 155 patients 
will be identified as group IIIA in the following discussion. 

In addition to the two late sudden deaths in group I, there 
were 57 deaths in group III; thus, the overall mortality was 
59 of 395 (14.9 percent). Forty-six of the 59 deaths occurred 
within 1 month of intracardiac repair and all but 3 within 1 
year of repair. The mortality was the lowest in patients with 
primary intracardiac repair (21 of 192, 10.0 percent) or with 
palliation by subclavian-pulmonary shunt before repair (12 
of 116, 10.3 percent). The mortality was significantly greater 
(p <0.001) in;patients with aortopulmonary (Potts) shunt (24 
of 69, 34.8 percent) or pulmonary valvulotomy preceding in- 
tracardiac repair (2 of 6, 33.3 percent). None of the 12 patients 
with palliation by a Waterston-Cooley shunt died. The ma- 
jority of these deaths occurred in the early surgical experience 
from 1958 to 1963. 


TABLE | 
Patient Data 


The three groups had the same sex distribution (Table I). 
The median date of intracardiac repair was significantly late 
and the mean age significantly lower in group II than in groups 
I and III. The mean age at palliation was the same for groups 
I and II but was significantly greater in group III (p <0.001). 
The length of follow-up study after intracardiac repair dif- 
fered significantly among groups. However, if groups I and III 
are combined the average follow-up period does not differ 
significantly from that in group II. 

Definition of arrhythmia: A patient was classified as 
having had arrhythmia if a routine 14 lead electrocardiogram 
obtained betweén the first preoperative visit and the last 
postoperative follow-up visit revealed even a single arrhythmic 
event. A patient in group I was classified as having had ar- 
rhythmia on exercise if even a single arrhythmic event was 
detected in the single lead (CM;) recorded continuously 
during each exercise study; all exercise records included 
continuous electrocardiographic observation during a 3 
minute period immediately before and during exercise and 
during at least 5 minutes of recovery from exercise. 

Exercise studies: All initial exercise studies in group I were 
performed during a 2 day admission to the Clinical Research 
Center of the Children's Memorial Hospital, after informed 
consent had been obtained from the parents and subjects. All 
subjects exercised upright on an electrically braked cycle er- 
gometer (Quinton Instrument Co., Model 840) which is re- 
calibrated to 3 to 6 month intervals. We utilized a work pro- 
tocol with stepwise loading!?!* that began with a 3 minute 
period of rest with the patient sitting quietly on the cycle er- 
gometer. Work was then begun at a rate of 100 kg-m/min and 
incremented by 100 kg-m/min at 1 minute intervals until the 
patient was unable to continue or maintain the pedaling ca- 
dence of 70 rpm. The test was evaluated in terms of heart rate 
at rest and at each work rate, duration of exercise in minutes, 
and working capacity (W170) based on linear regression of 
heart rate on work rate between the 2nd and last minute of 
exercise. Results were expressed in absolute terms and as 
percent of predicted for age, height, weight and body surface 
area. Normal data were obtained in 221 male and 157 female 
normal volunteers who were recruited from a suburban school 
district.!? 

A bipolar electrocardiographic lead (CM5) was monitored 
and recorded throughout each test. The heart rate was 
measured beat by beat with a highly accurate digital rate 
meter.!? The heart rate at rest (sitting) was computed as the 
average rate during the 3 minute period before exercise. Ex- 
ercise heart rates were averaged during the last 15 seconds at 
each work rate. 
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Group | 
(n = 91) 
Patients 
Male (n; 96) 62; 68.1 
Female (n; 96) 29; 31.9 
Year of intracardiac repair 
Median 1964; 
Range 1959-1972 
Age at operation (yr) 
Palliation 2.1 X; 1.3" NS 
Intracardiac repair 8.3 + 4.6 
Follow-up since repair (yr) 8.1+ 3.8 


«0.001 


«0.001 
«0.001 


Group Il Group III 

(n = 107) p Value (n = 197) 
68; 63.6 124; 62.9 
39; 36.5 73; 37.1 
1971 «0.001 1963 
1961-1974 1958-1976 
1.9+ 1.2! <0.001 3.4 + 2.51 
5.8 + 3.6 <0.001 8.5 + 4.9 
5.6 + 2.0 <0.001 3.4 + 3.8 


* n = 52 of 91 (57.1%). ! n = 54 of 107 (50.5%). 1 n = 100 of 197 (50.8 96). 


For comparison of groups | and IIl versus group II: age at palliative 


procedure, p «0.05; age at intracardiac repair, p «0.001; follow-up since 


intracardiac repair, NS; n = number; NS = not significant; p = significance level of differences between group means. 
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TABLE Il 
incidence of Arrhythmia and Conduction Defects on Routine Electrocardiography in 353 Patients With Tetralogy of Fallot 
Group | + IIIA Group II 

% of % of 
Bey eo ee oe ee 
Total patients 246 100.0 107 100.0 
With arrhythmia 48 19.5 19 17.8 NS 
PVC 19 rd 6 5.6 NS 
PAC, PNC 11 4.5 8 7.5 NS 
Junctional escape or rhythm 12 4.9 8 7.5 NS 
Supraventricular tachycardia 4 1.6 0 — — 
Atrial flutter 2 0.8 0 — — 
Ventricular tachycardia 5 2.0 0 — — 
Complete RBBB 152 61.8 86 80.4 «0.001 
1? A-V block 60 24.4 2 1.9 «0.001 
3? A-V block 9 3.7 2 1.9 NS 
Bifascicular block 8 3.3 4 3.8 NS 
Trifascicular block 10 4.1 0 — <0.05 


p = significance of chi-square statistic for comparison of incidence in combined group | + Illa and group Il. PAC = premature atrial complexes; 
PNC = premature nodal complexes; PVC = premature ventricular complexes; RBBB = right bundle branch block. 


Results There was a greater incidence of complete right bundle 
Arrhythmic events on routine electrocardiog- branch block (p <0.001) but a lesser incidence of 1° 
raphy: The overall incidence rate of arrhythmic events atrioventricular (A-V) block (p <0.001) and therefore 
on routine electrocardiography was 19 percent (67 of of trifascicular block (p <0.05) in patients in group 
353) and did not differ significantly among the three II. 
groups. Because there was no significant difference The relation between arrhythmia and the type and 
between groups I and IIIA other than availability for number of surgical procedures is summarized in Table 
stress testing, these two groups were combined into a III. Patients with primary intracardiac repair without 
single group I + IIIA in subsequent analyses (Table II). reoperation for residual defects had the smallest inci- 
The incidence of different types of premature beats and dence of arrhythmic events on routine electrocardiog- 
junctional escape beats or junctional rhythm also did raphy. This relation was also apparent when the 59 
not differ between group II and the combined group I nonsurvivors were analyzed separately. 
+ IIIA. However, no tachyarrhythmia was recorded in The incidence of arrhythmia on routine electrocar- 
group II, but such arrhythmia observed in 11 (4.5 per- diography was greater in patients who underwent a 
cent) of 246 patients in the combined group I + IIIA. palliative procedure before intracardiac repair than in 


TABLE Ill 
Relation of Type and Number of Reparative Surgical Procedures to the Incidence of Arrhythmia on Routine 
Electrocardiography in 353 Patients With Tetralogy of Fallot 


Group | + IIIA Group II 
Arrhythmia Arrhythmia 
All n % p! All n % p! p? 

Cases (n) 246 48 19.5 NS 107 19 17.8 NS NS 
Type of operation 

Primary repair 121 14 11.6 — 53 6 11.3 — NS 

S-P shunt 69 17 24.6 <0.02 40 9 22.5 NS NS 

A-P shunt 48 13 27.1 <0.02 6 1 16.7 NS NS 

W-C shunt 3 2 66.7 <0.005 8 3 37.5 <0.05 NS 


Brock 5 2 40.0 NS — 
Number of thoracic 
surgical procedures 


115 11 9.6 NS 53 6 11.3 NS NS 
2 105 21 20.0 NS 36 9 25.0 NS NS 
23 26 16 61.5 <0.001 18 4 22.2 NS <0.001 
22 28 18 64.3 <0.001 15 3 20.0 NS <0.01 
Palliative + 2 intracardiac repairs 20 14 70.0 <0.001 12 2 16.7 NS <0.005 
1 or 2 palliative procedures + intracardiac repairs 104 19 18.3 NS 42 11 26.2 NS NS 
Palliative procedure only 1 1 100.0 — 0 — o -— — 


PalauveproceQwe Oniy — (é&v.. ü&—. 9. — —  —— "' Qu —————$———— 


A-P = aortopulmonary (Potts) shunt; Brock = pulmonary valvulotomy; p! = significance of chi-square statistic; in each case the subgroup is 
compared with patients with primary intracardiac repair; p^ — significance of chi-square statistic for comparison between group I| and combined 
group | + IIIA; S-P = subclavian-pulmonary shunt; W-C = Waterston-Cooley shunt. 
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patients who had primary intracardiac repair. In com- 
bined group I + IIIA the increase was significant for all 
shunt procedures. These findings also suggested a 
relation between the incidence of arrhythmia and the 
number of surgical procedures in each patient. In 
combined group I + IIIA there was indeed a progres- 
sively increasing incidence of arrhythmia with an in- 
creasing number of surgical procedures. However, this 
increase in incidence was significant only for patients 
who had had three or more procedures (p <0.001). 
However, further analysis of the data in Table III 
suggests that the increased incidence occurred primarily 
in patients with two or more intracardiac operations in 
contrast to multiple palliative procedures. The patients 
in group II also had a greater incidence of arrhythmia 
with shunt procedures proceding intracardiac repair 
and with multiple intracardiac repairs. However, the 
differences were not significant except for patients with 
a Waterston-Cooley shunt (p <0.05). In contrast to 
findings in combined group I + IIIA there was no pro- 
gressive increase in the incidence of arrhythmia in pa- 
tients in group II who required two or more intracardiac 
repairs. 

Arrhythmic events during exercise testing: The 
91 patients in group I had had 400 stress tests since 
1968. Arrhythmia during stress testing was revealed 
during one or more tests in 28 patients (30.8 percent). 
Tachyarrhythmia, ventricular standstill or ventricular 
fibrillation did not occur. Nineteen of these patients had 
single or multiple premature ventricular complexes, 
including two patients with runs of bigeminal rhythm. 
In two other patients premature ventricular complexes 
originated from two foci. Sixteen of the 28 patients had 
one or more premature atrial or junctional escape 
complexes; or both. Seventeen (60.7 percent) of the 28, 
including 12 with premature ventricular complexes, had 
only a single form of arrhythmia. The frequency with 
which arrhythmic events occurred during each of the 
three phrases of exercise varied. The arrhythmia was 
noted in 64.3 percent (18 of 28) during recovery, in 39.3 


TABLE IV 


percent (11 of 23) during exercise and in 32.1 percent 
(9 of 28) during the resting phase before exercise. In the 
majority of patients premature complexes occurring at 
rest were suppressed when the sinus rate during exercise 
approached or exceeded the rate of the premature 
complexes and recurred with sinus slowing during re- 
covery. 

Exercise performance in patients with ar- 
rhythmia: A total of 41 patients (45.1 percent) in group 
I had arrhythmia (Table IV). The arrhythmia was noted 
only on routine electrocardiography in 13 patients and 
was observed during stress testing in 28 patients; in six 
of the latter, arrhythmia had also been noted on routine 
electrocardiography. Data from all 41 patients with 
arrhythmia on exercise testing and on routine electro- 
cardiography were pooled because there were no sig- 
nificant differences in the variables listed in Table IV 
between the two subgroups. Moreover, the results of the 
analysis were not altered whether patients receiving 
digitalis at the time of evaluation were or were not in- 
cluded. | 

Patients with arrhythmia had a significantly re- 
duced mean work performance when compared with 
patients without arrhythmia as assessed by duration of 
exercise, working capacity (W170) and heart rate during 
the 4th minute of exercise. They also had a larger heart 
(as judged by cardiothoracic ratio) and smaller forced 
expired volume (vital capacity). Moreover, analysis of 
54 patients in group I who underwent cardiac cathe- 
terization after intracardiac repair showed significantly 
higher average peak systolic and end-diastolic right 
ventricular pressures in those with arrhythmia. 


Discussion 


Role of conduction defects in postoperative 
sudden death: Studies of conduction defects and ar- 
rhythmia after intracardiac repair of tetralogy of Fallot 
initially were focused on the risk of sudden death as- 
sociated with these complications due to complete heart 
block and ventricular ectopic rhythm.!!2 A large inci- 


Hemodynamics and Exercise Performance After Intracardiac Repair of Tetralogy of Fallot in 91 Patients With or Without 


Arrhythmia at Rest or Exercise, or Both 
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Patients With 


Arrhythmia at Patients With 
Rest or on Exercise No Arrhythmia 
(n — 41) (n = 50) p Value 
Age at repair (yr) 8.87 + 3.93 7.1D.2::3:2 «0.05 
Follow-up since repair (yr) 8.3 + 3.4 8.3 + 3.8 NS 
CT ratio at last follow-up 0.541 + 0.07 0.504 + 0.049 «0.01 
Pay (mm Hg) 71.2 3: 28.5 23) 55.3 + 21.4 (n = 31) «0.05 
Pry (ed) (mm Hg) 9.6 + 3.3 (n = 23) 7.5 + 1.8 (n = 31) «0.01 
FEV (96 of predicted") 79.9 + 16.8 87.3 + 14.4 «0.02 
Heart rate at rest (beats/min) 84.0+ 15.6 85.6 t 12.7 NS 
4th minute exercise heart rate (96 of 113 + 19.2 101 £ 15.2 <0.01 
predicted’) 
Duration of exercise (% of predicted’) 66.1+ 18.2 87.9 + 20.3 <0.001 
W170 (% of predicted?) 77.4 t 24.8 99.6 + 29.4 «0.001 


* Predicted for height. t Predicted for age. 


CT - cardiothoracic; FEV — forced expired volume; Pay = peak systolic right ventricular pressure; Pry (ed) = end-diastolic right ventricular 


pressure; W479 = working capacity. 
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dence of sudden death was reported in patients with 
complete right bundle branch block and left anterior 
hem iblock (bifascicular block) after surgical treatment 
of tetralogy of Fallot.” Many of these patients had had 
transient complete heart block in the intraoperative or 
early postoperative period. However other studies re- 
ported a benign course in patients with bifascicular 
block.?-9-!2 On the basis of clinical, anatomic and ex- 
perimental evidence, Steeg et al.!? concluded that such 
a different outcome in patients with the same scalar 
electrocardiographic findings could be reconciled by 
assuming different mechanisms for the observed con- 
duction defects. They postulated that in patients with 
a benign long-term course the conduction defect is likely 
due to a peripheral disruption of the conduction system 
by the ventriculotomy.!9/? Conversely, transient or 
permanent complete heart block and increased late 
mortality is the consequence of more proximal injury 
to the specialized A-V conduction system. 

Role of arrhythmia in postoperative sudden 
death: Similarly, it has been shown that arrhythmia, 
notably ventricular ectopic rhythm, presages an in- 
creased risk of sudden death in patients after repair of 
tetralogy of Fallot.!?4 James et al.! reported unexpected 
cardiac arrest in 4 of 220 patients without a history of 
bifascicular block or transient complete heart block. In 
each patient who died suddenly, postoperative elec- 
trocardiograms had demonstrated ventricular ectopic 
rhythm and in one patient multifocal premature ven- 
tricular complexes were noted during a stress test and 
short bursts of ventricular tachycardia during the re- 
covery period. Gillette et al.,* in a review of 51 patients 
with surgically treated tetralogy of Fallot, found 9 with 
ventricular ectopic rhythm, 3 of whom died suddenly. 
These and other studies? also suggest that patients 
with ventricular arrhythmia often have poor surgical 
results with evidence of significant residual disease and 
abnormal hemodynamic status. Our study supports this 
view and provides evidence that even minor rhythm 
disturbances—that is, single arrhythmic events that 
would be considered of little importance in the absence 
of heart disease—take on added significance in patients 
after surgical treatment of tetralogy of Fallot. The pa- 
tients with rhythm disturbances had a larger heart size, 
higher peak systolic and end-diastolic right ventricular 
pressures and a poorer exercise performance than pa- 
tients without arrhythmia (Table IV). We therefore 
view such rhythm disturbances as a nonspecific mani- 
festation of significant residual disease or myocardial 
dysfunction until proved otherwise by appropriate 
studies. The relation between arrhythmia and residual 
disease is further supported by the greater incidence of 
arrhythmia in patients with multiple reparative surgical 
procedures than in patients with primary intracardiac 
repair alone (Table III). 

Incidence of postoperative arrhythmia and 
conduction defects: Because conduction defects and 
rhythm disturbances are to a major extent surgical 
complications of intracardiac repair, it is not surprising 
that their incidence and the attendant morbidity and 
mortality should vary among reported series. In contrast 


ML LL = 


to Issenberg et al., we did not observe a large incidence 
of severe ventricular arrhythmia (Lown stages 3 to 5) 
with exercise when ventricular ectopic rhythm was 
present at rest. In the majority of our patients ectopic 
rhythm was suppressed when the sinus rate approached 
or exceeded the rate of the ectopic pacemaker during 
exercise. We found no tachyarrhythmia induced by 
exercise and observed ventricular couplets in only two 
patients. We also found no relation between bifascicular 
and trifascicular block or arrhythmia and late sudden 
death. Neither of the two patients in group I who died 
suddenly had bifascicular block. In one of these patients 
no arrhythmia was detected on routine electrocardi- 
ography and none was observed during a single exercise 
study. However, in the second patient, 2 years after a 
second exercise study failed to provoke ectopic rhythm 
of any kind, a routine electrocardiogram demonstrated 
a single couplet of premature ventricular complexes. Six 
months later the patient died suddenly at home at age 
23 years. 

Role of age and length of follow-up: Other inves- 
tigators!'^ have commented on the presence of ven- 
tricular ectopic rhythm in older patients with postop- 
erative tetralogy of Fallot and have suggested that this 
may be a progressive problem, developing as postop- 
erative intervals become longer and patients enter their 
20s. However, many of the patients in their 20s re- 
ported on to date were among those patients who un- 
derwent operation during the early experiences with 
intracardiac repair (1955 to 1965). Moreover, many of 
these patients underwent palliative and corrective 
procedures at an older age than is usual today and they 
are not representative of the majority of such patients 
now being followed up. In our study, most patients were 
followed up close to a decade after intracardiac repair, 
and did not manifest a tendency toward increasing 
frequency or severity of ventricular ectopic rhythm. 
This finding is in accord with the generally stable he- 
modynamic status of the majority of these patients.!4 

Role of advanced surgical techniques and mul- 
tiple operations: If conduction defects and arrhythmia 
are primarily related to surgical aspects of intracardiac 
repair, it is reasonable to assume that their incidence 
would decrease in patients who had had more recent 
repair (group II) and had thus benefited from con- 
tinuing advances in surgical and perfusion techniques 
not available to those undergoing earlier repair (group 
I and IIIA). To some extent our data support this hy- 
pothesis. Although there was no decrease in the overall 
incidence of arrhythmia in patients in group II, there 
were important qualitative differences (Table II). Pa- 
tients in group II had no tachyarrhythmia and had a 
much smaller incidence of first degree A-V block (p 
<0.001) and trifascicular block (p <0.05), but a larger 
incidence of complete right bundle branch block (p 
<0.001). These findings suggest that there was less 
damage to the central portion of the specialized A-V 
conduction system as a result of refinement of the 
techniques for closure of the ventricular septal defect 
and repair of the right ventricular outflow tract. As in 
combined group I and IIIA, patients in group II with 
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more than one reparative surgical procedure (Table III) 
had roughly twice the incidence of arrhythmia com- 
pared with those with only primary intracardiac repair. 
However, patients in Group II unlike those in group I 
and IIIA who had undergone multiple intracardiac 
procedures did not have any further increase in the in- 
cidence of arrhythmia. 

Clinical implications: Because the patients in this 
study with bifascicular block or arrhythmia, or both, 
have had a benign course without strong evidence of 
progression of arrhythmia, we have been reluctant to 
administer prophylactic antiarrhythmic therapy rou- 
tinely. However, the patients are followed up with pe- 
riodic routine electrocardiography and exercise testing 


to detect any progression in arrhythmic activity or de- 
terioration in cardiovascular performance. Twenty-four 
hour electrocardiographic monitoring is recommended 
when arrhythmic activity appears, increases with in- 
creasing work rates or is particularly prevalent during 
early recovery from exercise when the rate of cardiac 
slowing is maximal; the latter finding suggests that the 
patient may be prone to arrhythmia during sleep. It 
remains to be shown if patients with tetralogy of Fallot 
whose heart is repaired in early childhood (less than age 
2 years) or infancy with the use of more recent and ad- 
vanced surgical techniques will have the same incidence 
of arrhythmia as those operated on in later childhood 
and adolescence. 
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During M mode echocardiographic evaluation of cyanotic newborn infants, 
one may find two ventricles and two great vessels, but not have proof of 
their identity. Identification of the great vessels is important in evaluation 
of possible transposition of the great arteries. In a series of 68 cyanotic 
neonates pulsed Doppler echocardiography was applied to test the hypoth- 
eses that (1) a patent ductus arteriosus in present in most cyanotic neo- 
nates, (2) the great vessel that receives diastolic ductal flow is the pul- 
monary artery, and (3) specific noninvasive identification of pulmonary 
artery will allow diagnosis or exclusion of transposition of the great ar- 
teries. On M mode examination, the relations of the great vessels were 
normal in 43 infants; in all, pulsed Doppler echocardiography detected 
a patent ductus arteriosus flowing into a normally positioned pulmonary 
artery. The cyanosis in these 43 patients was later proved to be of pul- 
monary origin. In eight infants, the relation of the great vessels suggested 
transposition, and in all eight, Doppler echocardiography detected a patent 
ductus flowing into the posterior great vessel, proved at angiocardiography 
to be the transposed pulmonary artery. In 17 patients, the relation of the 
great vessels was front to back, neither “normal” nor suggestive of classic 
d transposition. A patent ductus arteriosus, detected with pulsed Doppler 
echocardiography in all 17, flowed into the anterior great vessel in the 
14 normal infants, and flowed into the transposed pulmonary artery in the 
3 with proved transposition. It is concluded that ductal patency is prevalent 
in cyanotic neonates, and that pulsed Doppler echocardiographic de- 
tection of ductal flow can define the pulmonary artery; such definition is 
most helpful in resolving the question of transposition in infants with a 
relation of the great vessels that is neither normal nor suggestive of 
transposition. 


In cyanotic neonates with possible heart disease, M mode echocardiog- 
raphy is useful in demonstrating the presence, location and relation of 
cardiac structures. If all structures are identified, in the expected location 
and with normal relations, the presence of cyanotic congenital heart 
disease is unlikely. If the expected structures are not identified on M 
mode echocardiography, appear significantly abnormal or have unusual 
relation, invasive study is usually required to establish the diagnosis. 
However, there is a group of cyanotic patients whose M mode studies 
reveal the presence of two ventricles, two atrioventricular valves, as well 
as two semilunar valves that have an other than “normal” relation. In 
such infants, the question of transposition of the great arteries is of 
special importance. That is, if transposition is present, cardiac cathe- 
terization, angiocardiography and Rashkind atrial septostomy are ur- 
gently needed. If transposition is not present, and the remainder of the 
M mode study is normal, invasive study is usually not needed, and cer- 
tainly not on an emergent basis. Needless cardiac catheterization could 
then be avoided if one knew which great vessel was the aorta and which 
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the pulmonary artery, since such knowledge could 
confirm or exclude the presence of transposition. 

We have applied pulsed Doppler echocardiography 
in a prospective series of 87 cyanotic neonates in whom 
an ultrasonic examination was requested to help in the 
evaluation of significant cyanosis. The hypotheses to 
be tested in this series were: (1) patent ductus arteriosus 
will be present in the majority of cyanotic newborn in- 
fants, (2) the vessel that receives diastolic ductal flow 
is the pulmonary artery, and (3) noninvasive identifi- 
cation of the pulmonary artery will resolve the question 
of transposition of the great arteries. 

Pulsed Doppler echocardiography is a relatively new 
noninvasive technique that complements traditional 
M mode echocardiography.! As in the familiar M mode 
technique, ultrasonic pulses are emitted through a 
hand-held transducer. And, as the pulses encounter 
cardiac structures, a portion of the ultrasound is re- 
flected or back-scattered, received by the transducer 
and then processed to record the position of structures 
with respect to depth and time. In pulsed Doppler 
echocardiography, a portion of the ultrasonic pulses is 
reflected from the cardiac structures and a smaller 
portion is back-scattered from the moving blood cells 
within the cardiac chambers or vessels. If the blood cells 
are moving, the frequency of the sound back-scattered 
from those moving objects will be shifted in proportion 
to the velocity of the object, and a Doppler shift will be 
detected. The returning signal is of higher frequency 
than the emitted signal if the motion is toward the 
transducer and of lower frequency if the motion is away 
from the transducer. Using a range-gated pulsed Dop- 
pler device one may evaluate such Doppler shifts at 
known depths? as well as the uniformity of the Doppler 
shift over a small teardrop-shaped area that has been 
termed the sample volume. If all blood cells are moving 
uniformly at the position of the sample volume, a 
smooth audio and spectral record are produced by the 
Doppler unit. If disturbed or turbulent flow is present 
at the position of the sample volume, a rough audio 
sound is produced along with a flow record of disturbed 
flow (Fig. 1). 


FIGURE 1. Pulsed Doppler echocar- 
diographic flow records of smooth flow 
and rough flow. Both panels are from a 
standard precordial approach, with vi- 
sualization of the aortic (AO) root. The 
sample volume is in the aortic root. Left 
panel, the flow record from the position 
of the sample volume is composed of 
rather closely grouped dots, indicating 
smooth flow. Such a flow record would 
be accompanied by a smooth audio 
sound. Systolic flow is above the FLOW 
line, indicating flow toward the trans- 
ducer. Right panel, the systolic portion 
of the flow record is composed of very 
scattered dots, indicating rough systolic 
flow at the position of the sample vol- 
ume. Such a flow record would be ac- 
companied by a rough audio output. ecg 
= electrocardiogram; FLOW = time- 
interval histographic flow record. 


Methods 


Study patients: The series is comprised of 87 neonates who 
had their initial cardiac evaluation for cyanosis at ages ranging 
from 1 to 21 days. Seventy of the patients were seen at ages 
less than 7 days. Ultrasonic evaluation was requested because 
of clinically apparent cyanosis, after the arterial partial 
pressure of oxygen failed to rise above 100 mm Hg with an 
inspired oxygen concentration of 90 to 100 percent. Most 
patients were suspected of pulmonary disease such as hyaline 
membrane disease, pneumonia or aspiration. Some patients 
were receiving assisted ventilation at the time of examination. 
The Doppler examinations were performed as part of a car- 
diologic consultation, so that on many occasions the examiner 
was familiar with the differential diagnosis. During the time 
period covered in the series, there were six infants whose 
Doppler examinations could not be accomplished from a 
standard precordial approach; they were examined from a 
nonstandard subxiphoid approach and were excluded from 
the series. In 13 infants, M mode echocardiography strongly 
suggested the presence of cyanotic heart disease (single great 
vessel in 7, aortic overriding with small pulmonary valve in 6); 
these patients were also excluded from the series because 
Doppler determination of great vessel identity would not alter 
the diagnosis of cyanotic heart disease. With these exclusions, 
68 patients remained for analysis. 

Pulsed Doppler echocardiography: The examinations 
were performed with Advanced Technology Laboratories 
Pulsed Echo units 600A, or 600B, and pulsed Doppler units 
400A (5 megahertz) or 500A (3 megahertz). The ultrasonic 
examinations began with the M mode echocardiographic ex- 
amination using a 5 megahertz transducer. The standard 
precordial left parasternal approach was used for visualization 
of cardiac structures and great vessel relation. The great vessel 
relation, on the basis of multiple sweeps, were labeled as 
normal (left-sided vessel anterior, right-sided vessel poste- 
rior), front to back (both vessels visualized with one directly 
anterior to the other), or probably transposed (anterior vessel 
to the right and posterior vessel to the left). 

Pulsed Doppler examinations followed the M mode ex- 
aminations for evaluation of the characteristics of intracardiac 
and great vessel blood flow. As previously described,? the 
sample volume is guided throughout the heart and great 
vessels in search of normal or abnormal blood flow charac- 
teristics. The examination is considerably aided by the audio 
output for guiding the sample volume through the various 
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FIGURE 2. Pulsed Doppler echocardiographic flow records of normal pulmonary arterial flow and pulmonary arterial flow with patent ductus arteriosus. 
Both panels were obtained from the precordial approach with placement of the sample volume (short arrows) in the pulmonary artery (PA), distal 
to the pulmonary valve. Left panel, systolic flow is below the FLOW line, away from the precordial transducer, representing flow from the right 
ventricle into the pulmonary artery. The signal amplitude (sig. amp.) indicator channel, at the far bottom of the figure, has been blanked for a portion 
of the record. Right panel, systolic flow, similar to that on the left, is below the FLOW line. However, in diastole there is marked deflection of the 
flow record above the FLOW line, indicating diastolic flow toward the precordial transducer (curved arrow). The dots composing this portion of 
the record are somewhat scattered. The diastolic jet flowing into the pulmonary artery, (curved arrow) indicates a patent ductus arteriosus. Unidentified 


abbreviations as in Figure 1. 


chambers and vessels. Abnormal blood flow characteristics 
may be detected by harsh audio output, or by dot scatter on 
the time interval histogram (Fig. 1). Special attention was 
given to great vessel blood flow characteristics for detection 
of a patent ductus arteriosus. Specifically, the sample volume 
was moved from the respective outflow tract to the great 
vessel, in search of disturbed blood flow. A patent ductus was 
deduced when the strip chart recorded turbulent diastolic flow 
directed toward the precordially placed transducer (Fig. 2). 
Detection of continuous turbulent flow in the pulmonary ar- 
tery was felt consistent with a patent ductus, but not diag- 
nostic.3 Turbulence was considered to be present when a rough 
audio sound and dot scatter on the time interval histogram 
were present. For recording the time interval histographic flow 
record, the Doppler unit was set according to manufacturer’s 
instructions with the signal amplitude indicator. The baseline 
of the signal amplitude indicator “jumps” at times of flow with 
broadening of the channel during periods of flow (Fig. 1 and 
2). Such broadening is indicative of the strength of the back- 
scattered Doppler signal, and it is desirable to have a moderate 
degree of broadening, but not such severe broadening that the 
entire channel *squares-off"' at the top. 

On the basis of the Doppler examinations, the pulmonary 
artery was defined as that great vessel receiving diastolic 
ductal flow (Fig. 3 and 4). Verification of great vessel relation 
was made by cardiac catheterization and biplane cineangio- 
cardiography in 22 cases, and postmortem examination in 13. 
Transposition of the great arteries was defined as origin of the 
aorta from the right ventricle and origin of the pulmonary 
artery from the left ventricle.* Forty-three patients did not 
have invasive study. They eventually became acyanotic during 
nursery stay, and were discharged without evidence of in- 
trinsic cardiac defects. 


Results 


The patients were grouped on the basis of M mode de- 
termination of the relation of great vessels, pulsed 
Doppler diagnosis and the final diagnosis (Table I). 
There were patients with cyanotic congenital heart 


disease in each great vessel category. Of the entire 68 
patients, there were 2 (ages 1 and 3 days) in whom a 
ductal jet could not be found by the Doppler technique. 
In these two, both great vessel flows were normal. 
Pulsed Doppler echocardiography diagnosed patent 
ductus arteriosus in 66 of the 68 patients (discrete jet 
recorded), supporting the hypothesis that ductal pat- 
ency is the rule in newborn infants with cyanosis. 
Group with normal great vessel relation: Forty- 
three patients had a normal great vessel relation on M 
mode study; that is, the anterior great vessel was to the 
left of the posterior great vessel. Of these, two had no 





FIGURE 3. Schematic diagram of approach to pulmonary artery and 
patent ductus arteriosus in the normal subject and in the subject with 
transposition of the great arteries. Left, in the absence of transposition, 
flow from the patent ductus arteriosus is obtained in the anterior vessel, 
a normally positioned pulmonary artery (PA). On the right, with trans- 
position of the great arteries, the ductal flow is into the posterior vessel, 
a transposed pulmonary artery. The arrow indicates flow from the aorta 
to the pulmonary artery. AO = aorta; T = transducer on the precor- 
dium. 
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FIGURE 4. Pulsed Doppler echocardiographic flow record of aorta and pulmonary artery in transposition of the great arteries. Top, the compressed 
M mode tracing indicates the presence of two great vessels, with the sample volume in the posterior vessel at left and in the anterior vessel at right. 
Left, the flow pattern of the posterior vessel reflects diastolic inflow from a patent ductus arteriosus (see Fig. 2, right) and therefore the posterior 
vessel is the pulmonary artery (PA) as it receives ductal flow. Right, a normal systolic and diastolic flow pattern is obtained with the sample volume 
(sv) in the other great vessel, the transposed aorta (AO). There is some nonflow scattering of dots in the center of the figure, as the sample volume 
traverses the position of the aortic valve leaflets. Unidentified abbreviations as in Figure 1. 


Doppler evidence of a left to right ductal shunt and were tricular septal defect; the specific diagnosis of that de- 


presumed to have undergone spontaneous ductal clo- 
sure. A patent ductus was detected in the remaining 41 
patients. In 16 with uncomplicated patent ductus ar- 
teriosus, cyanosis was attributed to coexisting hyaline 
membrane disease. In 14, abbreviated diastolic ductal 
flow was noted, consistent with severe pulmonary hy- 
pertension but still with some left to right ductal shunt.® 


fect was not possible with the M mode technique but 
was made with pulsed Doppler echocardiography. In 
four patients, the ductus was associated with tricuspid 
insufficiency. One patient had coarctation of the aorta 
and retrospectively was considered to have also had 
aspiration pneumonitis. Three patients with important 
heart disease (congenitally corrected transposition of 


In three infants, the ductus was associated with ven- 


TABLE | 
Summary of 58 Cases 





Pulsed Doppler 
Diagnosis 





n 


the great arteries, ventricular septal defect, pulmonary 


Final 
Diagnosis 


Normal (anterior great vessel to left of posterior vessel) 


PDA 30 
PDA, TR 4 
VSD, PDA 3 
Normal 2 
Pulmonary atresia, PDA 1 
Critical PS, PDA 1 
PDA, coarctation 1 
I-TGA, PDA, ?VSD 1 
Total 43 


PDA, TR 

TGA, PDA, ?VSD 

PS, PDA 

VSD, PDA 

TAPVR, PDA 
Tricuspid atresia, PDA 
Total 


Front to Back 


“J at at od a cA = AD OD 


PDA, HMD, lung dis. 
PDA, R-L atrial shunt 
Same 

HMD 

Same 

Same 

Same, lung dis. 
I-TGA, VSD, PS, PDA 


PDA, HMD, lung dis. 
Same 

Same 

Same, common ventricle 


Probably Transposed (anterior great vessel to right of posterior vessel) 


TGA, PDA 
TGA, PDA, ?PS, ?VSD 
Total 


ASD = atrial septal defect; HMD = hyaline membrane disease; I-TGA 
inversion; lung dis = other pulmonary parenchymal disease; PDA = pate 
= final diagnosis same as predicted with pulsed Doppler echocardiography; TAPVR 
of the great arteries; TR = tricuspid regurgitation; VSD 
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= total 
— ventricular septal defect. 
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Same 
Same, with PS and VSD 


— congenitally corrected transposition of the great arteries; ventricular 
nt ductus arteriosus; PS — pulmonary stenosis; R-L 
anomalous pulmonary venous return; TGA = transposition 


— right to left; Same 


valve stenosis, pulmonary valve atresia, and critical 
pulmonary stenosis) would have been recognized as 
having heart disease from the M mode study without 
the Doppler examination, but the latter clarified the 
question of transposition and therefore the question of 
heart disease of the cyanotic variety. 

Group with front to back great vessel relation: 
In 17 infants in whom two great vessels were identified 
with a front to back relation, neither vessel seemed 
clearly to be to the right or left of, or superior or inferior 
to, the other vessel on M mode echocardiography. In 7 
of the 17, important cardiac defects were present. Of 
prime concern was the possibility of transposition of the 
great vessels. On the basis of defining the pulmonary as 
that vessel receiving the ductus, Doppler echocardiog- 
raphy correctly predicted the presence of transposition 
in the 3 infants who had it, and documented the absence 
of transposition in the remaining 14. Pulsed Doppler 
echocardiography detected the specific diagnostic flow 
abnormalities in the patients with ventricular septal 
defect, pulmonary stenosis, and total anomalous pul- 
monary venous return.9-? The M mode study led to vi- 
sualization of only one atrioventricular (A-V) valve in 
the patient with tricuspid atresia, but Doppler study 
resolved the question of transposition. 

Transposition of great vessels group: Eight pa- 
tients had an M mode great vessel relation of the sort 
usually indicative of “d-transposition” (the anterior 
great vessel to the right of the posterior vessel), and that 
relation was confirmed at catheterization. Two had, in 
addition, a ventricular septal defect and pulmonary 
stenosis. In all eight, a patent ductus was present with 
blood flowing into the posterior great vessel during 
diastole, thereby identifying this vessel as the pulmo- 
nary artery. 


Discussion 


The M mode echocardiographic recognition of 
transposition of the great arteries, as described by 
Gramiak et al.,? allows successful detection of d-trans- 
position in many patients. In our series, 8 (73 percent) 
of 11 patients with proved transposition had a classic 
d-transposition relation demonstrated on M mode 
echocardiography. However, in a larger series of pa- 
tients, the typical d-transposition great vessel relation 
may be present in as few as 50 to 69 percent of patients 
with proved transposition.!0-!? 

Some investigators!? have described use of systolic 
time intervals to aid in identification of the pulmonary 
artery. In our experience, and in that of others,!^ most 
neonates have not yet had a sufficient reduction in 
pulmonary resistance to allow reliable differentiation 
of systemic from pulmonary valve on the basis of sys- 
tolic time intervals. Such intervals may be useful in 
older patients, however. 

The suggestion that the posterior pulmonary artery 
in transposition may have a larger outside diameter 
than the anterior aorta!® has not always been borne out 
in our experience. À possible reason for this may be the 
difficulty in obtaining a reliable measurement of the 
anterior aorta, if the valve is imaged with transducer 
angulation and not with the transducer perpendicular 
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to the valve ring. Also, if pulmonary stenosis is present 
in transposition, the valve ring may be small. 

With Doppler detection of patent ductus arteriosus 
and resultant identification of the pulmonary artery, 
we have been completely successful in separating in- 
fants with transposition from those without transposi- 
tion. In using this method, the assumption is made that 
an anterior pulmonary artery, identified on the basis of 
receiving diastolic ductal flow, is not transposed. Such 
an assumption will be reasonable for the great majority 
of patients with transposition. We have not encountered 
the unusual defect of transposition with posterior aorta 
and anterior pulmonary artery reported in a series of 
four cases collected from Northern and Central America 
and Europe.‘ This rare form of transposition might not 
be correctly diagnosed on the basis of Doppler identi- 
fication of the pulmonary artery. 

Although real time two dimensional echocardiogra- 
phy has proved helpful in the evaluation of the course 
of great vessels," and therefore in identifying the 
relation and course of transposed great vessels,!? the 
expense of the equipment may limit its widespread 
application. Pulsed Doppler echocardiography equip- 
ment is less expensive and provides physiologic input 
into the great vessel diagnosis by identifying the pul- 
monary artery and screening for severe pulmonary hy- 
pertension and intracardiac defects that may not be 
detectable by other noninvasive means. 

Methodologic considerations: As with any new 
technique, Doppler examinations must be performed 
with care, and a degree of initial experience is needed. 
Because the examination complements the more fa- 
miliar A and M mode echocardiographic examinations, 
and because one knows at all times where blood flow 
characteristics are being evaluated, a knowledgeable M 
mode sonographer, familiar with the differential diag- 
nostic possibilities in a given patient, should have rel- 
atively little difficulty. Indeed, detection of a patent 
ductus arteriosus from a precordial approach is one of 
the easiest and most dramatic of Doppler maneuvers.? 
Guided by the A and M mode scopes, and knowing the 
position of the great vessels, one follows the audio signal 
as the sample volume is moved through the ventricle 
and across the valve echo into the vessel. Regardless of 
the relation of the great vessels, the diastolic left to right 
ductal flows are from the aorta to the pulmonary artery 
and will therefore be directed toward a precordially 
placed transducer (Fig. 3). However, systolic flow from 
the ventricle to the pulmonary artery will be directed 
away from the transducer. Such directional differences 
are dramatically detected by Doppler study. In our ex- 
perience, pulsed Doppler echocardiography is a reliable 
method for detecting and evaluating patent ductus ar- 
teriosus and has excellent sensitivity and speci- 
ficity.?? 

Because the Doppler diagnosis of patent ductus ar- 
teriosus is based on the recording of diastolic ductal flow 
into the pulmonary artery, it is clear that the precordial 
Doppler approach described here will detect a patent 
ductus only when there is a left to right shunt compo- 
nent. Patients with patent ductus arteriosus and low 
pulmonary resistance characteristically have pandias- 
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tolic ductal flow, whereas patients with marked pul- 
monary hypertension have a reduced duration of dia- 
stolic ductal flow.? If the pulmonary vascular resistance 
is much greater than systemic, as expected in severe 
cases of persistent fetal circulation syndrome, the ductal 
flow may be totally right to left, precluding detection 
of the ductus by the Doppler approach described here. 
In less severe cases of persistent fetal circulation syn- 
drome, where some degree of bidirectional shunt may 
exist, we have been successful in detecting brief periods 
of diastolic ductal flow into the pulmonary artery. 
Pulsed Doppler echocardiography versus cardiac 
catheterization: With basic Doppler experience, one 
should be able to detect patent ductus arteriosus and 
therefore identify the pulmonary artery. With the 
pulmonary artery identified, and evaluation of the 
connection attempted, one is still left with some patients 
who need cardiac catheterization. The value of pulsed 
Doppler echocardiography is in identifying those pa- 
tients who do not need catheterization. Severely hy- 
poxic, frequently acidotic infants are among those with 
the highest risk of death from catheterization. In many 
centers, catheterization is recommended for all infants 
whose response to added inspired oxygen is suboptimal 
and in whom congenital heart disease cannot be ex- 
cluded. Our series contained 24 such patients with a 
questionable great vessel relation and M mode findings 
that did not exclude congenital heart disease. Trans- 
position was correctly predicted or excluded with the 
Doppler study, thus materially aiding the decision on 
catheterization. Since our experience in pulsed Doppler 


techniques, there has been a marked decrease in the 
number of cyanotic neonates coming to catheterization 
but later proved to have a noncardiac cause of cyanosis. 
We usually do not recommend catheterization if M 
mode echographic and Doppler study identify two 
ventricles, two atrioventricular valves and two non- 
transposed great vessels, if there is no intracardiac blood 
flow abnormality (such as ventricular septal defect, 
pulmonary stenosis, massive tricuspid insufficiency) 
and if there are no findings suggestive of obstructed 
total anomalous pulmonary venous return (chest 
roentgenogram for vascular markings, right ventricular 
enlargement and pulmonary valve echographic findings 
of pulmonary hypertension, Doppler detected pulmo- 
nary valve insufficiency or abbreviated diastolic ductal 
flow). 

In a 3 year experience, no patient with confirmed 
cyanotic heart disease has been denied a catheterization 
because of this policy. However, the Doppler definition 
of the pulmonary artery requires the presence of a 
patent ductus arteriosus. In the early neonatal period, 
this is not a significant limiting factor. But, with in- 
creasing postnatal age, the expected decrease in ductal 
prevalence may limit the application of the technique 
in older patients. We believe that pulsed Doppler 
echocardiography is a useful adjunct to ultrasonic 
evaluation of cyanotic newborns, its primary contri- 
bution being specific noninvasive definition of the 
pulmonary artery. Once the pulmonary artery is iden- 
tified, the question of transposition may be an- 
swered. 
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For all of its benefits, intra-aortic ball 
pumping has had one ever-present short 
ing. The balloon had to be inserted and 
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Digital Exercise Timer 
Push the “Exercise” button at the start of the stress test 
and the exercise time will be displayed. 


Automatic Exercise Recording Protocol 
Recording interval is adjustble, by a switch located 
behind the pen cover, to permit automatic programmed 
recording. 


EXERCISE 








Digital Heart Rate Meter 
The ECG-5503 is the only 3-channel electrocardiograph 
which features a heart rate meter. It indicates the heart 
rate during ECG measurement. 


Six Chart Speeds m (ee qe 


In addition to standard 
chart speeds of 25, 50 and 1 B0. 100" mae 
100mm/sec., 1/10 speeds 

are possible to facilitate stress ECG monitoring and 
irregular rhythm recording. 





Quartz Controlled Chart Speed and Timing Mark 
Clear Crystal-Cut Traces 
AC Filter and Defibrillation Protection 





5th Lead Group 
An extra lead group of Il, aVF and V5 is provided to 
enhance rhythm observation. 


Nihon Kohden (America) is introducing this new 
model ECG-5503 automatic electrocardiograph 
with all these features at only $5995. 


Let our sales & service network show you why Nihon 
Kohden, with over 30 years experience, is the world 
leader in quality ECG's. 

Please call collect today: Nihon Kohden (America), Inc. 
(213) 320-3891. 


NIHON KOFHDEN (AMERICA), INC. 


pm 530 Maple Avenue, Torrance, Calif. 90503 
(213) 320-3891 Collect calls invited 


In other countries, write to Nihon Kohden Kogyo Co., Ltd., 31-4, Nishiochiai 1-chome, Shinjuku-ku, Tokyo 161, Japan. 
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om Just published! 


5 Laragh’s eagerly awaited new guide 
Hypertension to understanding, diagnosing, 
AN. and treating Hypertension 


TOPICS IN 


er Edited by JOHN H. LARAGH, MD 


644 pages. 36 chapters by 85 interna- Master Professor of Medicine, Chief, Cardiology Division 
tionally known specialists. Illustrated. Director, The Cardiovascular Center 


Comprehensively indexed. $49.00. 


1 
| in its many forms... 
i 


Available on 30-day approval. The New York Hospital-Cornell Medical Center 





High blood pressure is no longer only a problem of worldwide in- 
terest and relevance. It is now one in which the knowledge base 
has exploded to the point where the informed physician can do 
more and more about it in his daily practice. . . and can apply, to 
an ever-increasing extent, more sophisticated and individually 
tailored therapies. 


Laragh's TOPICS IN HYPERTENSION places this kind of vital 
knowledge within instant reach of the physician. It presents a 
carefully selected array of discussions by 85 eminent specialists. It 
deals in depth with recent breakthroughs in understanding, diag- 
nosing, and treating this problem. 


The book is conveniently organized for effective consultation and 
reading. 


Check the helpful contents... 


SECTION 1 

Some Biochemical and Pathophysiologic Aspects 

. 1 The Biochemistry of the Renin-Angiotensin System and Its Role in 
Hypertension 2 Conversion of Angiotensin I to Angiotensin II 3 
Angiotensin Receptors in Vascular Tissue 4 Vascular Angiotensin 
Receptors and Their Role in Blood Pressure Control 5 Renal 
Prostaglandins and the Regulation of Blood Pressure Renin Release and 
Sodium and Water Homeostasis 6 Linking the Kallikrein and Renin 
Systems via Activation of Inactive Renin: New Data and a Hypothesis 7 
Control of Renin Release: Experimental Evidence and Clinical 
Implications 8 Blood Rheology in Hypertension and Cardiovascular 
Diseases 9 Renal Circulation in Hypertensive Disease 10 The Concept of 
Autoregulation of Total Blood Flow and Its Role in Hypertension 11 A 
Proposed Cybernetic System for Sodium and Potassium Homeostasis: 
Coordination of Aldosterone and Intrarenal Physical Factors 
SECTION 2 

Newer Physiologic Approaches to Diagnosis 

12 Renin-Sodium Profiling: Why, How and When in Clinical Practice 13 
How to Do a Plasma Renin Assay 14 The Renin Axis and 
Vasoconstriction Volume Analysis for Understanding and Treating 
Renovascular and Renal Hypertension 15 Clinical and Laboratory 
Diagnosis of Adrenocortical Hypertension 

SECTION 3 

Clinical and Prognostic Aspects 

16 High Blood Pressure in Children: Problems and Guidelines for 
Evaluation and Treatment 17 Systolic Hypertension: Nonhomogeneous 
Diseases 18 Hypertension Associated with Early Stage Kidney Disease 19 
Elevation of Serum Lipid Levels During Diuretic Therapy of 
Hypertension 20 Renin and Aldosterone Secretion in 
Pheochromocytoma: Effect of Chronic Alpha Adrenergic Receptor 
Blockade 21 Pathogenesis of Hypertension in Cushing's Syndrome: 
Glucocorticoid Excess 22 The Renin-Sodium Profile as a Predictor of 
Hypertensive Complications 23 The Hypertensive Diseases 

SECTION 4 

Modes of Therapy 

PART I Beta Blockade 

24 Acute and Long-term Studies of the Mechanisms of Action of Beta 
Blocking Drugs in Lowering Blood Pressure 25 The Role of Beta 
Adrenoreceptor Blockade in Hypertension 26 Rapid Identification of 
Patients with Essential Hypertension Sensitive to Beta Blockade 27 The 
Predictive Value of Renin Profiling in the Choice of Treatment in Primary 
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Hypertension, with Special Reference to Patients with Low Renin Values 
28 Prazosin: An Alpha Adrenergic Blocking Agent in Treatment of 
Hypertension 29 Antihypertensive Effectiveness of Propranolol: Role of 
the Renin-Aldosterone Axis 30 Antihypertensive Beta Blocking Action as 
Related to Renin and Age: A Pharmacologic Tool to Identify 
Pathogenetic Mechanisms in Essential Hypertension 31 Modern System 
for Treating High Blood Pressure Based on Renin Profiling and 
Vasoconstriction- Volume Analysis: A Primary Role for Beta Blocking 
Drugs such as Propranolol 

PART II Saralasin 

32 Usefulness and Limitations of Saralasin, a Partial Competitive 
Agonist of Angiotensin II, for Evaluating the Renin and Sodium Factors 
in Hypertensive Patients 33 AngiotensinBlockade: Its ClinicalSignificance 
PART III Converting Enzyme Blockade: Basic and Clinical Aspects 

34 The Renin System in High Blood Pressure: Converting Enzyme 
Blockade for Analysis and Treatment 35 Estimating Renin Participation 
in Hypertension: Superiority of Converting Enzyme Inhibitor over 
Saralasin 36 Clinical Experience with Blockade of the Renin-Angiotensin- 
Aldosterone System by an Oral Converting Enzyme Inhibitor (Captopril) 
in Hypertensive Patients 


Among the 85 authoritative contributors... 





Edward G. Biglieri, MD James B. Lee, MD 

Fritz R. Buhler, MD William C. Roberts, MD 
Edward D. Frohlich, Leonard T. Skeggs, PhD 
MD, FACC David H.P. Streeten, 
Norman K. Hollenberg, MD, DPhil 

MD, PhD Alberto Zanchetti, MD 


John H. Laragh, MD 


Consult and Read 
Laragh’s New Manuai 30 Days Free 


Keep it only if you consider it too valuable to give up. Otherwise 
simply return the book after 30 days and owe nothing. 


ee ee | 

















i YORKE MEDICAL BOOKS AJC 11/80 i 
i 666 Fifth Avenue *« New York, NY 10103 i 
Send me, on approval, ____ copies of Laragh's TOPICS IN 
i HYPERTENSION at $49.00. | will consult and read this new manual for 30 l 
q days, then remit only if | consider it a necessary addition to my library. i 
i Otherwise | will return it without further obligation. j 
i || Send bill, plus shipping cost. i 

|] Payment herewith. Publisher pays shipping. Same return privilege. 
i Charge my (J Master Card |.) Visa i 
i Acct. No. Exp. date i 
Name 
| Address i 
f City State Zip 
i Please add Sales Tax in N.Y. State. Outside Western Hemisphere price 1 

is $57.00 and prepayment or credit card number is required. Thank you. 
Edna ide ecto eit BUE um ab qux mis un aur mp fu eas aaa cle PR all 


Andreas R.Griintzig 
Richard K. Myler 
simon H. Stertzer 


Three leaders in angioplasty discuss patient evaluation, technique, and 
liagnostic philosophies in an important new monograph. Available without charge 
from New England Nuclear. 


Thallium-201 Imaging 


PRI MN and Angioplasty 


Guest Editor: Richard K. Myler, MD 






tion service of NEN, New England Nuclear 


Less invasive evaluation... less traumatic therapy 


As a practicing 
clinician, you’ve 
probably observed 
with growing 
interest the new 
diagnostic and 
therapeutic 
techniques for 
evaluating and 
managing your 
coronary artery 
disease patients. 
Two of the newest 
techniques 
entering routine 
clinical use hold 
great promise 
because they are 
relatively 
noninvasive: 
thallium-201 
myocardial 
perfusion imaging, 
and percutaneous 
transluminal 
coronary angio- 
plasty. Not 
surprisingly, the 
thallium-201 study 
has become a 
vital tool both in 
evaluation and 
followup of all 
patients being 
considered for 
angioplasty. 


Contents: 


Historical notes 


Andreas R. Grüntzig, MD 
University Hospital 
Zurich, Switzerland 


"Intraoperative experience demon- 
strated that coronary artery 
atheroma could be successfully 
compressed in the living human, 
and that disruption of the 
plaque produced no emboli” 
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Clinical indications and 
considerations 


Richard K. Myler, MD 
University of California, 
San Francisco Medical School 


"Patients whose coronary artery 
disease responds to transluminal 
angioplasty typically present 
with severe angina. ..of recent 
onset...that has proved 
refractory to medical therapy." 
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A clinical primer on technique 


Simon H. Stertzer, MD 
Lenox Hill Hospital 
New York, New York 


"Whether the brachial or femora 
approach is used for the arterio, 
raphy depends on the approach 
to be used for the angioplasty 
procedure and on the personal 
preference of the physician" 


.and anew monograph on their synergy 


To assist clinicians 
in determining 
which of their 
patients might 
benefit from these 
new diagnostic 
and therapeutic 
techniques, New 
England Nuclear 
has underwritten 
the development 
of anew monograph 
on the synergy 

of thallium-201 
imaging, 
angiography, and 
angioplasty. 

This monograph 

is available 
without charge 
upon request. 
Simply complete 
the reply card 
below and mail 

it for your copy. 

A slide program 

on the subject for 
teaching rounds 
use is also available. 
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[ Please send me a complimentary copy of the Angiography and 
Angioplasty monograph. 


O Please send me information on obtaining the Angiography and 


llium-2 i : ! : 
ment and angioplasty Angioplasty 35mm slide program for teaching rounds showings. 


mergistic diagnostics 
idreas R. Grüntzig, MD 


| 
| 
| 
| 
| 
| 
| 
th | 
| 
| 
| 
| 
| 
| 
| 


mon H. Stertzer, MD AE e a ad ra a SOE ea ut Title oci Sie oe ee 
artin E. Bloomfield, MD BEI teint ef... ops iva AEE e ee E, eae 
nox Hill Hospital 

f ; : ; Insti i e a E N e ar ea O E I 
1allium imaging gives the 
lysician another measure of Institution address SEEE IPESE S POE CERT OE E E aH E N E TET I OS 
e hemodynamic significance 
an observed stenosis.” Cu d eia dc dass Fy Ss NE State cA LU: E AN i e. MAI 


Thallous Chloride 
TI 201 


FOR DIAGNOSTIC USE 


DESCRIPTION: Thallous Chloride TI 201 is sup- 
plied in isotonic solution as a sterile, non- 
pvrogenic diagnostic radiopharmaceutical for 
intravenous administration. The aqueous solu- 
tion at calibration time contains 1ImCi/ml 
Thallous Chloride TI 201, adjusted to pH 4.5- 
6.5 bv the addition of hvdrochloric acid and/ 
or sodium hvdroxide solution. It is made iso- 
tonic with 0.99» sodium chloride and is 
preserved with 0.9% benzvl alcohol. Thallium 
TI 201 has a half-life of 73.1 hours and is cyclo- 
tron-produced. It is essentially carrier-free, 
and contains less than 0.25% lead Pb 203 and 
less than 1.9% Thallium TI 202. 


PHYSICAL CHARACTERISTICS 
Thallium TI 201 decays bv electron capture to 
Mercury Hg 201 with a physical half-life of 
73.1 hours.' Photons that are useful for detec- 
tion and imaging are listed in Table 1. The 
lower energy X-rays obtained from the mer- 
curv Hg 201 daughter of TI 201 are recom- 
mended for myocardial imaging, because the 
mean °o/disintegration at 68-80.3 keV is much 
greater than the combination of gamma and 
gamma-6 mean °o/disintegration. 


Table 1. Principal Radiation Emission Data 





Mean Mean 
Radiation 9o/ Disintegration Energy (keV) 
Gamma-4 2.65 135.3 
Gamma-6 10.0 167 4 
Mercury X-rays 94 5 68-80.3- 





Martin MJ Nuclear Data Project. ORNL. January 1977 


EXTERNAL RADIATION 
The specific gamma rav constant for Thallium 
TI 201 is 4.7R/mCi-hr. at 1 cm. The first half- 
value laver is 0.23mm of lead. A range of val- 
ues for the relative attenuation of the radiation 
emitted bv this radionuclide that results from 
the interposition of various thicknesses of lead 
(Pb) is shown in Table 2. For example, the use 
of 3.3mm of lead will decrease the external 
radiation exposure bv a factor of about 10,000. 
Table 2. Radiation Attenuation By Lead Shielding 
mm of Lead (Pb) Coefficient of Attenuation 





0.006 05 
015 10"! 
0.98 10° 
2.1 107 
33 0 


To correct for phvsical decav of this radio- 
nuclide, the fractions that remain at selected 
intervals before and after calibration are 
shown in Table 3. 

Table 3. Thallium TI 201 Decay Chart: Half-life 73.1 Hours 





Fraction Fraction Fraction 
Hours Remaining Hours Remaining Hours Remaining 

-72 198 18 084 72 0.51 
-60 177 24 0.80 78 0.48 
-4Ẹ 1.58 30 0.75 84 0.45 
-36 141 36 071 90 0.43 
-12 112 42 0.67 96 0.40 
-6 106 48 063 108 0 36 
0 1.00 54 0.60 120 0.32 

6 0.95 60 057 132 0.29 
12 0.89 66 0.54 144 026 





Calibration Time 


BUSINESS REPLY CARD 


First Class Permit No. 33397 Boston, MA 


Postage will be paid by addressee 


New England Nuclear 
Medical Diagnostics Division 
549 Albany Street 

Boston, MA 02118 


Attn: Teaching Program 
Administrator 


CLINICAL PHARMACOLOGY: Carrier-free Thallous 
Chloride TI 201 has been found to accumulate 
in viable myocardium in a manner analogous 
to potassium. Experiments employing labeled 
microspheres in human volunteers have 
shown that the myocardial distribution of 
lhallous Chloride TI 201 correlates well with 
regional perfusion. 


In clinical studies, thallium images have been 
found to visualize areas of infarction con- 
firmed bv electrocardiographic and enzyme 
changes. Regions of transient myocardial 
ischemia corresponding to areas perfused by 
coronarv arteries with partial stenoses have 
been visualized when thallium was adminis- 
tered in conjunction with an exercise stress 
test. It is usually not possible to differentiate 
recent from old mvocardial infarction, and no 
exact dillerentiation can be made between 
recent mvocardial infarction and ischemia. 
Alter intravenous administration, Thallous 
Chloride TI 201 clears rapidlv from the blood 
with maximal concentration bv normal mvo- 
cardium occurring at about ten minutes. 


INDICATIONS AND USAGE: Thallous Chloride TI 201 
mav be useful in mvocardial perfusion imag- 
ing for the diagnosis and localization of mvo- 
cardial infarction. 

It mav also be useful in conjunction with 
exercise stress testing as an adjunct in the 
diagnosis of ischemic heart disease (athero- 
sclerotic coronary artery disease). 


CONTRAINDICATIONS: None known. 


WARNINGS: In studying patients in whom myo- 
cardial infarction or ischemia is known or 
suspected, care should be taken to assure con- 
tinuous clinical monitoring and treatment in 
accordance with safe, accepted procedure. 
Exercise stress testing should be performed 
only under the supervision of a qualified phy- 
sician and in a laboratory equipped with 
appropriate resuscitation and support 
apparatus. 

Ideally, examinations using radiopharmaceu- 
tical drug products — especially those elective 
in nature — of women of childbearing capabil- 
itv should be performed during the first ten 
davs following the onset of menses. 


PRECAUTIONS: Data are not available concerning 
the eflect of marked alterations in blood glu- 
cose, insulin, or pH (such as is found in dia- 
betes mellitus) on the qualitv of thallium TI 
201 scans. Attention is directed to the fact that 
thallium is a potassium analog, and since the 
transport of potassium is aflected bv these 
factors, the possibility exists that the thallium 
mav likewise be affected. 

Thallous Chloride TI 201, as all radioactive 
materials, must be handled with care and 
used with appropriate safety measures to 
minimize external radiation exposure to clini- 
cal personnel. Care should also be taken to 
minimize radiation exposure to patients in a 
manner consistent with proper patient 
management. 

No long-term animal studies have been per- 
formed to evaluate carcinogenic potential. 
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Adequate reproduction studies have not been 
perlormed in animals to determine whether 
this drug aflects fertility in males or females, 
has teratogenic potential, or has other adverse 
eflects on the fetus. Thallous Chloride TI 201 
should be used in pregnant women onlv when 
clearly needed. 

It is not known whether this drug is excreted 
in human milk. As a general rule nursing 
should not be undertaken when a patient is 
administered radioactive material. 

Safety and effectiveness in children have not 
been established. 

The expiration date for Thallous Chloride TI 


201 is six davs postcalibration. 


ADVERSE REACTIONS: Adverse reactions related to 


use of this agent have not been reported to 
date. 


DOSAGE AND ADMINISTRATION: The recommended 
adult (70kg) dose of Thallous Chloride TI 201 
is 1-1.5mCi. Thallous Chloride TI 201 is 
intended for intravenous administration only. 
For patients undergoing resting thallium stud- 
ies, imaging is optimally begun within 10-20 
minutes alter injection. Several investigators 
have reported improved mvocardial-to-back- 
ground ratios when patients are injected in 
the fasting state, in an upright posture, or 
alter brietly ambulating. 

Best results with thallium imaging performed 
in conjunction with exercise stress testing 
appear to be obtained if the thallium is 
administered when the patient reaches max- 
imum stress and when the stress is continued 
lor 30 seconds to one minute after injection. 
Imaging should begin within ten minutes 
post-injection since target-to-background ratio 
is optimum bv that time. Several investigators 
have reported significant decreases in the tar- 
get-to-background ratios of lesions attribut- 
able to transient ischemia bv two hours after 
the completion of stress testing. 


The patient dose should be measured bv a 
suitable radioactivity calibration svstem 
immediatelv prior to administration. 
Radiopharmaceuticals should be used bv per- 
sons with specific training in the safe use and 
handling of radionuclides produced by 
nuclear reactor or particle accelerator and 
whose experience and training have been 
approved by the appropriate government 
agencies authorized to license the use of 
radionuclides. 

RADIATION DOSIMETRY 
The estimated absorbed radiation dose’ to an 
average patient (70kg) from an intravenous 
injection of a maximum dose of 1.5 millicuries 
of TI 201 is shown in Table 4. 


Table 4. Radiation Dose Estimates of Thallous Chloride TI 201: 
Absorbed Dose/1.5mCi Thallium TI 201 Administered 





Rads./15mCi 

Heart 051 
Small Intestines 097 
Kidneys 22 

Liver 0.93 
Red Marrow 051 
Ovaries 0.85 
Testes 081 
Thyroid 112 
Total Body 0.36 





Values listed include a maximum correction of 13% to the radiation 
doses trom TI 201 due to the radiocontaminants Pb 203 and TI 202 


HOW SUPPLIED: Thallous Chloride TI 201 for 
intravenous administration is supplied as a 
sterile, non-pvrogenic solution containing at 
calibration time, ImCi/ml of Thallous TI 201, 
9mg/ml sodium chloride, and 9mg/ml ol 
benzvl alcohol. The pH is adjusted to between 
4.5-6.5 with hydrochloric acid and/or sodium 
hvdroxide solution. Vials are available in the 
following quantities of radioactivity: 1.5, 3.0, 
4.5, 6.0 and 9.0 millicuries of Thallous TI 201. 
The contents of the vial are radioactive. Adequate shielding 
and handling precautions must be maintained. 
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To assess the efficacy, plasma drug concentrations and adverse effects 
of a new sustained release preparation of procainamide, 33 patients with 
heart disease were studied in an acute dose-ranging protocol and a 
chronic treatment protocol. Patients initially received a daily dose of 3 
g of sustained release procainamide; this dose was increased by 1.5 g 
daily until ventricular premature depolarizations were suppressed by 75 
percent or more, adverse drug effects occurred or a total daily dose of 
7.5 g of sustained-release procainamide was reached. Twenty-five pa- 
tients (76 percent) had at least a 75 percent reduction (range 75 to 100 
percent [mean + standard deviation 91 + 8.2]) in ventricular premature 
depolarization frequency at a dosage of 4.8 + 1.46 g/day (range 3.0 to 
7.5). Despite the 8 hour dosing interval, the variation between maximal 
and minimal plasma procainamide and N-acetylprocainamide concen- 
trations under steady state conditions was very small. Mean maximal 
procainamide and N-acetylprocainamide plasma concentrations were 
10.4 + 6.02 and 12.0 + 7.40 ug/ml, respectively. The respective mean 
minimal concentrations were 6.8 + 4.50 and 8.7 + 5.99 ug/ml. In nine 
patients (27 percent) treatment with sustained release procainamide 
resulted in conversion of the antinuclear antibody test from negative to 
positive. Adverse drug effects occurred in 17 (52 percent) of the subjects. 
In general, adverse effects were minor and abated within 24 hours after 
administration of the drug was stopped. One patient had the procain- 
amide-induced systemic lupus erythematosus-like syndrome. 


Procainamide is a versatile and effective antiarrhythmic agent that is 
commonly used to treat supraventricular and ventricular arrhythmias.!? 
One factor that limits its usefulness is its relatively short half-life of 
elimination (3 to 6 hours). A rapid half-life of elimination necessitates 
frequent dosing to maintain therapeutic plasma concentrations, and 
thereby may contribute to poor patient compliance. To overcome this 
limitation, a new sustained release procainamide formulation was de- 
veloped (Squibb Institute for Medical Research). Studies in normal 
volunteers show that this preparation is more slowly absorbed than are 
conventional procainamide capsules—consequently, under steady state 
conditions, plasma drug concentration is maintained longer after ad- 
ministration of a single dose. It is hoped that the increase in duration 
of action will improve patient compliance. 

This study had three main goals: (1) to evaluate the efficacy of the 
new sustained release procainamide formulation in treatment of ven- 
tricular arrhythmia; (2) to determine the steady state plasma concen- 
tration of procainamide and N-acetylprocainamide after oral drug ad- 
ministration; and (3) to assess the incidence and nature of untoward 
drug-induced effects related to sustained release procainamide. To 
achieve the first two goals, we conducted an acute dose-ranging protocol. 
To achieve the third goal, we followed up the patients for up to 1 
year. 


sa 
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Methods increased by 1.5 g, (500 mg every 8 hours) until a 75 percen 
reduction in frequency of ventricular premature depolariza 
Study patients: Patients with cardiac disease who had tions or adverse effects occurred or a total daily dosage of 7.! 
more than 10 ventricular premature depolarizations/hour were g was given. The decision to increase the daily dosage wa: 
studied. All patients gave written informed consent before made after a cardiologist had scanned the 24 hour electro 
entering the protocol. Patients were enrolled in two centers, cardiographic tapes on an Avionics Scanner (model 660A). A 
the Columbia-Presbyterian Medical Center and the Univer- a later date, each Holter tape was analyzed using a digita 
sity of Arizona Health Sciences Center. Each center conducted computer program (Columbia IV). The mean rate (+ standarc 
the same protocol. Before the study, each patient underwent deviation) of detection of ventricular premature depolatiza 
the following procedures: history, physical examination, tions with this program is 97 + 6.1 percent and the false pos 
electrocardiography, chest X-ray examination, complete blood itive rate is 0.26 + 0.35 percent.4 
count, urinalysis, liver function tests, lupus erythematosus Chronic treatment protocol: The patients whose ven 
cell preparation, antinuclear antibody test, and determination tricular premature depolarizations were reduced by 75 percen 
of fasting blood sugar, serum creatinine and creatinine or more and who did not have adverse drug effects were can 
clearance, uric acid and calcium, phosphorus and cholesterol didates for the chronic treatment protocol. Under steady state 
levels. Each test was repeated at the follow-up examinations conditions, patients had plasma samples for procainamide anc 
and on withdrawal from the study. Administration of other N-acetylprocainamide drawn 2, 4, 6 and 8 hours after the ef 
antiarrhythmic drugs was discontinued at least 48 hours be- fective dose. Patients were discharged taking the effective dos 
fore entry into the study. and seen as outpatients 1, 3, 6, 9 and 12 months after dis 
Acute dosing protocol: During each day of the acute charge. Outpatient visits included a history and physical ex 
dose-ranging protocol, patients had a 24 hour Holter elec- amination by a cardiologist, plasma samples for procainamids 
trocardiographic recording to assess heart rate and frequency and N-acetylprocainamide determination, a 24 hour Holte: 
of ventricular premature depolarizations. After a control 24 electrocardiographic recording, and routine blood tests that 
hour continuous electrocardiogram was obtained, dosing was included antinuclear antibody test and lupus erythematosus 
started. The initial daily dosage was 3 g of sustained release cell preparation. Patients were discharged from the chronic 
procainamide (1 g every 8 hours). Each day, the dosage was dosing protocol if they were noncompliant with the regimen 








TABLE | 
Clinical Characteristics of 33 Patients 
Creatinine 
Age (yr) Clinical NYHA Clearance Weight 

Case & Sex Diagnosis Class (ml/min) (kg) 
1 49 M UHD,NSH IA 47 100 

2 53M ASCVD,EH IVD 21 55 

3 61M CHD,EH IB 56 59 

4 70M ASCVD,NSH IB 69 68 

5 62F ASCVD,EH IVD 29 60 

6 69 M ASCVD,EH IIC 40 58 

7 53F UHD,EH IIB 42 70 

8 66M ASCVD,EH IVD 64 85 

9 64M ASCVD,NSH IA 75 64 

10 69 M ASCVD,EH IIIC 26 53 

11 71M HCVD,EH IIB 52 77 
12 51F UHD,NSH IA 58 58 
13 74M ASCVD,EH IIB 51 65 

14 38 F ASCVD,NSH IA 56 114 

15 55 F ASCVD,EH IIB 69 58 

16 60 M UHD,NSH IA 60 68 

17 32 F UHD,NSH IA 94 105 

18 65 M ASCVD,EH IIB 65 114 

19 35 F CHD,NSH IA 85 76 
20 63 M ASCVD,EH IIB 71 88 

21 71M ASCVD,NSH IIB 35 76 
22 38 M UHD,NSH IA 126 87 
23 64 M UHD,EH IIB 45 81 
24 46 M UHD,NSH IIB 85 60 
25 70M ASCVD,EH IIB 83 82 
26 58 M RHD,EH IIB 84 86 
27 61M ASCVD,NSH IIB 100 74 
28 64 M HCVD,EH IIB 60 81 
29 50 M ASCVD,NSH IA 70 80 
30 65 F ASCVD,NSH IIB 54 71 
31 70M ASCVD,NSH IIB 62 76 
32 60 M ASCVD,EH IIB 70 80 
33 62 F HID,NSH IA 102 68 
Mean 59 64 76 
+ SD 11.2 23.1 15.9 


ASCVD = arteriosclerotic heart disease; CHD = congenital heart disease; EH = enlarged heart; HCVD = hypertensive cardiovascular disease;, 
HID = heart disease secondary to viral infection; NSH = normal size heart; NYHA Class = New York Heart Association functional classification; 
RHD = rheumatic heart disease; SD = standard deviation; UHD = unknown heart disease. 
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manifested adverse drug effects or died or if their primary 
physician considered that further treatment with the drug was 
not indicated. 

Data analysis: Student’s t test for paired samples was used 
to evaluate the statistical significance of the changes after drug 
treatment. Procainamide and N-acetylprocainamide deter- 
minations in plasma were measured with gas chromatogra- 
phy. Procainamide and N-acetylprocainamide were reported 
as ug/ml base. 


Results 


Clinical features of patients: The 33 patients 
ranged in age from 32 to 74 years (mean + standard 
deviation = 59 + 11.2); 24 were men and 9 were women. 
All patients had heart disease: arteriosclerotic in 19, of 
unknown origin in 8, congenital in 2, hypertensive in 2, 
secondary to viral infection in 1 and of rheumatic origin 
in 1 (Table I). Twenty-eight patients were in New York 
Heart Association? functional class I or II, and five were 
in class III or IV. The 24 hour creatinine clearance 
ranged from 21 to 126 ml/min (mean 64 + 23.1). 

Eighteen patients (55 percent) were referred for 
treatment because they had not responded to one or 
more (up to six) of the following antiarrhythmic drugs: 
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quinidine (12 patients); propranolol (6 patients); di- 
phenylhydantoin (2 patients); disopyramide (1 patient); 
imipramine (1 patient); and mexiletine (1 patient). 

Six patients (18 percent) had adverse drug effects 
associated with other antiarrhythmic agents: quinidine 
(gastrointestinal symptoms, four patients; thrombo- 
cytopenia, one patient; and hemolytic anemia, one pa- 
tient); disopyramide (leg cramps and urinary retention, 
one patient); imipramine (hallucinations, one patient); 
and propranolol (depression, one patient). 

Efficacy against ventricular arrhythmia: Holter 
electrocardiograms recorded during the control period 
ranged from 8 to 24 hours (mean 20 + 3.4) and during 
the maximal efficacy period from 10 to 24 hours (mean 
21 + 2.9). There was no significant change in heart rate 
on these recordings. Heart rate during the control period 
ranged from 54 to 95 beats/min (75 + 10.7) and at 
maximal efficacy from 46 to 84 beats/min (72 + 9.7). 

We used a 75 percent reduction in the 24 hour average 
ventricular premature depolarization count as the cri- 
terion of efficacy. Before treatment, the frequency of 
ventricular premature depolarizations/hour, ranged 
from 11 to 1,514 (mean 324 + 359.9) (Table II). The 


TABLE Il 
Effect of Sustained Release Procainamide on Ventricular Arrhythmia and Ventricular Coupling (R-V) Interval 
Episodes of Ventricular 
VPDs/hour Paired Complexes Tachycardia R on T VPDs R-V Interval (ms) 
Case Pre Post Pre Post Pre Post Pre Post Pre Post 
1 145 1 342 11 1 0 97 0 470 560 
2 509 8 251 11 19 0 12 12 526 535 
3 110 297 10 34 0 2 63 5 531 515 
4 44 1 10 0 4 0 2 0 684 719 
5 341 76 204 16 176 4 1 1 580 604 
6 756 316 1853 0 861 0 8 0 587 584 
7 323 20 87 1 21 0 150 0 480 517 
8 494 36 727 22 164 3 199 7 587 584 
9 11 1 0 0 0 0 19 0 487 552 
10 69 0 31 0 1 0 2 0 486 521 
11 16 2 3 0 2 0 18 0 461 510 
12 28 1 6 0 0 0 259 1 527 608 
13 64 5 22 0 0 0 227 0 458 615 
14 751 143 114 15 2 0 0 0 489 509 
15 1514 363 3899 194 811 15 397 0 519 537 
16 601 552 230 7 2 0 4037 0 484 581 
17 409 31 6 0 0 0 1374 0 373 526 
18 529 8 13 0 0 0 3643 3 517 545 
19 — — — — — — — — — — 
20 413 85 27 2 1 0 1 0 493 546 
21 148 2 25 0 3 0 2 0 528 528 
22 1273 98 8 4 0 0 224 6 464 511 
23 — — — — — — — — — a= 
24 172 4 240 0 3 0 0 13 439 442 
25 63 1 7 0 1 0 7 0 572 535 
26 55 4 14 2 4 1 689 0 491 673 
27 321 65 186 13 8 0 0 0 539 506 
28 187 26 238 1 1 0 5 1 621 646 
29 17 5 0 1 0 0 0 0 594 639 
30 290 38 0 0 0 0 3431 0 427 471 
31 67 26 155 2 31 5 1 0 509 583 
32 120 30 3 1 1 0 0 1 504 532 
33 81 58 4 0 0 0 0 0 491 511 
Mean 324 75 281 11 101 1 480 2 514 556 
+ SD 359.9 130.4 756.9 34.9 252.4 2.3 1110.2 3.4 62.0 59.4 
Mean % 82% 96% 99% 99% 
improvement 
<0.001 <0.05 <0.025 <0.025 <0.001 


p = probability; VPDs = ventricular premature depolarizations. 


Navamhaer 1080 The American .lournal of CARDIOLOGY Volume 46 


857 


SUSTAINED RELEASE PROCAINAMIDE—GIARDINA ET AL. 


eo 
e 


-~y 
Cn 


CUMULATIVE % RESPONDING 
c o 





20 "49 ; 869... 1.5 
SR -PA DOSE 


(grams/day) 


FIGURE 1. Cumulative percent of patients who responded to sustained 
release procainamide (SR-PA) with arrhythmic suppression (75 percent 
or more reduction in ventricular premature depolarizations) in relation 
to the effective dosage of the drug. Arrhythmia was suppressed in more 
than half of the patients with dosages of 3 to 4.5 g/day. 


frequency at the conclusion of acute dose-ranging 
ranged from 0 to 552/hour (mean 75 + 130.4) (p <0.001). 
This represented 82 + 24.1 percent improvement for the 
study group. Twenty-five (76 percent) of the 33 patients 
had at least a 75 percent reduction in ventricular pre- 
mature depolarizations/hour (range 75 to 100 percent; 
mean 91 + 8.2); 8 patients had a less than 75 percent 
reduction (Table II). 

Sustained release procainamide was extremely po- 
tent against complex forms of ventricular arrhythmia. 


There was a 96 percent reduction in paired complexes, 
(p <0.05) and a 99 percent reduction in episodes of 
ventricular tachycardia (p «0.025) and in ventricular 
premature depolarizations with the R on T phenome- 
non (p «0.025). 

The average R-V interval of coupled ventricular 
premature depolarizations was determined for each 
patient before and after treatment with sustained re- 
lease procainamide. The mean R-V interval was 514 + 
62.0 ms before treatment and 556 + 59.4 ms after 
treatment (p <0.001). | 

Plasma procainamide and N-acetylprocainamide 
concentrations: The dosage required to produce 75 
percent improvement ranged from 3.0 to 7.5 (4.8 + 1.46) 
g/day. More than one half of the patients responded to 
a dosage of less than 4.5 g/day (Fig. 1). The 25 patients 
who had a 75 percent or greater decrease in frequency 
of ventricular premature depolarizations were candi- 
dates for chronic treatment (see Methods). In 3 of the 
25 patients (Cases 22, 24 and 27) adverse drug effects 
developed just before the start of chronic dosing, 
thereby precluding chronic drug administration. 
Therefore, 22 patients had procainamide and N- 
acetylprocainamide plasma concentrations determined 
(Table III). The mean maximal and minimal plasma 
procainamide concentration during a dosing interval 
under steady state conditions was 10.4 + 6.02 and 6.8 
+ 4.50 ug/ml, respectively. The mean maximal and 
minimal plasma N-acetylprocainamide concentration 
was 12.0 + 7.40 and 8.7 + 5.99 ug/ml, respectively. De- 
spite the relatively long dosing interval of 8 hours, the 


TABLE Ill 
Maximal and Minimal Plasma Procainamide and N-acetylprocainamide Concentrations (ug/ml) in 22 Patients With 
Arrhythmic Suppression* 
ncs t Dues cca ES ER. groom Jason Tcl E PRAT Peto EAS ul LL HACDTTWPOPUR S ee le a a O 
Plasma Plasma 
Procainamide N-acetylprocainamide 
(ug/ml) (ug/ml) 
Dosage 
Case (g/day) Max Min Max Min 
nan E a OE ee SIE NS. cae a WF S S E a d a S L a a E 
1 6.0 11.1 £T 24.8 18.9 
2 3.0 4.1 2.6 15.9 12.0 
4 3.0 2.8 2.0 10.1 8.6 
5 4.5 10.2 6.5 5.1 4.8 
7 7.5 18.8 12.7 10.9 8.6 
8 4.5 10.0 7.2 16.3 13.9 
9 6.0 19.3 12.3 13.9 11.2 
10 4.5 22.5 17.0 23.8 8.0 
11 3.0 5.3 3.4 15.4 13.4 
12 4.5 13.2 7.2 13.2 9.6 
13 4.5 15.8 12.3 11.5 6.3 
14 7.5 20.0 14.9 19.4 15.7 
15 7.5 13.6 3.8 10.1 2.8 
17 6.0 4.5 3.3 6.6 3.9 
18 4.5 4.9 2.6 4.0 1.8 
20 4.5 7.0 1.8 4.1 22 
21 3.0 6.6 4.8 8.7 6.8 
25 4.5 4.0 3.6 7.4 6.9 
26 4.5 8.3 6.3 5.7 5.0 
28 6.0 15.0 9.9 30.1 25.2 
30 3.0 4.9 3.7 3.0 2.1 
32 4.5 6.9 4.8 4.1 3.5 
Mean 4.8 10.4 6.8 12.0 8.7 
+ SD 1.9 6.0 4.5 7.4 6.0 
gu C EORR ie Z2 i CC 


* Reduction of 75 percent or more in ventricular premature depolarizations. 


Max = maximal; min = minimal. 


858 November 1980 The American Journal of CARDIOLOGY Valima AR 


(PA) ug/m! 


FIGURE 2. Time course of (A) plasma procainamide 
(PA) and (B) N-acetylprocainamide (NAPA) (mean + 
standard deviation) in 10 patients who received sus- 
tained release procainamide (SR-PA), in a dosage of 
4.5 g/day. 


mean change in drug concentration was relatively small 
(3.6 + 2.4 ug/ml for procainamide and 3.3 + 3.3 ug/ml 
for N-acetylprocainamide). The procainamide and 
N-acetylprocainamide concentration varied by 43 and 
35 percent, respectively. Thus, administration of sus- 
tained release procainamide results in very stable 
plasma drug concentrations over an 8 hour dosing in- 
terval. 

This study was not designed to evaluate whether 
greater suppression of arrhythmia occurred in patients 
with high N-acetylprocainamide concentrations than 
in those with low concentrations. However, five pa- 
tients had at least 75 percent suppression of arrhythmia 
when taking the minimal drug dosage (3 g/day) allowed 
by the protocol. Four of the five patients had N- 
acetylprocainamide concentrations two to four times 
greater than the procainamide concentrations. The high 
plasma N-acetylprocainamide concentrations in these 
patients raises the question whether N-acetylprocain- 
amide contributed a greater antiarrhythmic effect than 
did procainamide. 

To remove the variance due to different dosages, we 
plotted the mean and standard deviation of plasma 
procainamide and N-acetylprocainamide concentration 


( PA ] ug/mi 
( NAPA | ug/mi 





3.0 4.5 6.0 1,5 3.0 4,5 6.0 r.5 
SR- PA (grams per day ) 
FIGURE 3. Maximal level of (A) plasma procainamide (PA) and (B) 


4 plasma N-acetylprocainamide (NAPA) and daily dosage. Horizontal bars 


designate the mean plasma concentration at the given dosage. 
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SR-PA 4.5 grams / doy SR-PA 4.5 grams/doy 


[NAPA] ug/mi 





TIME IN HOURS 


in 10 patients who had greater than 75 percent reduc- 
tion in ventricular premature depolarization frequency 
and received 4.5 g/day of sustained release procain- 
amide (1.5 g every 8 hours) (Fig. 2). These patients 
represented the largest group who received the same 
dose. The drug concentration during 8 hour dosing in- 
terval was steady with little fluctuation. However, there 
was marked variability in the plasma drug concentra- 
tion. As might be expected, patients who received large 
daily doses of sustained release procainamide generally 
had higher procainamide and N-acetylprocainamide 
plasma concentrations than did those receiving small 
daily doses (Fig. 3). However, even after dosage and 
body weight were considered, there still was substantial 
variability in plasma drug concentration. 

Adverse effects and outcome: Seventeen patients 
(52 percent) manifested adverse drug effects (Table IV, 
Fig. 4). In nine patients these effects occurred during 
the acute dose-ranging protocol and in eight during 
chronic dosing. 

The relation between the development of adverse 
effects from procainamide and slow acetylation phe- 
notype has been raised by several investigators.’9 One 
method’ of determining acetylation phenotype uses the 


NUMBER OF PATIENTS 


0 | ae, 4459 ^ TP EE 
TIME AFTER SR-PA (months) 


FIGURE 4. Cumulative number of patients who manifested adverse 
effects after receiving sustained release procainamide (SR-PA). Fifteen 
patients had adverse effects within the 1st week of the acute dose- 
ranging protocol and 2 and 7 months, respectively, after the start of 
chronic administration in two patients. 
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TABLE IV 


Adverse Effects, Duration of Treatment With Sustained Release Procainamide and Result of Antinuclear Antibody 


Test After Treatment 


a 


Antinuclear 
Antibody 
Test 
Nature of Duration of After 
Case Adverse Effect Treatment Treatment 

1 Hypotension 5 days Negative 

3 Nausea, anorexia 3 days Positive (1:20) 

6 Nausea, dizziness 3 days Positive (1:20) 

8 Nausea, anorexia, headache 6 days Positive (1:20) 

9 Arthritis, + LE cell 7 months Positive (1:20) 
13 Rash 5 days Negative 
14 Nausea, vomiting 5 days Negative 
18 Headache, insomnia 2 months Negative 
19 Nausea, insomnia 4 days Negative 
22 Dizziness, headache 2 days Negative 
23 Nausea, ataxia 4 days Negative 
24 Dizziness, hallucinations 2 days Negative 
27 Weakness, fatigue, fever 2 days Negative 
28 Nausea, vomiting 5 days Negative 

29 Anorexia 5 days Positive (1:20) 

31 Anorexia, nausea, vomiting 2 days T 
33 Nausea, insomnia, fever 3 days Positive (1:20) 
——————————MÁÉÓÁÁÉÁÉÓÁÉÁ——— Mee MM e LL Posve (1:20) O 


LE — lupus erythematosus. 


plasma N-acetylprocainamide/procainamide ratio in 
a plasma sample drawn 1.5 to 3 hours after a dose of 
procainamide. With this method, fast acetylators have 
a greater N-acetylprocainamide/procainamide ratio 
(greater then 0.95) than do slow acetylators (less than 
0.85). Patients with a ratio between 0.85 and 0.95 have 
an indeterminate phenotype. 

To observe the relation between acetylation phe- 
notype and adverse effects and antinuclear antibody 
conversion, we determined acetylation phenotype using 
the plasma method.’ Nine patients had antinuclear 
antibody conversion from negative to positive (Table 
II). Six patients had both adverse effects and a positive 
antinuclear antibody test. Their plasma N-acetylpro- 
cainamide/procainamide ratio ranged from 0.4 to 3.3 
(mean 1.5 + 1.31). Two patients had an N-acetylpro- 
cainamide:procainamide ratio of less than 0.85, indi- 
cating slow acetylation phenotype; two had a ratio of 
more than 0.95, indicating fast acetylation phenotype; 
one had a ratio of 0.88; and one had no plasma samples 
collected and, therefore, could not be classified. Three 
patients had no adverse effects but had antinuclear 
antibody conversion from negative to positive. The 
N-acetylprocainamide/procainamide ratio ranged from 
0.5 to 3.5 (mean 1.5 + 1.69) in this group. Two had an 
N-acetylprocainamide/procainamide ratio of less than 
0.85, indicating slow acetylation phenotype and one had 
a ratio of more than 0.95, indicating fast acetylation 
phenotype. Our assessment of whether adverse effects 
and antinuclear antibody conversion are more frequent 
in slow than in fast acetylators after administration of 
sustained release procainamide was limited by the small 
number of patients who had adverse effects and a pos- 
itive antinuclear antibody test and the variation in 
acetylation phenotype within the group. 


Several subjects who had early adverse effects had 
high plasma procainamide and N-acetylprocainamide 
concentrations (Table III). The mean peak plasma 
procainamide and N-acetylprocainamide concentra- 
tions in patients who had adverse effects were 13.7 + 5.4 
and 17.1 + 8.6 ug/ml, respectively; in patients who did 
not have adverse effects the values were 8.8 + 5.8 and 
9.6 + 5.6 ug/ml. The mean dosage for the patients with 
and without adverse effects did not differ (4.7 + 1.7 
versus 4.5 + 1.5 g/day). 

Nature of adverse effects: Symptoms that neces- 
sitated withdrawal from the protocol were uncomfort- 
able and annoying, but generally disappeared within 8 
to 24 hours after drug administration was discontinued. 
Gastrointestinal complaints occurred in 10 patients, 
neurologic disturbances in 8, weakness or fatigue in 2, 
drug-induced fever in 2, rash in 1 and postural hypo- 
tension in 1. In one patient (Case 9) the procainamide- 
induced systemic lupus erythematosus-like syndrome 
developed. This patient was discharged taking 6 g/day 
and after 7 months had migratory arthralgias and a 
positive (1:20) antinuclear antibody test and lupus er- 
ythematosus cell preparation. Symptoms, antinuclear 
antibody test and lupus erythematosus cell preparation 
returned to normal 1 month after discontinuation of the 
drug administration. This patient had taken three other 
antiarrhythmic drugs in the past, but had adverse ef- 
fects from each of them as well. Quinidine had caused 
thrombocytopenia requiring three blood transfusions; 
he became agitated with imipramine and depressed with 
propranolol. 


Discussion 


Variation in plasma blood levels: The relatively 
short half-life of elimination of conventional procain- « 
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amide (3 to 6 hours) requires frequent dosing to main- 
tain plasma procainamide and N-acetylprocainamide 
concentrations within the therapeutic plasma drug 
concentration range.?? To circumvent this limitation 
of an otherwise effective antiarrhythmic agent, a new 
sustained release formulation of procainamide has been 
developed. Because this formulation prolongs the rate 
of absorption of procainamide, plasma drug concen- 
trations tend to fluctuate less over the dosing in- 
terval. 

There are reports on the kinetics of two other pro- 
cainamide preparations that prolong absorption and are 
available in Europe.!9-!? Both of these other two slow- 
release formulations have been reported to produce 
fewer daily fluctuations than those produced by con- 
ventional procainamide. In this study, we evaluated the 
sustained release procainamide formulation prepared 
by the Squibb Institute for Medical Research. No other 
studies of this new formulation are now available in the 
United States. The difference between the mean max- 
imal and minimal procainamide concentrations was 3.6 
+ 2.4 ug/ml and between the mean maximal and mini- 
mal N-acetylprocainamide concentration was 3.3 + 3.3 
ug/ml. Thus, the variation in plasma drug concentration 
with this new formulation is slight during an 8 hour 
dosing interval. There was wide variability in plasma 
procainamide and N-acetylprocainamide concentra- 
tions among the patients studied. Different rates of 
gastrointestinal absorption of the sustained release 
preparation, variable rates and extent of metabolism 
of procainamide to N-acetylprocainamide, diminished 
renal function or an altered volume of distribution in 
patients with heart disease could account for the vari- 
ability observed. Further studies are indicated in order 
to evaluate which of these factors are most impor- 
tant. 

Many patients who had early adverse drug effects had 
high plasma procainamide and N-acetylprocainamide 
concentrations. If drug concentrations can be deter- 
mined in patients who are likely to attain such high 
levels, it is possible that adverse effects will be mini- 
mized. Patients with severe heart failure and those with 
decreased renal function are likely to achieve higher 
plasma concentrations than normal subjects. Such pa- 
tients will probably reach effective plasma drug con- 
centrations with smaller doses and maintain effective 
concentrations with longer dosing intervals (every 12 
hours). 

Antiarrhythmic efficacy: Sustained release pro- 
cainamide is an effective antiarrhythmic agent as evi- 
denced by greater than 90 percent suppression of ven- 
tricular premature depolarizations in 76 percent of 
patients. Moreover, this agent is very potent against 
complex forms of ventricular arrhythmia (paired com- 
plexes, ventricular tachycardia and ventricular pre- 
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mature depolarizations with the R on T phenomenon). 
Giardina and Bigger!? showed that procainamide in- 
creases the R-V interval of coupled ventricular pre- 
mature depolarizations as it decreases their frequency. 
They postulated that prolongation of the coupling in- 
terval accounts for the mechanism of action of pro- 
cainamide against reentrant arrhythmia; that is, pro- 
cainamide further depresses conduction in the reentrant 
loop. The striking increase in the R-V interval and the 
decrease in R on T ventricular premature depolariza- 
tions seen in our study with sustained release procain- 
amide reaffirms the observation made with procain- 
amide in 1973. 

Early and late adverse effects: A total of 15 pa- 
tients (45 percent) had adverse effects during the Ist 
week of the study. Only two patients followed up during 
the chronic dosing protocol had late adverse effects—at 
2 and 7 months, respectively. These results contrast 
with the report of Kosowsky et al.,!4 who followed up 39 
patients taking conventional procainamide for pro- 
phylaxis against arrhythmia after acute myocardial 
infarction. In that study, 9 (23 percent) of 39 patients 
had early adverse effects (within 3 weeks) and 14 (87 
percent) of 16 patients had late adverse effects. In our 
study, 45 percent of the patients had early adverse ef- 
fects whereas only 12 percent (2 of 17) of patients fol- 
lowed up for 1 month to 1 year had late adverse effects. 
Thus, it is possible that the incidence of late adverse 
effects with sustained release procainamide differs from 
that of conventional procainamide. We do not know 
whether more patients would have had adverse effects 
if they had been followed up for more than 1 year. 

Therapeutic implications: Our results indicate that 
sustained release procainamide is a potent antiar- 
rhythmic agent. This is noteworthy because 55 percent 
of the patients had had no suppression of arrhythmia 
with other antiarrhythmic drugs. Most of the adverse 
effects appeared early and there was a relation between 
high procainamide and N-acetylprocainamide plasma 
concentrations and untoward drug effects. If adverse 
effects can be limited during acute dose-ranging, the 
effectiveness of sustained release procainamide in 
suppressing ventricular arrhythmia, particularly ven- 
tricular premature depolarizations with complex fea- 
tures, should make it a useful antiarrhythmic agent. In 
addition, the steady plasma drug concentrations at- 
tained with the new formulation allow a longer dosing 
interval, which is a significant improvement over con- 
ventional procainamide. 
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The digoxin-quinidine interaction was studied in nine healthy human 
subjects aged 26 to 31 years. A single oral dose (400 mg) of quinidine 
sulfate administered to subjects taking digoxin resulted in a mean (+ 
standard error of the mean) increase within 1 to 6 hours in the serum di- 
goxin concentration of 0.12 + 0.01 ng/ml (p <0.0001), an increase of 21 
percent. Continued quinidine administration for 24 hours resulted in a 59 
percent increase in the mean serum digoxin concentration from 0.68 E 
0.04 to 1.04 + 0.06 ng/ml (alpha = 0.05). At the same time, however, 
systolic time intervals demonstrated a lengthening of the mean left ven- 
tricular ejection time index from 406 + 4 to 419 + 2 ms (alpha = 0.05) 
and the mean Q-S, index from 524 + 6 to 532 + 7 ms (difference not 
significant [NS]). When compared with the shortening of these intervals 
predicted from the digoxin dose-response curve if digoxin were the only 
variable, the lengthening actually observed for both intervals was highly 
significant. The negative inotropic effect of quinidine administration alone 
was assessed with systolic time intervals in four subjects. The left ven- 
tricular ejection time index lengthened from 419 + 3 to 425 + 6 ms (NS) 
and the Q-S; index from 541 + 6 to 550 + 7 ms (NS). Therefore, the 
lengthening of these intervals in subjects taking digitalis after the addition 
of quinidine represents more than just the negative inotropic effect of 
quinidine, and occurs despite the increase in serum digoxin concentra- 
tion. 

The results of this study support the view that quinidine displaces di- 
goxin from tissue-binding sites as a major mechanism of the interaction. 
Furthermore, it appears that quinidine may specifically displace digoxin 
from cardiac-binding sites. These results raise important questions con- 
cerning the recommendation to reduce the maintenance digoxin dose 
when concomitant quinidine therapy is initiated. 


Since 1977, many reports!-? have documented that in patients taking 
digoxin the serum concentration of this agent increases when quinidine 
is added to the regimen. In a recent editorial review on the subject, 
Bigger? emphasized that several important questions remain unan- 
swered. First, what is the early time course of the digoxin-quinidine in- 
teraction? Several reports?! have suggested that the increase in the 
serum digoxin concentration begins on the 1st day of quinidine admin- 
istration and rises to a new steady state level in about 5 days. However, 
the precise effect of quinidine on digoxin levels during the first 24 hours 
of quinidine administration remains undefined. 

Second, is there an inotropic concomitant of the increased serum di- 
goxin concentration that results from the addition of quinidine to the 
therapeutic regimen? There have been reports? that subjective adverse 
gastrointestinal symptoms (nausea, vomiting and anorexia) occur in 
association with the increase in serum digoxin concentrations resulting 
from simultaneous quinidine administration. There has also been some 
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effort to correlate the fluctuations in serum digoxin 
concentrations under these circumstances with 
changing electrocardiographic patterns and cardiac 
rhythms.!? However, although some effort has been 
made to examine objective signs suggesting increased 
digoxin effects on the heart, very few systematic studies 
of this issue have been made in a prospective fashion. 
There are at least several theoretical reasons why one 
might not necessarily expect an increase in serum di- 
goxin concentration resulting from a digoxin-quinidine 
interaction to reflect itself in an enhanced cardiac di- 
goxin effect. These reservations were well outlined by 
Bigger.? 

Therefore, we undertook this study (1) to investigate 
the early time course of the digoxin-quinidine interac- 
tion, and (2) to document in prospective fashion any 
inotropic influence of the digoxin-quinidine interaction. 
Additionally, we hoped that answers to these two 
questions might shed further light on the mechanism 
of this interaction. 


Methods 


Subjects: Nine healthy volunteers (including eight house 
staff physicians), six men and three women aged 26 to 31 years, 
gave written informed consent for participation in this study. 
The subjects were instructed to not take any prescribed or 
over-the-counter medications and to refrain from any alcohol 
consumption during the study. Two of the women continued 
to take oral contraceptive agents. No subject was a cigarette 
smoker. Each underwent a normal baseline physical exami- 
nation, complete blood count, blood chemistry determinations 
and electrocardiogram. 

Procedure: The subjects took digoxin (Lanoxin$, Bur- 
roughs Wellcome), 0.25 mg orally, at 10 p.m. for 7 days. On day 
7, each took quinidine sulfate, 400 mg orally, at 8 a.m. Seven 
subjects completed the next portion of the protocol by taking 
quinidine sulfate, 400 mg every 6 hours, for a total of four 
doses (day 7). The study was terminated in two who did not 
complete the regimen because of nausea and lightheadedness 
after the first dose of quinidine. 

On day 1, systolic time intervals were recorded at 8 a.m. On 
day 6, systolic time intervals were recorded at 8 a.m., and the 
serum digoxin concentration was determined at this time and 
at 9 a.m., 10 a.m., 12 noon and 2 p.m. On day 7, quinidine 
sulfate was taken after serum digoxin concentration was 
measured at 8 a.m. Then at 9 a.m., 10 a.m., 12 noon and 2 p.m. 
both serum digoxin and quinidine concentrations were mea- 
sured. At 8 a.m. on day 8, systolic time intervals were recorded 
and serum digoxin and quinidine concentrations measured. 
Twelve lead electrocardiograms were taken on days 6 and 8 
to exclude arrhythmia and assure safe QRS and Q-T inter- 
vals. 

After 1 week without any medications, four of the subjects 
volunteered to take quinidine sulfate, 400 mg orally, every 6 
hours for a total of four doses, starting at 8 a.m. Systolic time 
intervals were recorded at 8 a.m. immediately before and again 
at 8 a.m. immediately after the 24 hours of quinidine admin- 
istration. 

Systolic time intervals: An Irex Continutrace 101 Re- 
corder was used to simultaneously record the phonocardio- 
gram, a lead II electrocardiogram and an indirect carotid pulse 
tracing at a paper speed of 100 mm/s. The left ventricular 
ejection time (LVET) was measured from the point of initial 
rapid upstroke of the carotid pulse tracing to the dicrotic 


notch. The Q-S» interval was measured from the beginning 
of the first deflection of the QRS complex to the initial high 
frequency component of the second heart sound. The latter 
was obtained with an appropriate frequency filter in the aortic 
region. The LVET and Q-S» intervals were indexed for heart 
rate based on the formulas of Weissler et 21.11.12: LVET index 
= LVET + 0.0016 X (heart rate); Q-S? index = Q-S» + 0.002 
X (heart rate). Systolic time intervals were measured in a blind 
fashion without knowledge of the patient's drug regimen by 
one of us (P.H.). There were no significant differences in 
measurements by an independent blinded observer who re- 
viewed random tracings. 

Laboratory techniques: Serum digoxin concentrations 
were determined with Corning's ImmoPhase Digoxin 125] 
Radioimmunoassay Test System (Medfield, Massachusetts). 
Serum quinidine concentrations were determined with the 
fluorometric method of Brodie and Udenfriend.!? 

Statistical analysis: A single factor repeated measures. 
analysis of variance!4 was used to test for a difference in serum 
digoxin concentrations at 8 a.m. on days 6, 7, and 8. With es- 
tablishment of a significant day effect (p <0.0001), specific 
comparisons were performed using the Newman-Keuls mul- 
tiple comparison procedure" testing the difference among the 
three serum digoxin concentrations at the alpha = 0.05 level. 
An analysis of variance with repeated measures on two fac- 
tors!? (day and time of day) was used to test for a day differ- 
ence between the serum digoxin concentrations obtained at 
8, 9 and 10 a.m., 12 noon and 2 p.m. on days 6 and 7. 

The Q-S» index and left ventricular ejection time index were 
tested for differences among treatment conditions (baseline, 
digoxin, digoxin plus quinidine and quinidine alone) by the 
single factor repeated measures analysis of variance procedure. 
After a significant treatment effect for both intervals was es- 
tablished (p «0.001), the Newman-Keuls multiple comparison 
procedure was used to test the differences for each of the in- 
tervals among the various treatment conditions at the alpha 
= 0.05 significance level. All data are given as the group mean 
+ standard error of the mean. 


Results 


Subjects were studied under four conditions: (1) 
baseline, (2) digoxin alone, (3) digoxin plus quinidine, 
and (4) quindine alone. Under each of these experi- 
mental conditions, two variables were measured: (1) 
serum digoxin concentrations, and (2) systolic time in- 
tervals. The systolic time intervals obtained in the 
baseline condition in this study yielded a mean left 
ventricular ejection time index and mean Q-S» index 
that were almost identical to those reported by other 
investigators!6.!7 in healthy human subjects of similar 
age, thus suggesting satisfactory reproducibility. 

Effects of digoxin alone: All nine subjects took 
maintenance oral doses of digoxin for 7 days. By day 6, 
a steady state with respect to digoxin had been achieved 
as evidenced by the lack of significant difference be- 
tween the mean serum digoxin concentrations obtained 
at 8 a.m. on days 6 and 7 (0.63 + 0.07 and 0.68 + 0.04 
ng/ml, respectively) (Fig. 1). Comparison of systolic time 
intervals obtained on day 6 of digoxin administration 
with those obtained in the baseline state revealed a 
significant reduction (alpha = 0.05) in the mean left 
ventricular ejection time index from 419 + 3 to 406 + 
4 ms (Fig. 2) and mean Q-S; index from 541 + 6 to 524 
+ 6 ms (Fig. 3). 
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Effects of digoxin plus quinidine: After the first 
dose of oral quinidine sulfate, there was a small but 
significant increase in the serum digoxin concentrations 
(p <0.0001) over the ensuing 1 to 6 hours compared with 
control values obtained on the previous day (Fig. 1). The 
mean peak serum quinidine level after the single 400 mg 
dose was 2.8 + 0.34 mg/liter. 

After a total of four doses of quinidine over a 24 hour 
interval during continued maintenance digoxin ad- 
ministration, there was an increase in the mean serum 
digoxin concentration obtained at 8 a.m. on day 8 to 1.04 
+ 0.06 ng/ml, a 59 percent increase over that of the day 


before quinidine administration (alpha = 0.05). The 


mean serum quinidine level at that time was 3.9 + 0.25 
mg/liter. 

Systolic time intervals measured at the same time 
(8 a.m., day 8) when compared with those measured 
during administration of digoxin alone revealed a 
lengthening of the mean left ventricular ejection time 
index from 406 + 4 to 419 + 2 ms (Fig. 2) and the mean 
Q-S» index from 524 + 6 to 532 + 7 ms (Fig. 3). At the 
alpha = 0.05 level, this lengthening was significant for 
the former but not for the latter index. 

Effects of quinidine alone: When quinidine was 
readministered in the same dosages for 24 hours to four 
subjects after 1 week without any medication, there was 


a small but not statistically significant lengthening of. 


the mean left ventricular ejection time index from 419 
+ 3 to 425 + 6 ms (Fig. 2) and of the mean Q-S» index 
from 541 + 6 to 550 + 7 ms (Fig. 3) compared with 
baseline values. | 


Discussion 


Several investigators'?:4-96 reported almost simulta- 
neously in 1977 and 1978 a similar observation made in 
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FIGURE 2. Mean (+ standard error of the mean) left ventricular ejection 
time index (LVETI) measured in milliseconds under four conditions. 
Values marked with a double dagger (1) are similar to each other, but 
statistically different from that marked with an asterisk (*) (alpha — 
0.05). B = baseline; D = steady state digoxin; D + Q = steady state 
. digoxin plus 24 hours of quinidine; Q — 24 hours of quinidine alone. 
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FIGURE 1. Mean (+ standard error of the mean) serum digoxin con- 
centrations for nine subjects before (DAY 6) and after (DAY 7) admin- 
istration of quinidine sulfate, 400 mg orally, given at 8 a.m. (0800) on 
day 7. The 8 a.m. values are not statistically different, indicating a steady 
state for serum digoxin concentration. Curves for days 6 and 7 are 
different (p <0.0001). 


their independent laboratories. They each noted that 
when quinidine was given to patients on a long-term 
stable digoxin regimen, the serum digoxin concentration 
increased significantly. We undertook this study to 
determine the answers to two still unresolved questions 
concerning the digoxin-quinidine interaction. 

1. What is the early time course of the digoxin- 
quinidine interaction?: When steady state serum di- 
goxin concentrations were reached after 6 days of 
maintenance digoxin administration, we found that a 
single dose of quinidine sulfate increased the mean 
serum digoxin concentration over the next 1 to 6 hours 
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FIGURE 3. Mean (+ standard error of the mean) Q-S2 index measured 
in milliseconds under four conditions. Values marked with a double 
dagger (1) are similar to each other. Values marked with an asterisk 
(*) are similar to each other. t and * values are different at the alpha 
— 0.05 level. Abbreviations as in Figure 2. 
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slightly but significantly when compared with control 
values obtained with digoxin alone (p <0.0001). After 
continued quinidine and digoxin administration, the 
mean serum digoxin concentration continued to in- 
crease to 59 percent above the steady state control value 
obtained before quinidine administration (alpha = 
0.05). 

2. Is there any inotropic effect of the increase in 
serum digoxin concentration that results from the 
digoxin-quinidine interaction?: We used systolic time 
intervals to assess changes in the inotropic state of the 
heart. Weissler and his co-workers!®!8 demonstrated 
the usefulness of systolic time intervals as a method for 
providing a quantitative measure of the inotropic effect 
of digitalis glycosides in normal subjects. These inves- 
tigators concluded that the Q-S5 index is the most 
sensitive of the systolic time intervals in this regard 
because it incorporates the shortening effect of digitalis 
on both the left ventricular preejection period and 
ejection time. The Q-S» index is a measure of the total 
time of electromechanical systole normalized for heart 
rate. The left ventricular ejection time index is also 
useful because it is an expression of the duration of 
ventricular ejection normalized for heart rate. After 
digitalis administration to normal subjects, there is a 
shortening of this index, reflecting the enhanced mean 
rate of left ventricular ejection due to digitalis. Although 
other systolic time intervals may have also proved 
useful, we selected the Q-S» index and left ventricular 
ejection time index for evaluation on the basis of the 
results of these studies. We confirmed the findings of 
Weissler and his collaborators in that the inotropic ef- 
fect of digoxin was reflected by a significant shortening 
of both these systolic time intervals. 

As shown by Hoeschen and Cuddy,!? who used sys- 
tolic time intervals to study the digoxin dose-response 
curve in healthy human subjects, the serum digoxin 
concentrations obtained with digitalization in our study 
were well within the steep portion of the dose-response 
curve. If digoxin were the only variable, the observed 
increase in the mean serum digoxin concentration from 
0.68 + 0.04 to 1.04 + 0.06 ng/ml would have been ex- 
pected to result in a further significant increase in the 
inotropic state of the heart as reflected by shortening 
of the Q-S» and left ventricular ejection time indexes. 
However, despite this 59 percent increase in the mean 
serum digoxin concentration after 24 hours of quinidine 
administration to subjects taking digoxin, the systolic 
time intervals documented a reduction from the pre- 
viously enhanced inotropic state of the heart. 

Is this merely a reflection of the primary negative 
inotropic effect of quinidine? Our results suggest it is 
more than this. As a control, we measured the effect of 
24 hours of quinidine administration alone on the sys- 
tolic time intervals. There was a small but not statisti- 
cally significant lengthening of the mean Q-S» and mean 
left ventricular ejection time indexes over baseline 
values, reflecting a small negative inotropic effect of 
quinidine in healthy human subjects. However, when 
quinidine was added to digoxin there was a marked 


lengthening of these systolic time intervals compared 
with the values that would have been predicted on the 
basis of the digoxin dose-response curve. This finding 
suggests a secondary reduction in the inotropic effect 
of digoxin in the presence of quinidine, in addition tc 
a primary reduction in the inotropic state due to quin- 
idine itself. It could still be argued that quinidine might 
simply exert a greater negative inotropic effect on the 
digitalized myocardium than on the nondigitalized 
myocardium. This explanation is unlikely, but it has not 
been excluded by our study. 

Mechanism of the interaction: The mechanism of 
the digoxin-quinidine interaction remains in dispute. 
It has been suggested that several mechanisms may be 
operative. Leahey et al.? and Ejvinsson postulated that 
quinidine displaced digoxin from tissue-binding sites. 
In support of this theory, Straub et al.?? reported that 
high concentrations of quinidine displaced digoxin from 
beef heart adenosine triphosphatase preparations. 
However, Doering? found no evidence that quinidine 
displaced digoxin from the sarcolemmal fraction of lamb 
myocardium. More recently, Doherty et al.?! presented 
further data to confirm the tissue displacement hy- 
pothesis. After the administration of quinidine to dig- 
italized dogs, these investigators observed a 20 to 25 
percent reduction in tritiated digoxin content of heart 
and skeletal muscle, with a greater than 50 percent in- 
crease in brain content of digoxin. Quinidine, therefore, 
resulted in redistribution of digoxin in major tissue 
depots. 

Hager et al.?? presented additional pharmacokinetic 
data to support the notion of displacement. Their data 
suggest a decrease in the volume of distribution for di- 
goxin as a result of quinidine administration. Because 
clearance = (volume of distribution) X (rate constant 
of elimination), a reduction in the volume of distribution 
of digoxin after quinidine administration implies a re- 
duction in clearance of digoxin at the same time. Several 
reports??2223 have indeed shown a reduced renal 
clearance of digoxin after quinidine administration. If 
administration of quinidine does lead to a diminution 
in the volume of distribution for digoxin, it may well be 
as a result of displacement of digoxin from tissue- 
binding sites. Our results tend to support the theory 
that quinidine displaces digoxin from tissue-binding 
sites and, more specifically, displaces it from cardiac- 
binding sites. 

To add to the confusion, Chen and Friedman? re- 
cently presented an abstract of their findings in human 
subjects. They concluded that enhanced gastrointesti- 
nal absorption of digoxin occurs when oral digoxin is 
administered simultaneously with oral quinidine. We 
observed in our investigation a significant increase in 
serum digoxin concentrations within 1 to 6 hours after 
a single oral quinidine dose that was administered fully 
10 hours after the last digoxin dose had been given. Four 
doses of quinidine were given over a 24 hour period in 
our study—2, 4, 8 and 10 hours, respectively, from the 
nearest digoxin dose—during which time the serum 
digoxin concentration increased by 59 percent. We be- 
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lieve that enhanced gastrointestinal absorption is highly 
unlikely to be a significant contributing factor to our 
results. 

Therapeutic implications: Recently, investigators®” 
have recommended decreasing the maintenance digoxin 
dose by one-half when instituting simultaneous quini- 
dine therapy. This recommendation is based on scanty 
objective data and is primarily the result of a theoretical 
concern over the increase in the serum digoxin con- 
centration. Smith and co-workers?°-?’ showed a corre- 
lation between serum digoxin concentration and digi- 
talis intoxication, but their studies also demonstrated 
a fair degree of overlap of serum digoxin concentrations 
in patients with and without clinical toxicity. Ingelfinger 
and Goldman?’ pointed out in 1976 that the usefulness 
of the serum digoxin concentration as a test for digitalis 
toxicity had not been established. Lasagna?? further 
argued that the serum digoxin concentration may not 
at all times and in all situations, even within the same 
subject, match the concentration of the drug at the re- 
ceptor site of interest. This effect is most apparent 
clinically when digoxin-specific antibodies are used to 
treat digoxin toxicity. Despite huge increases in the 
serum digoxin concentration after administration of 
Fab fragments, the myocardial concentration and ef- 
fects of digoxin are reduced.?? If the digoxin dosage is 
decreased when quinidine is added to a patient's regi- 
men, the reduced inotropic effect of digoxin demon- 
strated in our study will be attenuated even further. 

There are three possible alternative relations of the 
inotropic and toxic effects of digoxin. First, if the 
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mechanism of digoxin cardiac toxicity is unrelated to 
the mechanism of its inotropic effect, then the recom- 
mendation to decrease the digoxin dose when quinidine 
therapy is added may still be indicated in order to avoid 
toxicity. However, if the toxic and inotropic effects are 
primarily related, then an increase in the digoxin dose 
would be more appropriate to compensate for the loss 
of inotropic effect due to quinidine, despite the further 
increase in serum digoxin concentration that would 
accrue. The third alternative is that some of the toxic 
effects of digoxin are extracardiac in origin (for example, 
central nervous system-related), whereas other toxic 
effects are of the same mechanism as the inotropic ef- 
fects. This alternative would create a therapeutic di- 
lemma. To clarify these issues, further research in a 
double blind prospective fashion is needed to determine 
if the increase in serum digoxin concentration resulting 
from the digoxin-quinidine interaction is associated 
with an increased or decreased risk of digitalis tox- 
icity. 
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Real time two dimensional echocardiographic findings in four patients 
with a pathologically proved left ventricular pseudoaneurysm were 
compared with those in seven patients with a similarly proved true an- 
eurysm of the left ventricle. Pseudoaneurysms produced a bounded 
echo-free space with a narrow neck that communicated with the left 
ventricular cavity. The maximal internal width of this neck (Omax) was 
much smaller than the maximal parallel internal diameter (Dmax) of the 
aneurysmal sac, and the ratio Omax/Dmax never exceeded 0.5. In all cases 
the pseudoaneurysm could be seen extending behind the intact portion 
of the involved left ventricular wall, and this finding produced a charac- 
teristic beak-like configuration in the studies of two patients. In contrast, 
true aneurysm resulted in local bulging and dilatation of the left ventricular 
wall so that the maximal internal width of the mouth (Omax) was nearly 
equal to, or actually represented, the maximal internal diameter (Dmax) 
of the aneurysm so that the ratio Omax/Dmax ranged from 0.9 to 1.0. Our 
preliminary study indicates that real time two dimensional echocardiog- 
raphy is useful in differentiating pseudoaneurysm from true aneurysm of 
the left ventricle. 


Unlike true aneurysms, pseudoaneurysms of the left ventricle commonly 
rupture, leading to sudden death.!:? This complication can be success- 
fully prevented by surgical repair.*:4 Therefore, early recognition of a 
left ventricular pseudoaneurysm and differentiation from a true aneu- 
rysm is important. Unfortunately, because the clinical presentation of 
true and false aneurysm are similar, distinguishing between them has 
previously required cardiac catheterization and contrast cineangiogra- 
phy.!:4° Although the potential diagnostic usefulness of real time two 
dimensional echocardiography has been reported in patients with true®’ 
and false?-!? aneurysm of the left ventricle, there is a need for a com- 
parative study using this technique to differentiate such patients. In this 
study we describe the two dimensional echocardiographic findings in 
four patients with pathologically confirmed pseudoaneurysm!^!? and 
compare these findings with those in seven patients with a similarly 
proved true aneurysm of the left ventricle. 


Methods 


Patients: The 11 patients studied represented all adult patients with left 
ventricular aneurysm seen in our institution over a period of 18 months who had 
adequate two dimensional and M mode echocardiographic studies as well as 
pathologic confirmation of the nature of their aneurysm. The patients were 
separated into two groups on the basis of the pathologic nature of their aneu- 
rysms. Group I (Cases 1 to 4) consisted of patients with a pseudoaneurysm and 
Group II (Cases 5 to 11) of patients with a true aneurysm of the left ventricle 
(Table I). The pathologic criteria used for the diagnosis of a pseudoaneurysm 
were, on gross examination, the presence of a relatively small opening in the left 
ventricular wall providing a communication between the left ventricle and a large 
aneurysmal sac (Fig. 1À) and, on microscopic study, the absence of myocardial 
cells and coronary arteries within the fibrous walls of the aneurysm.?? In con- 
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trast, the pathologic diagnosis of a true aneurysm was based 
on finding a wide-rhouthed local bulging of the left ventricular 
wall (Fig. 1B) as well as the gradual transition from relatively 
normal myocardium to the thinner fibrous wall of the aneu- 
rysm, which retained some myocardial muscle cells and cor- 
onary arteries.?.1? 

Cardiac catheterization: Two patients (Cases 9 and 11) 
were critically ill when they first presented to the hospital and 
died before any invasive diagnostic procedure could be per- 
formed. The remaining nine patients underwent contrast left 
ventriculography and selective coronary cineangiography 
using the Judkins technique. Single plane left ventriculograms 
were taken in the right anterior oblique projection alone or 
with the left anterior oblique or lateral projection. The left 
ventriculogram was considered diagnostic of a pseudoaneu- 
rysm if an aneurysmal sac communicated with the left ven- 
tricular cavity by a narrow ostium.!4 In contrast, akinetic or 


TABLE | 
Clinical, Laboratory and Cardiac Catheterization Findings 


dyskinetic wall motion accompanied by wall shape deformit 
resulting in a relatively wide-mouthed local bulging of th 
ventricular wall defined a true aneurysm of the left ventricle. 
Selective coronary angiograms from multiple views were als 
obtained. 

Echocardiographic studies: Real time two dimension: 
echocardiograms were performed in all patients using eithe 
a commercially available Picker (45 to 60°) or Advance 
Technology Laboratory Mark III wide angle (90°) mechanic: 
sector scanner and recorded on a Sanyo videotape cassetti 
The studies were performed using the standard transduce 
positions with the patient supine and in the left lateral de 
cubitus position.!6-1? In some patients tilting or pivoting « 
the transducer, or both, was necessary to effect oblique view 
through the left ventricle in order to visualize optimally th 
extent of the aneurysm and its mouth or neck. Sweeps acros 
multiple plane orientations with variations in gain and rejec 
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Age (yr) 


Case & Sex Symptoms Cardiac Findings 


Electrocardiogram 


Chest X-Ray 


Film Cardiac Catheterization 


Group | (pseudoaneurysm) 


1 77F Angina PMI laterally displaced; 
palpable S4; gr Il/VI 
SEM; 

? pleuroperi- 
cardial rub 

PMI laterally displaced; 
palpable S4; left 
parasternal impulse 
epigastric pulsation; gr 
I/VI early SEM 


VPCs 


VPCs 


Old ASMI; 


Small Q waves (<0.04 s); Cardiomegaly 
S-T? in leads II, IIl, aVF; 


Cardiomegaly Apical LV 
pseudoaneurysm; 100% 


occluded LAD 


Posterior LV 
pseudoaneurysm; grade 
2/4 mitral regurgitation; 
100% occluded RCA 


3 
4 


38M Angina 
64M  Embolic CVA 


PMI laterally displaced; 
S 


4 
PMI laterally displaced; 
S3 and S4 


Old DMI with persistent 
S-TÎ and T}; old ASMI 

Old DMI with persistent 
S-TÎ; frequent VPCs 


Cardiomegaly 


Cardiomegaly 


Apical LV true aneurysm; 
severe 3-vessel CAD 

Posterior LV aneurysm 
(true vs. false?); 10096 
occluded RCA; 85 96 


occluded LAD 
———————— e ÀPÀ Side LEE RE gk erii Pa A MM EIE ooo 


5 52F CHF PMI laterally displaced; 
S3 and S, 
6 52M CHF; chest pain PMI laterally displaced; 
MPP 
7 57M CHF; embolic PMI MCL 4th ICS; MPP: 
CVA 83; gr II/VI SEM 
8 54M CHF; angina PMI laterally displaced 
9 69M CHF PMI laterally displaced; 
MPP; S3; ? pleuro- 
pericardial rub 
10 29M CHF PMI laterally displaced; 
MPP 
11 61M CHF PMI laterally displaced; 


ASMI = anteroseptal myocardial infarction; CAD = coronary artery disease; CHF 
— diaphragmatic (inferior) myocardial infarction; gr — 
LV = left ventricular; MCL = mid clavicular line; MPP = medial paradoxical pulsati 
SEM = systolic ejection murmur; S-T1 = S-T segment elevation; T| — T wave inversion; VPC 


c/w = compatible with; DMI 


tachycardia. 


870 


S3 and S4; gr Il/VI 
holosystolic murmur 


Group II (true aneurysm) 
Old DMI with persistent 
S-TÎ and T}; VPCs with 
intermittent VT 


Old DMI; old AMI with 
persistent slight S-T1 


Old ALMI with persistent 
S-TÎ 


Old ALMI with persistent 
S-TÎ 


Cardiomegaly 


Cardiomegaly 


Local bulging along the 
left cardiac border c/w 
LV aneurysm 

Cardiomegaly 


Old DMI; acute AMI; VPCs Cardiomegaly 


with intermittent VT 


Old ALMI with persistent 
S-TT 


Old ALMI with persistent 
S-TT 
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on; PMI = 


Cardiomegaly with 
cardiac contour 
c/w LV 
aneurysm 

Cardiomegaly 


Posterior LV true 
aneurysm; 100% 
occluded RCA; 75% 
occluded 1st marginal 

Anteroapical LV true 
aneurysm; 80 to 90% 
occluded LAD 

Anterolateral LV true 
aneurysm; 100% 
occluded LAD 

Anteroapical LV true 
aneurysm; 100% 
occluded LAD 


Apicoanterolateral true 
aneurysm; 100% 
occluded AD 


= congestive heart failure; CVA = cerebrovascular accident: 
grade; ICS = intercostal space; LAD = left anterior descending; 
point of maximal impulse; RCA = right coronary artery; 
S = ventricular premature complexes; VT = ventricular 


were done routinely to verify the anatomic relations and to 
ensure their constancy. The echocardiograms were, therefore, 
obtained utilizing multiple planes and analyzed for the site 
and maximal internal width of the mouth or neck of the 
aneuerysm, which was designated Omax (Fig. 1). The mea- 
surement of Omax was obtained using the frame that demon- 
strated the greatest diameter of the neck or mouth of the an- 
eurysm irrespective of its timing in the cardiac cycle. The 
maximal parallel internal diameter of the aneurysm, termed 
Dmax, was then measured using the same frame in which O max 
was found. In addition, the echocardiographic studies were 
examined for the presence or absence of paradoxical systolic 
expansion and echogenic material within the aneurysm con- 
sistent with clot.!92° 

The echocardiographic features were then correlated with 
the surgical and pathologic findings. In three patients with 
left ventricular pseudoaneurysm the two dimensional echo- 
cardiograms were performed before cardiac catheterization 
and provided a prospective diagnosis. In the fourth patient 
with a left ventricular pseudoaneurysm (Case 2) the echo- 
cardiogram was obtained after diagnostic contrast left ven- 
triculography. In the seven patients with true aneurysm the 
echocardiographic diagnosis was made before cardiac cathe- 
terization in all five who underwent catheterization and before 
death in the two patients (Cases 9 and 11) whose condition was 
too unstable to permit any invasive procedure. Therefore, the 
two dimensional echocardiographic studies provided a pro- 
spective diagnosis in 10 of the 11 patients. 

M mode studies were also performed in all patients in the 
standard manner?! using Picker or Advanced Technology 
Laboratory equipment. Both the M mode and two dimen- 
sional studies were analyzed by two independent observers. 


Results 


Clinical findings (Table I): The average age in the 
patients in both groups was similar (57.5 years in Group 
I with pseudoaneurysm and 53.4 years in Group II with 
true aneurysm). Patients in both groups presented with 
congestive heart failure, chest pain, thromboembolic 
phenomena or ventricular arrhythmia, or combinations 
of these. On physical examination, an abnormal pre- 
cordial movement suggesting the presence of a left 
ventricular aneurysm was recognized in four of the 
seven patients with true aneurysm (Cases 6, 7, 9 and 10). 
In the group with pseudoaneurysm, one of the four pa- 
tients (Case 2) had a left parasternal impulse and 
prominent epigastric pulsation that in retrospect was 
thought to be secondary to the pseudoaneurysm and 
that could not be appreciated after surgical repair. 
Electrocardiographically, three of the four patients with 
pseudoaneurysm and six of the seven patients with true 
aneurysm had persistent S-T segment elevation. Ten 
of the 11 patients had electrocardiographic evidence of 
an old myocardial infarction (Q waves of 0.04 second or 
greater). Routine chest roentgenograms were diagnos- 
tically insensitive and demonstrated a local bulging in 
the left ventricular silhouette compatible with an an- 
eurysm in only 2 of the 11 patients (Cases 7 and 11). 

Cardiac catheterization findings (Table I): Left 
ventriculography accurately demonstrated the presence 
of a true aneurysm and localized its site of involvement 
in all five patients in Group II who underwent cathe- 
terization. In contrast, only two patients in Group I 
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(Cases 1 and 2) were thought to have a left ventriculo- 
gram diagnostic of pseudoaneurysm. In the third pa- 
tient (Case 4) marked cardiomegaly in conjunction with 
a huge posterior wall pseudoaneurysm led to very faint 
opacification of the aneurysmal sac, which was only 
partially included in the cineangiographic field. Hence, 
no definite conclusion as to the type of aneurysm in this 
group could be reached based on the angiographic 
study. Despite contrast injections in both the right and 
left anterior oblique projections, the fourth patient 
(Case 3) was diagnosed as having a moderately sized left 
ventricular apical aneurysm, probably of the true va- 
riety because a narrow communication with the left 
ventricular cavity was not visualized. All nine patients 
were found to have significant coronary artery disease 
(greater than or equal to 75 percent obstruction of lu- 
minal diameter of one or more of the three major coro- 
nary arteries). 

Echocardiographic findings in pseudoaneurysm 
(Table I): The most impressive feature in Group I was 
that in all cases the left ventricular cavity could be seen 
communicating with another bounded echo-free space 
through a relatively small opening (1.4 to 3.0 cm) in the 
left ventricular wall (Fig. 2 and 3). In every patient, the 
maximal internal width of this communication (Omax), 
which formed the neck or opening of the pseudoaneu- 





FIGURE 1. Schematic illustrations of the two types of left ventricular 
aneurysm. a, in a pseudoaneurysm (PSEUDO AN.) the maximal internal 
width of its neck or opening (Omax) is much smaller than the maximal 
parallel internal diameter (Dmax) of the aneurysmal sac. b, in a true 
aneurysm (TRUE AN.) the maximal internal width of the mouth or 
opening (Omax) is usually equal to, or wider than, any other parallel in- 
ternal diameter (<—- - -—) of the aneurysmal cavity. Therefore, in this 
example Omax represents the maximal parallel internal diameter (Dmax)- 
Ao = aorta; CL = clot; LA = left atrium; LV = left ventricle; MV = mitral 
valve. 
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rysm, was much smaller than the maximal parallel in- 
ternal diameter (Dmax) of the aneurysmal sac (3.0 to 9.5 
cm), resulting in an Omax/Dmax ratio of 0.5 or less. This 
communication was located in the apical region in two 
patients and in the posterior wall proximal to the pos- 
terior papillary muscle in the other two. The aneurysmal 
sac could be seen to extend behind the intact portion of 
the involved wall of the left ventricle in all cases and in 
two produced a characteristic beak-like configuration 
(Fig. 2). The aneurysmal sac demonstrated paradoxical 
expansion during systole in three patients; no motion 
was apparent in one. In three patients the wall of the 
pseudoaneurysm appeared to be unduly thick, 
suggesting the presence of a thick clot that was subse- 
quently found at surgery to be lining the wall (Fig. 2). 

The diagnosis of left ventricular pseudoaneurysm and 
the site of the opening in the left ventricular wall as 
determined with echocardiography were confirmed in 
all cases at surgery or at autopsy. The echocardiographic 
measurements of Omax and Dmax closely corresponded 
to those calculated at autopsy in Case 4 (3.0 and 9.5 cm 
versus 2.5 and 11.0 cm, respectively). In the remaining 
three patients exact measurements were not taken at 
surgery and, therefore, verification of the echocardi- 
ographically calculated diameters could not be obtained. 
In only one of the four patients was a localized echo-free 
space recorded with M mode echocardiography. This 
space was seen behind the posterior wall of the left 
ventricle but no communication with the left ventricular 
cavity could be identified, making it impossible to dis- 
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tinguish it from other causes of an echo-free space suc 
as a loculated posterior pericardial effusion. 

Postoperative echocardiographic studies, availab 
in two (Cases 2 and 3) of the three patients who survive 
surgery, demonstrated disappearance of the previous 
described bounded echo-free spaces (Fig. 4). 

Echocardiographic findings in true aneurys: 
(Table II): In Group II the characteristic feature w: 
a localized out-pouching and dilatation of the involve 
wall that was present throughout the cardiac cycl 
Thus, the maximal internal width of the mouth « 
opening of the aneurysm (Omax) was relatively large, ar 
in six of our seven cases represented the maximal pa 
allel internal diameter of the aneurysm (Dmax) (Fig. 5 
In contrast to the findings in pseudoaneurysm, tl 
Omax/Dmax ratio was always greater than 0.5 (range 0 
to 1.0). The aneurysm was not observed to extend b: 
hind the intact portion of the involved segment of tl 
left ventricular wall in any of the seven patients with 
true aneurysm. Likewise, a beak-like configuration w: 
not found in any patient with a true aneurysm. Par: 
doxical systolic expansion of the aneurysmal wall w 
present in all seven patients. In addition, echogen: 
material lining the wall of the aneurysm was observe 
in all four patients found to have laminated clot withi 
the aneurysm at surgery or at autopsy. 

Based on the surgical and autopsy findings, th 
echocardiographic studies accurately predicted the le: 
ventricular wall involved in the formation of the aner 
rysm in all seven patients (apical in three patients, ar 


FIGURE 2. Case 2. Left ventricular pseudoaneurysm. With th 
transducer at the cardiac apex, the pseudoaneurysm (AN) present 
as a bounded echo-free space extending behind the intact segmer 
of the posterior wall of the left ventricle (LV), producing a charac 
teristic beak-like configuration. The maximal internal width of it 
neck or opening is half the maximal parallel internal diameter of th 
aneurysmal sac (2.5 and 5.0 cm, respectively). The walls of th 
aneurysm are unduly thick because of the presence of clot (CL 
Diastolic (upper panel) and systolic (lower panel) frames demor 
strate paradoxical systolic expansion of the aneurysmal sac. A : 
anterior; CW — chest wall; L — left; LA — left atrium; MV — mitrz 
valve; P = posterior; R = right. 
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FIGURE 3. Case 4. Left ventricular pseudoaneurysm. 
Upper panel, the long axis view of the mitral valve 
demonstrates the pseudoaneurysm (PSEUDO AN.) as 
a bounded echo-free space behind the left ventricular 
posterior wall (PW) proximal to the posterior papillary 
muscle (PM). Middle panel, an apical four chamber 
view shows the neck or opening (O) of the pseu- 
doaneurysm, which was much smaller than the 
maximal parallel internal diameter of the aneurysmal 
sac (3.0 and 9.5 cm, respectively). Sweeping the ul- 
trasonic beam inferiorly and superiorly in the long axis 
plane and medially and laterally in the apical four- 
chamber plane confirmed the constancy of a “break” 
in the left ventricular posterior wall and its continuity 
with the bounded echo-free space. The echocardio- 
graphic diagnosis of a left ventricular pseudoaneu- 
rysm was made prospectively. Lower panel, the 
pathologic specimen shows the aneurysmal sac 
(black arrows) lined with clot (c) and the small 
opening (white arrow) in the left ventricular posterior 
wall. At autopsy the internal measurements of the 
neck and maximal parallel diameter of the aneurysmal 
sac (2.5 and 11.0 cm, respectively) correlated closely 
with the premorbid echocardiographic measurements. 
AV = aortic valve; | = inferior; RA = right atrium; RV 
= right ventricle; S = superior; TV = tricuspid valve; 
VS = ventricular septum. Other abbreviations as in 
Figures 1 and 2. 
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terolateral in one patient, apical and anterolateral in two 
patients and posterior in one patient). Autopsy mea- 
surements of Omax and Dmax were available in one pa- 
tient (Case 9) and correlated closely with the premortem 
echocardiographic measurements (5.0 and 5.0 cm versus 
5.7 and 5.7 cm, respectively). M mode studies failed to 
delineate convincingly the aneurysm in all seven pa- 
tients. Postoperative two dimensional echocardiograms, 
available for review in two (Cases 7 and 10) of the four 
survivors, revealed no aneurysm. 

Table II compares the real time two dimensional 
echocardiographic measurements found in true versus 
pseudoaneurysm of the left ventricle. There was no in- 
terobserver disagreement regarding the echocardio- 
graphic findings and measurements, which in both pa- 
tient groups were analyzed by two independent ob- 
servers. 

Clinical course: All four patients in Group I (pseu- 
doaneurysm) underwent surgical repair. Three (Cases 
1 to 3) of the four patients survived surgery. All three 





FIGURE 4. Case 2. Postoperative left ventricula 
pseudoaneurysm. The apical four chamber viev 
demonstrates structural continuity of the left ven 
tricular posterior wall (PW) throughout its entire lengtr 
There is no evidence of wall rupture with aneurysr 
formation that was present in the preoperative stud 
(Fig. 2). Abbreviations as in Figures 1 to 3. 


of these patients are alive and well with partial o 
complete relief of symptoms. 

Two patients with true aneurysm (Cases 9 and 11 
died before surgery could be safely attempted. The re 
maining five patients in Group II underwent aneurys 
mectomy. One patient (Case 5) died 8 hours postoper. 
atively, but the other four patients are alive and theii 
previous symptoms have been lessened. 


Discussion 


Left ventricular aneurysm is a common sequela anc 
contributes to the morbidity and mortality in patient: 
after myocardial infarction.?? The majority of these 
aneurysms are of the true variety resulting from gradua 
fibrotic replacement of the infarcted myocardium.?13.2: 
In contrast a small proportion of these aneurysms are 
"false" or pseudoaneurysms that are formed as a con- 
sequence of rupture of the left ventricular wall witk 
containment of the resulting hematoma by adherent 


FIGURE 5. Case 5. Left ventricular true aneurysm. In 
the long axis view the true aneurysm (TRUE AN.) 
presents as a local outpouching and dilatation of the 
left ventricular posterior wall proximal to the posterior 
papillary muscle. The maximal internal width of the 
aneurysm represents the greatest diameter of the 
aneurysmal sac. Abbreviations as in Figures 1 to 3. 
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parietal pericardium or extracardiac structures, or 
both.2:13.24 

Clinical and angiocardiographic diagnosis: Our 
experience underscores the conclusion of other inves- 
tigators!!9.!3,24 that the clinical distinction between true 
and pseudoaneurysm of the left ventricle is difficult. In 
our patients no single or combined clinical or routine 
laboratory findings reliably identified pseudoaneurysm. 
Both types of aneurysm resulted in congestive heart 
failure, ventricular arrhythmias, persistent chest pain 
and thromboembolic phenomena. Cardiomegaly and 
persistent S-T segment elevation were common in 
both. 

Although the premorbid diagnosis of left ventricular 
pseudoaneurysm has required cardiac catherization in 
the past, left ventricular angiography has some limita- 
tions as seen in two of our patients. If the X-ray beam 
Is not oriented perpendicular to the neck of the aneu- 
rysmal sac, the aneurysm may overlap the left ventricle 
so that the left ventricular angiogram may only suggest 
a pseudoaneurysm or may actually simulate a true an- 
eurysm (Case 3).195? Restricting the amount of contrast 
material to be injected may result in incomplete opac- 
ification of a huge aneurysm, as in our Case 4, or limit 
the number of projections from which the aneurysm can 
be viewed. 

M mode versus two dimensional echocardiogra- 
phy: Left ventricular aneurysms have not lent them- 
selves to easy identification with noninvasive techniques 
such as M mode echocardiography. Pseudoaneurysms 
have been described to produce an echo-free space, 
generally behind the left ventricular posterior wall in 
the M mode scan.919.25-28 Unfortunately, this finding 
is not specific because it is also seen in loculated pos- 
terior pericardial effusions. In addition, the M mode 
technique does not provide reliable visualization of the 
neck of the pseudoaneurysm. M mode findings of in- 
creased end-diastolic dimension with decreased wall 
motion at the apex compared with the base of the left 
ventricle,?? localized displacement of the left ventricular 
wall,?? abnormal motion of the anterior left ventricular 
wall?! and convex systolic anterior motion of the mitral 
valve?? may be suggestive but are not diagnostic of the 
presence of a true aneurysm. Real time two dimensional 
echocardiography has certain advantages over the M 
mode technique in distinguishing between true and 
pseudoaneurysm. Because it displays a wider segment 
of the heart, it can more accurately estimate the size of 
an aneurysm as well as visualize its anatomic relation 
to other surrounding structures and its communication 
with the left ventricular cavity. In all of our patients we 
were able to differentiate pseudoaneurysm from true 
aneurysm using the two dimensional technique. Pseu- 
doaneurysms were characterized by a small neck whose 
maximal internal width never exceeded half the maxi- 
mal parallel internal diameter of the aneurysmal sac, 
whereas true aneurysms had a wide mouth that was 
nearly equal to or actually represented the maximal 
parallel internal diameter of the aneurysm. Unlike true 
aneurysms, pseudoaneurysms extended behind the 
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TABLE Il 
Two Dimensional Echocardiographic Measurements 
Location Onni Oman ty RY) |. Ps 
Case of Aneurysm (cm) (cm) Ratio 
Group | (pseudoaneurysm) 
1 Apical 1.4 5.5 0.25 
2 Posterior 2.5 5.0 0.50 
3  Apical 1.5 4.0 0.38 
4 Posterior 3.0 9.5 0.32 
Group Il (true aneurysm) 
5  Posterobasal 5.6 5.6 1.00 
6  Apical 4.2 4.2 1.00 
7  Anterolateral 6.0 6.0 1.00 
8 Apical 5.1 5.1 1.00 
9  Apical S 5.7 1.00 
10 Apical and antero- 7.0 7.0 1.00 
lateral 
11 Apical and antero- 4.5 5.0 0.90 
lateral 


Dmax = maximal parallel internal diameter; Omax = maximal internal 
diameter of opening. 


intact segment of the ventricular wall, thereby pro- 
ducing in some patients a characteristic beak-like con- 
figuration. Other features such as presence or absence 
of clot or paradoxical systolic expansion were not useful 
in the echocardiographic differentiation. In one patient 
with a pseudoaneurysm (Case 3) the diagnosis was not 
established with contrast left ventriculography, thus 
illustrating the potential advantage of two dimensional 
echocardiography in complementing the invasive pro- 
cedure. 

Comparison with previous reports: Roelandt et al.? 
were the first to report the two dimensional echocar- 
diographic diagnosis of a pseudoaneurysm. They de- 
scribed a large localized echo-free space behind the left 
ventricular posterior wall but failed to confirm its 
communication with the left ventricular cavity. How- 
ever, two subsequent case reports of pseudoaneu- 
rysms”!° clearly demonstrated a large bounded echo- 
free space connected to the left ventricular chamber by 
a relatively narrow ostium. The only full-length report 
addressing itself primarily to the two dimensional 
evaluation of left ventricular true aneurysm is that of 
Weyman et al.9 All patients in their study had distinct 
localized aneurysmal bulging of the left ventricle, and 
all but one of their illustrations demonstrated a wide 
neck similar to our findings. Their Figure 8 shows a 
narrow neck leading to the aneurysm when the left 
ventricle was viewed in short axis using a narrow (30?) 
sector scanner, but no mention is made of the echocar- 
diographic findings in other planes. In our series of 
patients the maximal width of the mouth or neck of the 
aneurysm was regularly found in standard or modified 
long axis or apical four chamber planes rather than in 
the short axis view, and it is conceivable that the atyp- 
ical finding seen in this patient may be entirely ex- 
plained by examination technique. 
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FIGURE 6. Simulation of pseudoaneurysm of left ventricle. a, in the subcostal view the stomach presents as a bounded echo-free space that appears 
to communicate with the left ventricle (LV) through the left ventricular posterior wall (PW), thus simulating a pseudoaneurysm. b, careful echocar- 
diographic examination demonstrated inconstancy of this communication suggesting that it may be produced by echo "'dropout." c, when the patient 
swallowed a bolus dose of water, a cloud of echoes appeared in the bounded echo-free space, confirming its gastric origin. These contrast echoes 
probably resulted from turbulence generated by the bolus streaming through the gastric air-fluid interface or by microbubbles of air present in the 
bolus itself. C = catheter; IVS = interventricular septum. Other abbreviations as in Figures 1 to 3. 


Limitations of two dimensional echocardiogra- 
phy: Despite its diagnostic accuracy in our study, two 
dimensional echocardiography has several potential 
limitations. Because the orifice or neck of the pseu- 
doaneurysm is of relatively small size, it may be missed. 
For this reason, the patient should be studied in various 
positions and with use of standard as well as oblique 
views. Even with proper technique, the communication 
may not be recognized if it is smaller than the width of 
the ultrasonic beam or if the pseudoaneurysm is inac- 
cessible to the ultrasonic beam in a particular patient 
because of a small cardiac window or because of the size 
or anatomic location of aneurysm. Although never re- 
ported, it is possible that a pseudoaneurysm may be 
totally or nearly totally, filled with clot, thus obscuring 
the echocardiographic features of a pseudoaneurysm. 
However, if there appears to be a communication be- 
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tween a bounded echo-free space and the left ventricle, 
it is essential that it be distinguished from technical 
echo “dropout.” This requires full examination using 
high and low gain and sweeps across multiple plane 
orientations ensuring constancy of the communica- 
tion. 

Differential diagnosis: Demonstration of a consis- 
tent communication between a large bounded echo-free 
space and the left ventricular cavity differentiates 
pseudoaneurysm from other entities, such as a loculated 
pericardiac effusion, pericardial cyst or other extra- 
cardiac cystic structures. A diverticulum of the left 
ventricle may produce a bounded echo-free space that 
communicates through a small channel with the left 
ventricular cavity,?? thus producing echocardiographic 
findings identical to those found in pseudoaneurysms. 
However, pseudoaneurysm usually presents as a sequela 
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of myocardial infarction, as in all four of our patients, 
but occasionally occurs as a complication of surgery, 
trauma, endocarditis or an inflammatory process.?? In 
contrast to pseudoaneurysm, left ventricular diverticuli 
are generally found in younger patients and may be 
associated with mid line thoracoabdominal defects.?4 
In Figure 6 a bounded echo-free space produced by the 
patient's stomach appeared at times to communicate 
with the left ventricle (panel a) simulating a pseu- 
doaneurysm in certain views. However, further analysis 
utilizing the aforementioned technique demonstrated 
inconstancy of the communication (Fig. 6b). In addition, 
a cloud of echoes appeared in this space when the pa- 
tient swallowed a bolus dose of water demonstrating its 
gastric origin (Fig. 6c). Similar pericardiac echo-free 
spaces have been observed in five additional patients 
and confirmed to be related to the gastrointestinal tract 
by oral contrast studies. 

With future developments in wider angle mechanical 
and phased array sector scanners and improvements in 
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resolution, several of these potential limitations may be 
minimized. In fact, ventricular septal defects as small 
as 2 mm have recently been detected.?5 

Implications: Our preliminary experience suggests 
that real time two dimensional echocardiography may 
provide a safe noninvasive method for diagnosing 
pseudoaneurysm of the left ventricle and, therefore, 
may complement the clinical and angiographic evalu- 
ation in patients whose findings suggest this compli- 
cation. Additional experience with a larger number of 
patients with left ventricular pseudoaneurysm is re- 
quired to evaluate the sensitivity and specificity of this 
two dimensional echocardiographic method. 


Acknowledgment 


We appreciate the editorial assistance of Paul N. Yu, MD. 
We gratefully acknowledge the illustrative work done by John 
Sheedy and the patient secretarial assistance of Connie 
Douglas. 


References 


1. Van Tassel RA, Edwards JE. Rupture of heart complicating 
myocardial infarction. Analysis of 40 cases including nine examples 
of left ventricular false aneurysm. Chest 1972;61:104- 16. 

2. Viodaver Z, Coe JI, Edwards JE. True and false left ventricular 
aneurysms. Propensity for the latter to rupture. Circulation 
1975;51:567-72. 

3. Fadali MA, Soulen RL, Sands MJ, Davies A, Lemole GM, Kaplan 
GF. Surgical treatment of postinfarction left ventricular pseu- 
doaneurysm. J Cardiovasc Surg 1974;15:461-6. 

4. Gueron M, Wanderman KL, Hirsch M, Borman J. Pseudoaneurysm 
of the left ventricle after myocardial infarction. A curable form of 
myocardial rupture. J Thorac Cardiovasc Surg 1975;69:736-42. 

5. Martin RH, Almond CH, Saab S, Watson LE. True and false an- 
eurysm of the left ventricle following myocardial infarction. Am 
J Med 1977;62:418-24. 

6. Weyman AE, Peskoe SM, Williams ES, Dillon JC, Feigenbaum 
H. Detection of left ventricular aneurysms by cross-sectional 
echocardiography. Circulation 1976;54:936-44. 

7. Lengyel M, Tajik AJ, Seward JB, Hagler DJ, Smith HC. Sensitivity 
and specificity of two-dimensional echocardiography in the de- 
tection of left ventricular aneurysms (abstr). Am J Cardiol 1980; 
45:436. 

8. Roelandt J, van den Brand M, Vletter WB, Nauta J, Hugenholtz 
PG. Echocardiographic diagnosis of pseudoaneurysm of the left 
ventricle. Circulation 1975;52:466-72. 

9. Sears TD, Ong YS, Starke H, Forker AD. Left ventricular pseu- 
doaneurysm identified by cross-sectional echocardiography. Ann 
Intern Med 1979;90:935-6. 

10. Katz RJ, Simpson A, DiBianco R, Fletcher RD, Bates RH, 
Sauerbrunn BJL. Noninvasive diagnosis of left ventricular pseu- 
doaneurysm. Role of two dimensional echocardiography and ra- 
dionuclide gated pool imaging. Am J Cardiol 1979;44:372-7. 

11. Nanda NC, Gatewood RP. Differentiation of left ventricular 
pseudoaneurysms from true aneurysms by real-time two-dimen- 
sional echocardiography (abstr). Proceedings of the 24th Annual 
Meeting of the American Institute of Ultrasound in Medicine 
1979;1:56. 

12. Nanda NC, Gatewood RP. Differentiation of left ventricular 
pseudoaneurysms from true aneurysms by two-dimensional 
echocardiography (abstr). Circulation 1979;59,60:Suppl Il:II- 
144. 

13. Roberts WC, Morrow AG. Pseudoaneurysm of the left ventricle. 
An unusual sequel of myocardial infarction and rupture of the heart. 
Am J Med 1967;43:639-44. 


14. Higgins CB, Lipton MJ, Johnson AD, Peterson KL, Vieweg VR. 
False aneurysms of the left ventricle: identification of distinctive 
Clinical, radiographic and angiographic features. Radiology 
1978; 127:21-7. 

15. Gorlin R, Klein MD, Sullivan JM. Prospective correlative study of 
ventricular aneurysm. Am J Med 1967;42:512-31. 

16. Tajik AJ, Seward JB, Hagler DJ, Mair DD, Lie JT. Two-dimensional 
real time ultrasonic imaging of the heart and great vessels: tech- 
nique image orientation, structure identification and validation. 
Mayo Clin Proc 1978;53:27 1-303. 

17. Silverman NH, Schiller NB. Apex echocardiography: a two-di- 
mensional technique for evaluating congenital heart disease. 
Circulation 1978;57:503- 11. 

18. Nanda NC, Gramiak R. Clinical Echocardiography. St Louis:CV 
Mosby, 1978:369-431. 

19. DeMarie AN, Bommer W, Neumann A, et al. Left ventricular 
thrombi identified by cross-sectional echocardiography. Ann Intern 
Med 1979;90:14-8. 

20. Ports TA, Cogan J, Schiller JB, Rapaport E. Echocardiography 
of left ventricular masses. Circulation 1978;58:528-36. 

21. Nanda NC, Gramiak R. Echocardiographic examination technique. 
In Ref 18:54-84. 

22. Schlichter J, Hellerstein HK, Katz LN. Aneurysm of the heart: a 
correlative study of one-hundred and two proved cases. Medicine 
1954;33:43-86. 

23. Chesler E, Korns ME, Semba T, Edwards JE. False aneurysms 
of the left ventricle following myocardial infarction. Am J Cardiol 
1969:23:76-82. 

24. Hurst CO, Fine G, Keyes JW. Pseudoaneurysm of the heart. Report 
of a case and review of literature. Circulation 1963;28:427-36. 

25. Morcerf FP, Durate EP, Salcedo EF, Siegal W. Echocardiographic 
findings in false aneurysm of the left ventricle. Cleve Clin Q 
1976;46:7 1-6. 

26. Davidson KH, Parisi AF, Harrington JJ, Barsamian EM, Fishbein 
MC. Pseudoaneurysm of the left ventricle: an unusual echocar- 
diographic presentation. Review of the literature. Ann Intern Med 
1977;86:430-3. 

27. Mills PG, Rose JD, Brodie BR, Delany DJ, Craige E. Echophono- 
cardiographic diagnosis of left ventricular pseudoaneurysm. Chest 
1977;72:365-7. 

28. Van Mechelen R, Van Hemel NM, Van Rijk PP. Non-invasive di- 
agnosis of pseudoaneurysm of left ventricle. Br Heart J 1978; 
40:812-6. 

29. Dillon JC, Feigenbaum H, Weyman AE, Corya BC, Peskoe S, 


Nawambhar 1081. Tha Amarican lniurnal o£ CARNINI AGY Valima AR n77 


Gallium-67 Citrate Scanning for Noninvasive Detection of 
Inflammation in Pericardial Diseases 


JOHN B. O'CONNELL, MD 
JOHN A. ROBINSON, MD 
ROBERT E. HENKIN, MD 
ROLF M. GUNNAR, MD, FACC 


Maywood, Illinois 


From the Departments of Medicine and Nuclear 
Medicine, Loyola University Medical Center, 2160 
South First Avenue, Maywood, Illinois. This study 
was supported by funds from the Earl M. Bane 
Charitable Trust, Maywood, Illinois. Manuscript 
received March 31, 1980; revised manuscript 
received May 8, 1980, accepted May 14, 1980. 

Address for reprints: John A. Robinson, MD, 
Loyola University Medical Center, 2160 South First 
Avenue, Maywood, Illinois 60153. 


The treatment of acute nonspecific pericarditis is controversial. No study 
is available that confirms the efficacy of the administration of cortico- 
steroids or nonsteroid anti-inflammatory agents in this condition. There 
is no reliable invasive marker for pericardial inflammation, because 
echocardigraphy demonstrates only the presence of fluid. In four patients 
with pericarditis, gallium-67 citrate scanning was performed, and the 
isotope was localized to the cardiac silhouette in all. In one patient with 
effusion the gallium scan was positive and then reverted to negative with 
corticosteroid therapy. In another, the gallium scan remained positive 
despite resolution of the pericardial effusion with corticosteroid therapy. 
This patient eventually required pericardial stripping. Pericardial local- 
ization of gallium was useful in detecting the cause of fever in a patient 
after aortocoronary bypass grafting and in detecting pericardial in- 
volvement in a patient with multisystem viral disease. Pericardial local- 
ization of gallium-67 may be diagnostically useful and may provide a 
proper control for the study of the efficacy of corticosteroids versus 
nonsteroid anti-inflammatory agents in pericarditis. 


The therapy for acute nonspecific pericarditis not complicated by 
constriction or impending tamponade is controversial. Proponents can 
be found for corticosteroid, salicylate or indomethacin therapy. Corti- 
costeroids have been the most frequently advocated agents, but no study 
has clearly demonstrated their long-term efficacy. Currently, the trend 
is toward the use of nonsteroid anti-inflammatory agents, presumably 
to circumvent steroid morbidity.! However, the enthusiasm and rationale 
for any type of pharmacologic intervention in this disease are not but- 
tressed by proof of efficacy. 

Echocardiography enables the clinician to monitor the course but not 
the character of a pericardial effusion. The development of a noninvasive 
reproducible technique for detecting, assessing and treating a pericardial 
inflammatory reaction is necessary before properly controlled clinical 
studies testing the efficacy of corticosteroids versus nonsteroid agents 
in nonbacterial pericardial inflammation can be completely inter- 
preted. 

Gallium-67 citrated scanning is an effective noninvasive method for 
detecting acute or chronic inflammatory reactions in the kidneys, bone, 
central nervous system and lungs.” Gallium-67 scanning in heart disease 
has been limited to detecting the site of valve involvement and myo- 
cardial abscesses in infective encocarditis,? to “hot spot" imaging in acute 
myocardial infarction’ and to detecting myocardial inflammatory in- 
filtrates in idiopathic congestive cardiomyopathy.? In this study we 
describe the results of gallium scanning in four patients with acute 
pericarditis in whom gallium-66 citrate localized to the cardiac silhou- 
ette. 
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Methods 


Patients: Gallium-67 citrate scans were performed in four 
patients with acute pericarditis. The diagnosis was based on 
the presence of one or more of the following: chest pain com- 
patible with pericardial pain, pericardial friction rub or gen- 
eralized S-T segment changes in the electrocardiogram and 
the absence of clinical or serum enzyme evidence of myocar- 
dial ischemia or infarction. Normal or stable left ventricular 
function based on multiple gated acquisition scanning, uti- 
lizing technetium-99m-labeled red blood cells, was also a 
prerequisite. In addition, 20 control patients underwent gal- 
lium-67 scanning, utilizing the special views of the chest, for 
reasons other than abnormal chest findings. This study was 
approved by the Loyola University Institutional Review Board 
for Protection of Human Subjects. 

Gallium-67 scans: The four patients underwent imaging 
72 hours after intravenous administration of 5 millicuries of 





carrier-free gallium-67 citrate. Images were performed in tl 
anterior, the 45° and 60° left anterior oblique and the le 
lateral projections. The images were performed on a LFO 
gamma camera (Searle), using a 300 keV parallel hole coll 
mator. Triple pulse height analysis was routinely performec 
Twenty percent windows were centered about the 93 ke’ 
peak, the 184 keV peak and the 300 keV peak. Each projectio 
accumulated 500,000 full field counts. At the time of gamm 
camera imaging, the images were acquired into a fully prc 
grammable minicomputer in a 128 by 128 matrix. The effe 
tive grey scale of the images was altered by reducing the di: 
play range within the computer. In general, channels con 
taining 40 counts or less were not displayed. In no case was 
value in excess of 25 percent of the maximal channel valu 
used to delete low channel counts. Images were then photc 
graphed on either Polaroid? film or transparency film fo 
display. At the time of interpretation, images were graded o 
a scale of 0 to 4 as follows; grade 0, no definable activity withi 
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FIGURE 1. Case 1. Top, gallium-67 citrate scans of the anterior chest. In the initial scan (left), grade 2 diffuse uptake is evident. After 3 months 
of prednisone therapy (right), there is no abnormal gallium uptake. Bottom, M mode echocardiograms. The initial study (left) demonstrates the large 
echo-free spaces of pericardial effusion (PE). After prednisone therapy (right) the study demonstrates resolution of the effusion. 
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the chest structure; grade 1, barely perceptible activity over 
the myocardium; grade 2, definite myocardial visualization 
but less activity than that seen in the sternal area; grade 3, 
myocardial activity equal to that in the sternum; Grade 4, 
myocardial activity greater than that in the sternum. 

In all 20 control patients, there was no significant uptake 
of gallium-67 citrate over the cardiac silhouette. 


Results 
Case Reports 


Case 1: A 15 year old white boy had pharyngitis fol- 
lowed by pleuritic chest pain. The chest pain, which 
lasted 14 days, was worse in the supine position and was 
associated with mild fever and arthralgias. These 
symptoms were followed by fatigue, arthralgias and 
progressive anemia associated with a 4 kg weight loss. 

On admission, 6 months after the onset of illness, the 
patient had low grade fever and a pericardial friction 
rub with no signs of tamponade or constriction. Active 
synovitis of the knees and small joints of the hands and 
wrists was noted. Laboratory data revealed a normo- 
chromic normocytic anemia, erythrocyte sedimentation 
rate of 70 mm in/hour, a positive rheumatoid factor in 
low titer of 1:40, and a positive antinuclear antibody 
with ribonucleoprotein specificities. Antistreptolysin 
titer was less than 100 Todd units. Cardiac enzymes 
were normal. The chest roentgenogram revealed marked 
increase in size of the cardiac silhouette and a small left 
pleural effusion. The electrocardiogram demonstrated 
sinus tachycardia and a P-R segment depression in leads 
II, III and aVF. An echocardiogram demonstrated a 
large pericardial effusion and normal left ventricular 
function. The presumptive diagnoses were rheumatoid 
arthritis and acute inflammatory pericarditis. A gal- 
lium-67 scan demonstrated grade 2 (when compared 
with sternal uptake) diffuse uptake over the myocardial 
region (Fig. 1, left). 

Treatment with prednisone (1 mg/kg) and salicylates 
(2,400 mg/day) was initiated. Within 24 hours, fever and 
pleuritic chest pain had disappeared. All signs and 
symptoms of the pericardial effusion disappeared 
within 1 month, although the synovitis remained quite 
active. Administration of prednisone was tapered 
without exacerbating the pericarditis. Both the elec- 
trocardiogram and the echocardiogram were normal on 
follow-up study at 3 months. The chest roentgenogram 
revealed normal heart size and a minimal left pleural 
effusion. There was no pericardial uptake of gallium-67 
citrate (Fig. 1, right). 


Case 2: A 49 year old white woman presented to this 
center with a 3 month history of positional substernal 
chest pain that radiated to the left trapezius ridge. 
Initially, she had had an upper respiratory infection that 
required admission to a hospital, where an echocardi- 
ogram demonstrated pericardial effusion. The patient 
was successfully treated with corticosteroids, but the 
effusion recurred when therapy was discontinued at 6 
weeks. 

On this second admission, physical examination re- 
vealed a normotensive woman with no paradoxical 
pulse, but an audible and palpable pericardial friction 


rub. Routine laboratory findings were normal and an- 
tinuclear antibody test was negative. The chest roent- 
genogram demonstrated a normal heart size, and an 
electrocardiogram showed diffuse S-T segment de- 
pression. An echocardiogram confirmed the presence 
of posterior pericardial effusion. A gallium-67 scan of 
the chest, performed in the anterior projection, dem- 
onstrated a thin line of grade 2 gallium-67 uptake as a 
pericardial shadow (Fig. 2). A presumptive diagnosis of 
recurrent postviral pericarditis was made and predni- 
sone therapy was instituted. 

A second gallium scan was performed and was again 
positive as administration of prednisone was tapered. 
The echocardiogram revealed resolution of the peri- 
cardial effusion. Corticosteroid therapy was continued, 
but a pericardiectomy was performed in the 6th month 
of illness after early signs of constriction and persistent 
chest pain developed. At operation, the pericardium was 
noted to be thick with many fibrous adhesions. Histo- 
pathologic evaluation revealed fibrosis, fibrin deposits 
and chronic inflammation (Fig. 3). The patient recov- 
ered uneventfully and remains asymptomatic without 
corticosteroid therapy 6 months after operation. 


Case 3: A 60 year old man was admitted for evalua- 
tion of postoperative fever 4 weeks after uncomplicated 
double aortocoronary bypass grafting. After operation, 
the pericardial friction rub disappeared by the 4th 
postoperative day and did not recur. The patient had 
chronic bronchitis and was taking prednisone (20 





FIGURE 2. Case 2. Gallium-67 citrate chest scan, anterior view. Arrow 
indicates grade 2 isotope uptake localized to the pericardium. 
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mg/day) at the time of admission for aortocoronary 
bypass grafting. 

Physical examination on this postoperative admis- 
sion was normal. No pericardial friction rub was audible 
and there was no hepatomegaly. There was no evidence 
of acute ischemia or changing left ventricular function. 
Routine laboratory analysis revealed an erythrocyte 
sedimentation rate of 63 mm in 1 hour and a white blood 

cell count of 12,200/mm?. A purified protein derivative 

test was positive, but sputum smear and cultures were 
negative for M. tuberculosis. Routine cultures were 
negative. The electrocardiogram showed nonspecific 
S-T wave changes. The chest roentgenogram was within 
normal limits. A gallium-67 scan of the chest demon- 
strated diffuse grade 2 uptake in the anterior medias- 
tinum that was within the heart shadow in oblique 
projections. 

The prednisone dose was increased to 60 mg/day 
after bacterial infection had been ruled out, and the 
patient's fever rapidly subsided. Because of the elevated 
sedimentation rate, the postoperative fever that de- 
fervesced immediately with steroid administration, and 
the nonspecific S-T wave electrocardiographic changes, 
a diagnosis of postpericardiotomy syndrome was made. 
The patient was maintained on prednisone therapy and 
his condition continued to improve. Two weeks after 
discharge, an echocardiogram was performed and was 
within normal limits. He is symptom-free at 2 year 
follow-up. 


Case 4: A 71 year old white man was admitted with 
confusion, shortness of breath and weakness after a 2 
week history suggestive of tuberculosis, purulent peri- 
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FIGURE 3. Case 2. Sec 
tion from pericardiz 
surgical specimen dem 
onstrating fibrosis, fibrii 
deposition and mononu 
E clear infiltration. (Hema 
= toxylin-eosin X 125, re 
duced by 26 percent.) 


carditis or tumor. Pertinent findings included fever anc 
supraventricular arrhythmia. Examination of the ce 
rebrospinal fluid ruled out meningitis. The erythrocyte 
sedimentation rate was 108 mm in 1 hour. Antinucleai 
antibodies were absent, and a rheumatoid factor wa: 
present at a titer of 1:320. A purified protein derivative 
test was negative as were sputum cultures for M. tu. 
berculosis. Routine cultures were negative. The chest 
roentgenogram demonstrated mild cardiomegaly anc 
minimal pulmonary venous engorgement. The elec. 
trocardiogram showed atrial fibrillation with moderate 
ventricular response and generalized ST-T wave 
changes. Cardiac enzymes were normal on three occa- 
sions. An echocardiogram demonstrated a moderate 
anterior and posterior pericardial effusion and multiple 
gated acquisition scanning revealed normal wall motion 
with an ejection fraction of 55 percent in the left anterior 
oblique projection. A Swan-Ganz catheter was used for 
hemodynamic monitoring. Pressures (in mm Hg) were: 
mean right atrial, 4; right ventricular, 30/4; pulmonary 
arterial, 30/10; and pulmonary arterial wedge, 16. A 
gallium-67 scan was performed. The isotope localized 
diffusely with grade 4 density in the cardiac silhouette. 
The overall clinical picture suggested that this patient 
had multisystem viral disease, predominantly acute 
pericarditis and encephalitis. 


Therapy with prednisone (60 mg/day) and azathio- 
prine (200 mg/day) was begun on the 10th hospital day. 
Within 24 hours, the patient's condition improved 
dramatically and during the next 10 days, he became 
alert and oriented and started to walk; however, on the 
20th hospital day he complained of the sudden onset of 
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substernal chest pressure, had no vital signs and could 
not be resuscitated. Permission for autopsy was de- 
nied. 


Discussion 


The treatment for acute nonspecific pericarditis 
complicated by tamponade is alleviation of acute he- 
modynamic compromise by surgical or percutaneous 
drainage. If the pericardial inflammation presents 
clinically with constrictive hemodynamics, surgical 
stripping is the accepted mode of therapy (both these 
therapeutic decisions are derived as pathophysiologic 
abnormalities with clinical end points of improvement). 
The treatment of acute nonspecific pericarditis un- 
complicated by either tamponade or constriction is 
controversial. The symptoms of pain or arrhythmia may 
be alarming to the patient and deserve pharmacologic 
intervention even though these patients generally ap- 
pear to have a more benign course than that of patients 
with tamponade. 

Steroid versus nonsteroid therapy in pericardial 
inflammation: Treatment of nonspecific pericarditis 
with corticosteroids may result in dramatic relief of 
symptoms. Recurrent clinical symptoms may arise when 
this treatment is discontinued. Connolly and Burchell® 
described 27 patients with acute nonspecific pericarditis 
who were treated with corticosteroids. Initial im- 
provement was noted in all, yet nine patients (33 per- 
cent) became corticosteroid-dependent. Of 101 patients 
with acute benign pericarditis followed up over an 18 
year period, 80 percent of the patients who experienced 
a relapse had previously been treated with corticoste- 
roids.’ An overriding consideration with the use of 
corticosteroids is their long-term morbidity. Because 
clear-cut demonstration of their efficacy is still not 
available, several nonsteroid anti-inflammatory agents, 
especially salicylates and indomethacin, have been 
used.! To date, no study has demonstrated their effi- 
cacy. These nonsteroid agents may relieve the symp- 
toms of postpericardiotomy syndrome, but the response 
is neither as complete nor as rapid as that seen with 
administration of corticosteroids. The debate on the 
primary mode of therapy has been spirited, some in- 
vestigators favoring nonsteroid antiinflammatory 
agents! and others recommending corticosteroids but 
exercising caution in their withdrawal.? Resolution of 
this important therapeutic decision may be aided by the 
development of a noninvasive reproducible marker that 
accurately detects pericardial inflammation. Once 
available, studies testing the efficacy of steroidal versus 
nonsteroid therapy for acute nonspecific pericarditis 
can be designed. 

Echocardiography in pericardial inflammation: 
'The development of echocardiography has provided the 
ability to monitor the course of a pericardial effusion. 
In some patients, chest wall configuration or chronic 
lung disease prevents adequate echocardiographic 
analysis. Loculation and adhesions may prevent effu- 
sions from being detected and false positive echoes may 
occur with prominent epicardial fat pads, pericardial 
cysts, foramen of Morgagni herniae, left pleural effu- 


sions, calcified mitral anuli and inordinately medial 
transducer angulation. Many patients with acute 
nonspecific pericarditis never have effusion, precluding 
echocardiography as a useful tool in following their 
clinical course. A primary deficiency is the inability of 
echocardiography to differentiate characteristics of 
pericardial fluid. A transudative fluid will look similar 
to an inflammatory fluid with echocardiographic anal- 
ysis and sequential assessment of anti-inflammatory 
drug efficacy is not possible. 

Technetium-99m scintigraphy in pericardial 
inflammation: Thirty-two patients with acute peri- 
carditis were studied with technetium-99m pyrophos- 
phate scintigraphy within 4 days of onset of symp- 
toms.!! Only 11 (34 percent) had uptake over the cardiac 
silhouette. Another 20 patients with pericarditis were 
studied with technetium-99m pyrophosphate and up- 
take was noted only in patients with ischemic heart 
disease.!? Theoretically, technetium-99m pyrophos- 
phate should detect subepicardial necrosis that occurs 
during pericarditis but it appears to be relatively in- 
sensitive. 

Gallium-67 citrate scintigraphy in pericarditis: 
The sensitive isotopic indicator of inflammation is 
gallium-67 citrate scintigraphy. Initially described as 
a bone scanning agent, gallium is recognized as an ef- 
fective localizer of tumors and of either acute or chronic 
inflammatory lesions.? The vast majority of clinical 
information accumulated relates to gallium-67 detection 
of inflammation in the kidneys, bone, central nervous 
system and lungs. Application of this isotope to cardiac 
disease has just begun. Cardiac valves involved by in- 
fective endocarditis vegetations can be localized.? Gal- 
lium-67 has been used as a myocardial infarct-avid 
agent, but its low target to background ratios preclude 
its clinical utility.24 We? previously investigated the 
utility of gallium-67 citrate in detecting active inflam- 
mation in patients with idiopathic congestive cardio- 
myopathy. It appears that gallium-67 citrate may have 
clinical potential in inflammatory processes involving 
the pericardium as well. 

The four patients described demonstrate the ability 
of gallium-67 to detect pericardial inflammation. The 
uptake may be diffuse or localized. 

In Patient 1, gallium-67 was useful in monitoring the 
response to the steroid therapy. Gallium-67 scanning 
in this instance correlated closely with the course of the 
pericardial effusion by echocardiogram. Although active 
small and medium joint synovitis persisted, we inter- 
preted the development of a negative pericardial gal- 
lium scan after 3 months of therapy as supporting evi- 
dence for absence of inflammation, and corticosteroids 
were withdrawn without relapse. 

Patient 2 illustrates the common clinical dilemma of 
recurrent symptoms despite echocardiographic reso- 
lution of the pericardial effusion as corticosteroids are 
withdrawn. Persistent cardiac gallium uptake stimu- 
lated clinical scrutiny for the early signs of constriction. 
Once it developed, surgery was successfully performed. 
Tissue obtained during the procedure had histologic 
evidence of inflammation. 
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In Patient 3, the diagnosis of postaortocoronary by- 
pass graft fever was supported by localization of gal- 
lium-67 to the pericardium. The lack of demonstrable 
sources of infection and the rapid resolution of fever and 
lowering of the sedimentation rate in this patient indi- 
rectly confirm the diagnosis of postpericardiotomy 
syndrome. The criteria for diagnosis of the postperi- 
cardiotomy syndrome can be vague and clinically con- 
fusing. The gallium-67 localization may be of great value 
in this disease. 

In Patient 4, gallium-67 scanning focused clinical 
attention to the pericardium in a patient with general- 
ized multisystem disease. Corticosteroid therapy re- 
sulted in rapid resolution of symptoms. 

All of these patients exhibited normal or stable 
myocardial function and no patient had electrocardio- 
graphic or serum enzyme evidence of acute myocardial 


infarction that would explain the gallium uptake ov« 
the myocardium. The scans were performed at 72 hou 
to eliminate any question of blood pool imaging thé 
could account for the gallium concentration. All contr 
patients had negative gallium scans; moreover, nucle: 
radiologists rarely note gallium uptake over the cardi: 
silhouette in patients without heart disease. 

Implications: The management of acute nonspecif 
pericarditis is not satisfactory. No controlled study hz 
been reported that incorporates a laboratory assessmer 
of inflammatory activity demonstrating superior eff 
cacy of corticosteroids or nonsteroid anti-inflammator 
agents. The observation that the inflammation-avi 
isotope, gallium-67 citrate, localized to the cardiac si 
houette in patients with acute pericarditis may provid 
the marker of inflammation that is necessary for thes 
studies to be successful. 
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Why change a respected name 
like HANCOCK Laboratories Inc.’ 

Because, good as it is, HANCOCK 
tends to bring to mind porcine 
heart valves. Which is where we 
started. 

Today, however, we're much 
broader than that. And, it is our 
objective to continue to expand 
our product line for an increased 
presence in and commitment to 
cardiovascular health care. 





Under VASCOR, three new 
product lines: 
8 HANCOCK* porcine heart valves 
8 CARDAK* thermodilution and 
other right heart catheters 
8 VICARE* cardiovascular 
therapeutic products 
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ESSCOM 1 


‘CG SERIAL COMPARISON SYSTEM 


ithout serial comparison, an equivocal Comparison report suggests 
idgement of Anterolateral Ischemia. clinical pings of change. 





TELEMED COMPUTER SERIAL COMPARISON (Ko) 


PATIENT 10: 332170000, DATE: 9-JAN-78 06:24:57 CENTRAL LS 
CODE: 498/79/2/0/0/2/0 
INTERVALS: 2 NOT MEASURED QRS(LIMB)=0.098  QT-041 - 
AXES: P="0 QRS =-4 T= 74 
HISTORY: — MALE—79 YEARS — MED: BLD — NO HX— RX UNKNOWN 
INTERPRETATION: " 
CURRENT ECG: DATE: 1-9-78 TIME: 6:24:57 
PREVIOUS ECG: DATE: PM TIME: 10; 5:21 

RHYTHM 


ATRIAL e aces 
— MEDIAN RATE HS RERCSE T067 (RANGE 39 T 10) 


FINDINGS 
1) THERE IS PERSISTING EVIDENCE FOR LYH ON A NON- VOLTAGE BASIS. 
CE aac MN 
a, ARE NO ST/T ABNORMALITIES (II, Ill, F) AND SINCE THE PRE- — 
ARE ST/T ABNORMALITIES IN IN THE LEFT Leder pe ce 
THE PREVIOUS TRACE T-WAVES ARE NO LONGER NEGATIVE IN THE LEFT PRE “he 
CORDIAL LEADS AND THERE HAYE BEEN OT MINOR S/T CHANGES ITE 


CONCLUSIONS 
1) EVIDENCE FOR LVH PERSISTS. 
2) PERSISTING LEFT AXIS DEVIATION. ANTERIOR FASCICULAR BLOCK. 
3) THE ST/T CHANGES SUGGEST REGRESSION OF AN ISCHEMIC PROCESS, WHICH — 
MUST BE CONFIRMED CLINICALLY. 
ECG CONTINUES TO BE ABNORMAL 


THIS ECG IS BEING STORED FOR FUTURE SERIAL COMPARISON. 
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nd 2 Bit * For fast, effective, clinically relevant ECG 


analyses 


* Recognizes abnormalities and changes in 
the complete series of ECGs for the patient 


e Draws conclusions only after: 

— All abnormal shapes have been 
recognized and their interrelationships 
to prior ECGs are considered 

— The dynamics and time frame of 
changes are observed 


ice B, 44 hours ler To find out more about TELEMED's ECG Serial 


ie TELEMED Computer-Assisted ECG Program has been Comparison System, ES-COMP 1, and order your 
own to have a higher Figure of Merit (sensitivity, specificity) reprint, call: 800-323-4758 
hen compared to other computer programs in identifying (In Illinois call 312-884-5900, collect.) 


yocardial infarction in a clinically evaluated patient 


»pulation. In the same study, the Figure of Merit of 

irdiologists was significantly improved when their readings 

ere complemented by a computer? 

‘omwell, L., et al: Biomedical Instrumentation and Measurements. Prentice- 


I, 1973 

'olf HK, Harris LK, ron es and Prineas RJ: Identification of Myocardial Cardio-Pulmonary ee 
arction by E Interpreted by Computer and Cardiologist. Unpublished 2345 Pembroke Avenue 

ta, Feb. 1980 Hoffman Estates, Illinois 60195 
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PROCAINAMIDE HYDROCHLORIDE TABLETS 


therapeutic gap exists when 


»nventionoal oral procainamide therapy is administered 
greater than 5 hour intervals 


Aaequate blood levels maintained only 2/3 of the 
e auring a Ó hour dosing interval 


Patient control may be threatened 


10 Standard procainamide plasma levels (at steady 
state) following oral administration of a single 750mg dose’ 


re al therapeutic 
a le 


Ada t we om Koch-Weser J, Klein SW: P mide dos s, pla 
conc and clinical effects JAMA 215 ( o 9) EE hpg Mt my T 


To avoid unacceptable fluctuations 
the @lasma levels af sracainamide, the eral 


cmaratian availaele at present has tæ we 
ven at 3 h intervals... .'33 





Bioequivalence of PROCAN SR 
to conventional 

procainamide capsules 
demonstrated in 

multi-dose study? 


Procan SR qóh demonstrates bioequivalence * to 
short-acting formulation of oral procainamide q3h in 
multidose study after steady state is achieved? 


A 
tl. Lost 
Dose 
Mean procainamide plasma levels in 12 normal volunteers 
administered Procan SR and conventional procainamide cap- 
sules in a multiple-dose regimen ot equol total doses. 


Conventional procainamide capsules 
(250 mo q3h) for 18 doses 


—— SUStaNed-release procainamide tablets 
(500 mg qóh) for 9 doses 


178 216 294 173 179 171 179 184 218 217 181 176 
157 199 239 202 182 1.55 1,32 56: 205 945. 215 1:81 
J i j I I Rca A Jk. A CEU SEs 102508 ISO UEM 1 PM 
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for selected cardiac 
dysrhythmias 


E Cuts the dosing frequency of conventional 
oral procainamide therapy in half 


- Promotes better patient compliance 


B Helps eliminate the therapeutic gap and 
maintains blood levels all day and all night 


- Formulated 
using a specal 
wax matrix — per 
slow dissolution 


2 strengths for 
greater Flexibility 


250mg 


toblet we, 








Procan™ SR 


(PROCRINAMIDE HYDROCHLORIDE TABLETS) 
SUSTAINED RELEASE 


The prolonged administration of procainamide 
often leads to the development of a positive 
antinuclear antibody (ANA) test with or without 
symptoms of lupus erythematosus-like 


syndrome. If a positive ANA titer develops, the 
benefit/risk ratio related to continued 
procainamide therapy should be assessed. This 
may necessitate consideration of alternative 
antiarrhythmic therapy. 


DESCRIPTION 

Procainamide hydrochloride is the amide analogue 
of procaine hydrochloride. €ach tablet of Procan SR 
contains procainamide hydrochloride in a tablet 
matrix specially designed for the prolonged release 
of the drug in the gastrointestinal tract. Procan SA is 
available for oral administration as green, film- 
coated tablets containing 250 mg procainamide 
hydrochloride and as yellow, film-coated tablets 
containing 500 mg procainamide hydrochloride. 


ACTION 

Procainamide depresses the excitability of 

cardiac muscle to electrical stimulation, and slows 
conduction in the atrium, the bundle of His, and the 
ventricle. The refractory period of the atrium is 
considerably more prolonged than that of the 
ventricle. Contractility of the heart is usually not 
affected nor is cardiac output decreased to any 
extent unless myocardial damage exists. In the 
absence of any arrhythmia, the heart rate may 
occasionally be accelerated by conventional doses, 
suggesting that the drug possesses anticholinergic 
properties. Larger doses can induce atrioventricular 
block and ventricular extrasystoles which may 
proceed to ventricular fibrillation. These effects on 
the myocardium are reflected in the electro- 
cardiogram; a widening of the QRS complex occurs 
most consistently; less regularly, the P-R and Q-T 
intervals are prolonged, and the QRS and T waves 
show some decrease in voltage. 


The sustained-release characteristic of Procan SA 
tablets has been demonstrated in studies in 
human subjects. A multiple-dose study has shown 
equivalent steady-state plasma levels of Procan SR 
tablets given every six hours when compared 

with an equal total daily dose of Pronestyl® 
(procainamide hydrochloride capsules, €.R. Squibb 
and Sons) given every three hours. 


Procainamide is less readily hydrolyzed than 
procaine, and plasma levels decline slowly — about 
10 to 20% per hour for standard dosage forms of 
procainamide. The drug is excreted primarily in 

the urine, about 10% as free and conjugated 
p-aminobenzoic acid, and about 60% in the 
unchanged form. The fate of the remainder is 
unknown. 


INDICATIONS 

Oral procainamide is indicated in the treatment of 
premature ventricular contractions and ventricular 
tachycardia, atrial fibrillation, and paroxysmal atrial 
tachycardia. 


CONTRAINDICATIONS 

It has been suggested that procainamide be 
contraindicated in patients with myasthenia 
gravis. Hypersensitivity to the drug is an absolute 
contraindication; in this connection, cross-sensitivity 
to procaine and related drugs must be borne in 
mind. Procainamide should not be administered to 
patients with complete atrioventricular heart block. 
Procainamide is also contraindicated in cases of 
second-degree and third-degree A-V block unless 
an electrical pacemaker is operative. 


PRECAUTIONS 

During administration of the drug, evidence of 
untoward myocardial responses should be carefully 
watched for in all patients. In the presence of an 
abnormal myocardium, procainamide may at times 
produce untoward responses. In atrial fibrillation or 
flutter, the ventricular rate may increase suddenly 
as the atrial rate is slowed. Adequate digitalization 
reduces, but does not abolish, this danger. If 
myocardial damage exists, ventricular tachysystole 
is particularly hazardous. Correction of atrial 
fibrillation, with resultant forceful contractions of 
the atrium, may cause a dislodgement of mural 
thrombi and produce an embolic episode. However, 
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it has been suggested that, in a patient who is 
already discharging emboli, procainamide is more 
likely to stop than to aggravate the process. 


Attempts to adjust the heart rate in a patient who 
has developed ventricular tachycardia during an 
occlusive coronary episode should be carried out 
with extreme caution. Caution is also required in 
marked disturbances of atrioventricular conduction 
such as A-V block, bundle branch block, or severe 
digitalis intoxication, where the use of procaina- 
mide may result in additional depression of 
conduction and ventricular asystole or fibrillation. 


Because potients uith severe organic heart disease 
and ventricular tachycardia may also have complete 
heart block, which is difficult to diagnose under 
these circumstances, this complication should 
always be kept in mind when treating ventricular 
arrhythmias with procainamide. If the ventricular 
rate is significantly slowed by procainamide without 
attainment of regular atrioventricular conduction, 
the drug should be stopped and the patient 
re-evaluated because asystole may result under 
these circumstances. 


In patients receiving normal dosage, but who have 
both liver and kidney diseases, symptoms of 
overdosage (principally ventricular tachycardia and 
severe hypotension) may occur due to drug 
accumulation. 


Instances of a syndrome resembling lupus 
erythematosus have been reported in connection 
with maintenance procainamide therapy. The 
mechanism of this syndrome is uncertain. 
Polyarthralgia, arthritis, and pleuritic pain are 
common symptoms; to a lesser extent, fever, 
myalgia, skin lesions, pleural effusion, and 
pericarditis may occur. Rare cases of thrombo- 
cytopenia or Coombs'-positive hemolytic anemia 
have been reported which may be related to this 
syndrome. Patients receiving procainamide for 
extended periods of time, or in whom symptoms 
suggestive of a lupus-like reaction appear, should 
have antinuclear antibody titers measured at 
regular intervals. The drug should be discontinued if 
there is a rising titer (antinuclear antibody) or 
clinical symptoms of LE appear. The LE syndrome 
may be reversible upon discontinuation of the drug. 
If discontinuation of the drug does not cause 
remission of the symptoms, steroid therapy may 

be effective. If the syndrome develops in a patient 
with recurrent life-threatening arrhythmias not 
controllable by other antiarrhythmic agents, steroid 
suppressive therapy may be used concomitantly 
with procainamide. It is recommended that tests for 
lupus erythematosus be carried out at regular 
intervals in patients receiving maintenance 
procainamide therapy. 


ADVERSE REACTIONS 
Hypotension following oral administration is rare. 


Large oral doses of procainamide may sometimes 
produce anorexia, nausea, urticaria, and/or pruritus. 


A syndrome resembling lupus erythematosus has 
been reported (see PRECAUTIONS). Reactions 
consisting of fever and chills have also been 
reported, including a case with fever and chills 
plus nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic 
oxaloacetic transaminase following single doses of 
the drug. Bitter taste, diarrhea, weakness, mental 
depression, giddiness, and psychosis with 
hallucinations have been reported. The possibility 
of such untoward effects should be borne in mind. 


Hypersensitivity reactions, such as angioneurotic 
edema and maculopapular rash have also occurred. 


Agranulocytosis has occasionally followed the 
repeated use of the drug, and deaths have 
occurred, Therefore, routine blood counts are 
advisable during maintenance procainamide 
therapy. The patient should be instructed to 
report any soreness of the mouth, throat, or gums, 
unexplained fever, or any symptoms of upper 
respiratory tract infection. If any of these should 
occur, and leukocyte counts indicate cellular 
depression, procainamide therapy should be 
discontinued and appropriate treatment should 
be instituted immediately. 


DOSAGE AND ADMINISTRATION 

Procan SR tablets are a sustained-release product 
form. The duration of action of procainamide 
hydrochloride supplied in this sustained-release 
product form allows dosing at intervals of every six 
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hours instead of the more frequent every three hour 
dosing interval required for standard preparations 
of oral procainamide hydrochloride. The convenient 
six-hour dosing schedule may encourage patient 
compliance. 


Ventricular tachycardia — Treatment with standard 
procainamide hydrochloride is recommended until 
the tachycardia is interrupted or the limit of 
tolerance is reached, Maintenance may then be 
continued with Procan SR. 


The suggested dosage is as follows. An initial dose 
of 1 g of standard procainamide hydrochloride 
followed thereafter by a total daily dosage of 50 
mg/kg of body weight given at three hour intervals. 
The suggested oral dosage for premature 
ventricular contractions is 50 mg/kg of body weight 
daily given in divided doses at three hour intervals. 


The suggested maintenance dosage of Procan SR is 
50 mg/kg of body weight daily given in divided 
doses at six hour intervals. 


Although the dosage for each patient must be 
determined on an individual basis, the following 
may be used as a guide for providing the total daily 
dosage: patients weighing less than 55 kg (120 Ib), 
0.5 g every six hours; patients weighing between 
55 and 91 kg (120 and 200 Ib), 0.75 g every six 
hours; and patients weighing over 91 kg (200 Ib), 1 
9 every six hours. 


Atrial fibrillation and paroxysmal atrial tachycardia 
— Treatment with standard procainamide hydro- 
chloride is recommended until the arrhythmia is 
interrupted or the limit of tolerance is reached. 
Maintenance may then be continued with 

Procan SR. 


The suggested dosage is as follows. An initial dose 
of 1.25 g of standard procainamide hydrochloride 
may be followed in one hour by 0.75 g if there have 
been no electrocardiographic changes. Standard 
procainamide hydrochloride may then be given ata 
dosage of 0.5 g to 1 g every two hours until 
interruption of the arrhythmia or the tolerance limit 
is reached. 


The suggested maintenance dosage for Procan SR 
is 1 g every six hours. 


If procainamide therapy is continued for appreciable 
periods, electrocardiograms should be made 
occasionally to determine the need for the drug. 


HOW SUPPLIED 


N 0071-0202 Procan SR 250 mg. Each sustained- 
release tablet contains 250 mg procainamide 
hydrochloride. Available in bottles of 100 tablets. 


N 0071-0204 Procan SR 500 mg. Each sustained- 
release, scored tablet contains 500 mg procain- 


amide hydrochloride. Available in bottles of 
100 tablets. 
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Wilson Greatbatch Ltd. has We are experienced professionals 
assisted pacemaker manufac- dedicated to the development of 
turers in helping over !/3 million implantable power systems, 
people start a new life. We are responding to the demands of 
proud of being the leading the medical device industry 


source of implantable energy in while continuing to uphold the 













a young, vital industry. Greatbatch reputation for reliability. 
We keep our customers informed — t 
Wilson Greatbatch Ltd. sends out in-depth, (sex AT periodic status reports and lecture material 
short and long term test programs for all 4/ |  . is designed to keep the pacemaker industry 
WG battery models, on a timely basis. . fully informed on our current developments 
This cell performance data, combined with - | in power sources. 
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While the etiology of atherosclerosis 
and coronary heart disease involves 
many factors...“Cholesterol seems to 
be the thread running through the web 
of circumstances culminating in a clini- 
cal atherosclerotic event.”* 

A diet that includes Puritan Oil has 
been clinically proven effective in re- 
ducing serum cholesterol. 


Puritan Oil-superior in 
polyunsaturates to corn oil 


Puritan Oil is made principally from 
highly polyunsaturated sunflower oil. 
Puritan provides polyunsaturate levels 
superior to those of corn oil, the pre- 





a proven ingredient 


of cholesterol management 
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vious standard in a cholesterol-man- 
agement diet. 


A comparison of polyunsaturate levels 
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Unsurpassed culinary appeal helps en- 
courage patient compliance 

Light taste and unsurpassed culinary 
performance encourage patient com- 
pliance in successful long-term dietary 
management. 

*Kannel, W.B.: The role of cholesterol in coronary 


atherogenesis, Med. Clin. North Am. 58:363-379, 
1974. 
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Programalith 6 is —— 
the full six -parameter 
interrogatable, programmable 
pacemaker. In conjunction with 
the Programmer, Programalith 6 
provides the physician with 

the means for comprehensive 
paced-patient management 
while obviating many common 
reasons for invasive pacing 
system revision. 
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Pacesetter” 
Systems, Inc. 
PROGRAMALITH 3 
PROGRAMMABLE 


INTERROGATABLE 
PULSE GENERATOR 


MODEL 222-3 
VVI BIPOLAR 






For less critical SE 
applications, Programalith 3 
provides the physician with 
the same basic interrogation 
capabilities as Programalith 6. 
as well as three programming 
functions —pacing rate, pulse 
width and sensitivity — all witl 
multiple options. 


Only after you have reached the ultimate in sophistication can you truly simpli 
This new 6-3-1-0 family of Programalith® Interrogatable™ pacemakers is ide 
demonstration of that fact. It is the most flexible system ever offered the physicia 
Even the simplest of these four pulse generators offers the all-important Pacesett 
exclusive: a simple method of calculating years of remaining battery capaci 

as well as an accurate determination of possible problems and their locatio 
through measurement by interrogation of lead and heart interface impedanc 





complete Family 
Pacemakers. 
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PULSE GENERATOR 


MODEL 221 --1 
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For simplest applications, 


nterrogates and programs a Programalith 0 requires no programming, 
ingle parameter - pacing rate — yet can still be interrogated for all measured 
lowing the physician to choose data, providing invaluable assistance in lon; 
rom 12 different options and term patient management. 


rovides the all-important 
nterrogation function 
S well. 











ttery impedance and battery current. Part of the 
xibility of this new system derives from the 
mplete integration of all units with the one single 
ogrammer the physician will ever need - 
eone Pacesetter supplies to you with the first 
plant of any one of these pacers. | 
! wonder they call us Pacesetter. 








Pacesetter speaks your language. 





rn on the programmer. The display Press “Interrogate " button. Telemetry Any individual parameter may be Effect programming by pressing the 
reen flashes and then fully illumi- confirmation of programmed settings selected for change. Press the button "Program button directly below the 
tes as the programmer performs a and measured data will appear on the next to the desired parameter. The appropriate column. When confirmit 
stem self-check. display screen. programmable alternatives will flash. telemetry is received, the new value 
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With Programalith 

you can determine 2 
all parameters 

affecting pacemaker 2 

performance and 
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Congenital Hypoplasia of Portions of Both Right and 
Left Ventricular Myocardial Walls 


Clinical and Necropsy Observations in Two Patients With 


Parchment Heart Syndrome 
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Clinical and morphologic findings are described in two patients with 
congenital hypoplasia of portions of both right and left ventricular free walls 
in the absence of associated coronary or valvular heart disease. One, a 
61 year old man who had never had clinical evidence of cardiac dys- 
function, died suddenly and unexpectedly. The second, a 55 year old 
woman, died of progressive, eventually intractable congestive heart failure 
of 29 months' duration. Although at least 22 necropsy patients have 
previously been reported to have “parchment-like”’ thinning of portions 
of the right ventricular free wall, only one patient has previously been 
described with such thinning of portions of both right and left ventricular 
free walls. The spectrum of right or right and left ventricular wall congenital 
hypoplasia is a broad one, with nearly half of described patients dying of 
congestive heart failure in the 1st year of life and the other half reaching 
adulthood with or without manifestations of cardiac dysfunction. 


Partial to near complete absence of right ventricular myocardium 
(“parchment heart") with normal cardiac valves and normal or near 
normal coronary arteries has been reported in at least 22 necropsy pa- 
tients (Table I),!-?? only one of whom had associated thinning of the left 
ventricular free wall. In the report that follows, cardiac findings are 
described in two patients who had localized thinning of portions of both 
right and left ventricular free walls unassociated with coronary narrowing 
or abnormal cardiac valves. In addition, cardiac findings are summarized 
in previously described patients with the “parchment heart.” 


Description of Patients 


Case 1 


This was a 61 year old black man who died in August 1978. He had been well 
until the day of death when he complained of abdominal pain after consuming 
large quantities of alcohol the preceding day. While at home, he suddenly raised 
his arms, gasped for breath, collapsed and was dead. He had never had symptoms 
of cardiac dysfunction. A brief examination 5 years before death, at the time of 
a minor head injury, disclosed his blood pressure to be 130/70 mm Hg. No cardiac 
abnormalities were detected on precordial examination. 

Necropsy findings: The heart weighed 350 g. A portion of the anterior wall 
of the right ventricular outflow tract was thin (Fig. 1) and histologic study re- 
vealed few myocardial fibers (Fig. 2). A similar area of thinning that bulged in- 
volved the apical portion of the left ventricle (Fig. 1). The wall of the thinned 
left ventricular apex contained a few myocardial fibers (Fig. 3). The four major 
epicardial coronary arteries (right, left main, left anterior descending and left 
circumflex) were virtually free of atherosclerotic plaque. 


Case 2 


This 55 year old white woman, who died in December 1979, had been well until 
July 1977 when she noted exertional epigastric distress, easy fatigability and, 
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FIGURE 1. Case 1. Drawings of the 
heart showing the thinned portions of 
myocardium of the right ventricular 
outflow tract and left ventricular apex. 
LV = left ventricle; RV = right ven- 
tricle. 


FIGURE 2. Case 1. Photomicrographs of the thinned right 
ventricular outflow tract. Lower power view (a) and higher 
magnification view (b) of the boxed area, showing a few 
myocardial fibers. PT = pulmonary trunk; PV = pulmonary 
valve; RV = right ventricle. (Movat stain X4 [a] and X55 [b], 


both reduced by 20 percent.) 
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FIGURE 3. Case 1. Opened left ventricle (LV) showing the thinned apical portion (a and b). A close-up of the boxed area in b is shown in c. Relatively 
few myocardial fibers remain. (Movat stains X10 [b], and X55 [c], both reduced by 20 percent.) 


subsequently, swelling of her abdomen and legs. She had ex- 
ertional dyspnea but no orthopnea or nocturnal dyspnea. 
Diuretic therapy provided little improvement. On examina- 
tion in February 1978, she was 157.5 cm tall, weighed 54 kg, 
and the blood pressure: was 115/80 mm Hg without significant 
paradox. The venous pressure was markedly elevated with a 
rapid diastolic collapse. A right ventricular impulse was pal- 
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pated and a third heart sound and soft pansystolic murmur 
of maximal intensity at the cardiac apex were audible. The 
liver and spleen were enlarged, tense ascites was evident and 
the legs were edematous. The chest was clear. 

Laboratory findings: Hematologic and biochemical in- 
vestigations were normal except for slight degrees of hypoal- 
buminemia and hyperbilirubinemia. A chest roentgenogram 


FIGURE 4. Case 2. Echocardiogram showing 
a scan from the aorta (at right) to the left 
ventricular (LV) cavity (at left). The right ven- 
tricle (RV) is dilated and the ventricular septum 
(VS) moves paradoxically (arrow). The post- 
N, erobasal left ventricular free wall (PW) appears 
er DT thinner than the septum and is hypokinetic. The 
PCR left atrium (LA) is slightly dilated. MV — mitral 
ENTUM valve. 


oe 
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disclosed cardiomegaly and clear lungs. An electrocardiogram 
revealed sinus rhythm, occasional supraventricular ectopic 
complexes, low voltage, incomplete right bundle branch block 
and changes compatible with old posterior myocardial infarct. 
An echocardiogram (Fig. 4) showed an enlarged right ventricle 
with paradoxical septal movement, a slightly enlarged left 
atrium and a thinned and hypokinetic posterobasal left ven- 
tricular free wall. 

On cardiac catheterization, the cardiac pressures (in mm 
Hg) were: pulmonary artery, 28/20; right ventricle, 28/15 
(mean 21); right atrial a wave, 22, v wave, 28 and mean, 22 
(Fig. 5); left ventricle, 120/0 and aorta 120/65. The left ven- 
triculogram disclosed a normal-sized chamber, an ejection 
fraction of 64 percent, akinesia of the posterobasal wall, and 
slight mitral regurgitation. Selective coronary arteriography 
revealed normal arteries. The right ventriculogram showed 
a dilated cavity with hypokinesia, most marked in the post- 
erobasal and outflow portions. 

Operative findings and course: To rule out pericardial 
disease, the patient underwent thoracotomy in March 1978. 
The pericardial layers were normal, and the sac contained 300 
to 400 ml of serous fluid. The right atrial wall was hypertro- 
phied; the right ventricle was dilated and contracted poorly. 
In several areas the right ventricular wall was extremely 
thin. 

Postoperatively, the marked fatigue persisted. By August 
1978, further cardiomegaly by roentgenogram and a right 
pleural effusion (transudate) were evident. In November 1979 
she was rehospitalized with anasarca, oliguria and hypoten- 
sion. She died in December 1979 from intractable heart failure 
complicated by atrial and ventricular arrhythmias. 

Necropsy findings: The heart weighed 320 g. The wall of 
the right ventricular outflow tract and apex was “paper thin” 
and contained few myocardial fibers (Fig. 6). The posterobasal 
portions of both right and left ventricular free walls also were 
thinned, but more myocardial fibers surrounded by fibrous 
tissue were present in this portion of right ventricular free wall 
and a layer of myocardium was present beneath the endo- 
cardium in the thinned portion of left ventricular free wall. 
The right atrium, right ventricle and tricuspid valve anulus 
(12.5 cm in circumference) were dilated and the right atrial 
wall was hypertrophied. Several mural thrombi were present 
in the right ventricle and right atrium. All major coronary 
arteries were free of atherosclerotic plaques. 


FIGURE 6. Case 2. Drawings of the heart showing thinned por- 
tions of right (RV) and left ventricular (LV) walls. Thrombi are 
present in the right atrial and right ventricular cavities. 
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FIGURE 5. Case 2. A, simultaneous left ventricular (LV) and right ven- 
tricular (RV) pressures. The right ventricular end-diastolic pressure is 
elevated and the dip-end-plateau configuration in early diastole is 
present. B, high right atrial (RA) pressure with rapid y descent. 


Comments 


Each of these two patients had severe thinning of 
portions of the right and left ventricular free walls and 
each had normal coronary arteries and normal cardiac 
valves. One, a 61 year old man, had been asymptomatic 
all his life and died suddenly, and at necropsy the only 
abnormality was the localized deficiency of ventricular 
myocardium. The second patient, a 55 year old woman, 
had been asymptomatic until age 53 when congestive 
heart failure appeared; it became intractable and 
eventually fatal. The latter patient had a much larger 
loss of right ventricular myocardium than did the for- 
mer patient; the amount of deficient left ventricular 
myocardium was roughly similar in each, although lo- 
cated at different sites. 

Previously reported cases of thinning of the right 
ventricular wall: Osler!’ in 1905 was the first to de- 
scribe a patient with “parchment-like” thinning of a 
ventricular wall in the absence of coronary or valve 
disease. His patient was believed to be a man in his 40s 
who died suddenly and unexpectedly while walking up 
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a hill. At necropsy, the localized thinning involved 
portions of both ventricular walls as was the case in our 
two patients. Segall!® in 1950 described in more detail 
the patient briefly referred to by Osler in the 1905 edi- 
tion of his textbook. The second patient reported to 
have a parchment-like heart was a 23 year old woman 
who had chronic, eventually fatal congestive heart 
failure for nearly 1 year. This patient, reported on in 
May 15, 1952 in The New England Journal of Medi- 
cine,!? was similar to our Patient 2. The third patient 
was described in 1952 by Uhl.? His patient was a 7 
month old girl who had evidence of severe right-sided 
congestive heart failure and severe thinning of most of 
the right ventricular wall. Uhl's paper was entitled: “A 
previously undescribed congenital malformation of the 
heart: almost total absence of the myocardium of right 
ventricle." Since his report most authors describing 
patients with “parchment-like” thinning of the wall of 
right ventricle have referred to this condition as '*Uhl's 
anomaly." It is true that Uhl was the first to describe a 
child with a parchment-like right ventricular wall, but 
he was preceded in describing this condition by Osler,!" 
Segall,!? and Castleman and Sprague!? whose publi- 
cations on this subject were overlooked by Uhl. Because 
Osler's description appeared only in a textbook, it is 
understandable how his description could have been 
missed. Overlooking Segall's report or possibly Castle- 
man and Sprague's clinicopathologic conference in The 
New England Journal of Medicine is less under- 
standable. We believe it best to eliminate the eponym 
for this condition, which we prefer to call “congenital 
hypoplasia of ventricular myocardium." 

Clinical features: Since 1952, at least 21 additional 
patients with parchment-like thinning of portions of 
right ventricular free wall have been reported!-?? (Table 
I). Surprisingly, the myocardial thinning in each was 
limited to the right ventricular wall and none had in- 
volvement of both ventricular free walls as did our two 
patients. One,!6 however, also had thinning of the ven- 
tricular septum. 'T'he described patients fall neatly into 
two age groups: those aged 5 years and younger!-!? and 
those over age 15 years.!!-?? Of the 22 previously de- 
scribed patients, 8 were under age 1 year,!-? 1 was 15 
months old,’ 1 was 5 years old!? and the remaining 12 
patients were 17 to 84 years old.!!-?? In all 10 patients 
aged 5 years and under, congestive heart failure was 
clinically evident from birth and it became intractable 
and fatal. Of the 12 patients over age 15 years, 8 had 
chronic congestive heart failure, which was the cause of 
death in 5. Not all patients with parchment-like 
thinning of the right ventricular wall in the absence of 
coronary and valve disease have congestive heart failure 





or other clinical evidences of cardiac dysfunction. The 
66 year old man reported on by Gould et al.?! and the 
84 year old woman reported on by Sugiura et al.?? never 
had evidence of cardiac dysfunction and died from 
noncardiac conditions. Two of the older patients, as did 
our Patient 1, died suddenly.! 7.18.20 

Hemodynamic and angiographic features: He- 
modynamic studies have been reported in 656:11.12,14,16 
of the 22 previously described patients and in 1 of our 
2 patients. All seven had normal pulmonary arterial and 
right ventricular systolic pressures. However, the right 
ventricular end-diastolic pressure, (measured in six 
patients, was elevated in each (range 12 to 22 mm Hg). 
The right atrial pressure (measured in six pa- 
tients)^6.1.1214 was also elevated in each, with the mean 
pressure ranging from 8 to 28 mm Hg. In all but one 
patient,!6 the pulmonary arterial and right ventricular 
end-diastolic and right atrial mean pressures were the 
same or nearly the same. In our Patient 2, the similarity 
of these three pressures led to thoracotomy to rule out 
pericardial constriction. This patient was the only one 
of the seven patients who also had determination of left 
ventricular pressures, which were normal. Cardiac index 
(measured in three patients)^9:16 was severely depressed 
(1.3, 1.7, and 1.8 liters/min per m?, respectively). Thus, 
parchment-like thinning of the right ventricular wall 
may cause equalization of pulmonary arterial, right 
ventricular end-diastolic and mean right atrial pressures 
and severe depression of cardiac output. Right ven- 
tricular angiography performed in five of the seven 
patients, ^91214 disclosed poor contractility of the 
ventricle in each, dilatation of this chamber in each with 
or without localized aneurysmal formation and focal or 
diffuse thinning of its wall, tricuspid valve regurgitation 
in one,'® and right atrial dilatation in three pa- 
tients. 46.12 

Differential diagnosis: Clinically, the differential 
diagnosis of congenital hypoplasia of the right ventric- 
ular myocardium includes Ebstein’s anomaly of the 
tricuspid valve, idiopathic dilated cardiomyopathy and 
pulmonary or tricuspid valve atresia. The echocardio- 
gram is useful in distinguishing congenital hypoplasia 
of the right ventricular myocardium from Ebstein's 
anomaly?? by the presence of a dilated right ventricular 
cavity (as in our Case 2), delayed tricuspid valve closure, 
and diastolic opening of the pulmonary valve in patients 
with the former.?? Angiographically, dilatation of the 
right ventricular cavity may not be useful in differen- 
tiating idiopathic dilated cardiomyopathy from con- 
genital hypoplasia of the right ventricular myocardium, 
but the presence of left ventricular dilatation obviously 
favors the diagnosis of cardiomyopathy. 
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A 25 year old woman with effort intolerance and systemic venous con- 
gestion since childhood, and restrictive ventricular filling and severe 
atrioventricular (A-V) valve regurgitation at cardiac catheterization died 
after valve replacement surgery. At autopsy, the atria were enlarged and 
thickened; both ventricles were small. In some areas the right ventricular 
wall was only a few myofibers thick. The myofibers of both ventricles were 
hypertrophied, and there was widespread fiber disarray in the left ven- 
tricular free wall, the interventricular septum and, focally, the right ven- 
tricular free wall. Because the ventricles were not enlarged or thickened 
despite myocardial fiber hypertrophy and severe chronic A-V valve 
regurgitation, and the myofiber disarray was widespread, this is a very 
unusual case of biventricular hypoplasia and dysplasia. 


In this report we describe an unusual case of cardiac biventricular hy- 
poplasia and dysplasia with restrictive ventricular dysfunction, atrio- 
ventricular (A-V) valve incompetence and marked enlargement of the 
atria. Although the right ventricle was thinned to only a few myofibers 
in some areas, it contained functioning myocardium,!? and thus this case 
differs from Uhl’s anomaly. Despite histologic evidence of hypertrophic 
cardiomyopathy?-? and severe chronic A-V valve regurgitation, the 
ventricles were not enlarged or thickened and are thus considered hy- 
poplastic. 


Case Report 


A 25 year old white woman had dyspnea and fatigue from early childhood. Initial 
cardiac catheterization at age 6 years revealed the following pressure measure- 
ments (in mm Hg): pulmonary capillary wedge 20, pulmonary arterial 35/20 
and right ventricular 35/6. Systemic arterial oxygen saturation was 98 per- 
cent. Reevaluation at age 21 years because of syncope and venous congestion 
disclosed a large pericardial effusion. Removal of 825 ml of pericardial fluid by 
pericardiocentesis produced a transient decrease in systemic venous congestion 
but did not reveal the cause of the effusion. Two months later, because of the 
possibility of recurrent pericardial effusion, a median sternotomy was performed. 
The right atrium was found to be grossly enlarged and thickened. The right 
ventricle was described as smaller than normal. Biopsy of the pericardium 
yielded normal findings. Although only a small amount of pericardial fluid was 
present, a pericardial window was created into the right pleural space. Postop- 
erative cardiac catheterization revealed the following pressure measurements 
(in mm Hg): left ventricular 100/20, pulmonary arterial 38/25, right ventricular 
38/18 and mean right atrial 18. Although the patient was treated with digitalis 
and several antiarrhythmic agents, she had multiple episodes of atrial tachy- 
cardia and atrial flutter with variable atrioventricular (A-V) block. Recurrent 
syncope and one documented episode of 4:1 A-V block prompted placement of 
a right ventricular endocardial demand pacemaker. Because of progressive 
systemic venous congestion and marked effort intolerance unresponsive to 
treatment with digitalis and diuretic agents, she was referred to the University 
of Alabama Medical Center. 
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Clinical findings: On physical examination, she was a thin, 
chronically ill woman weighing 45 kg with peripheral cyanosis 
and no clubbing. Heart rate was 74 beats/min; blood pressure 
90/60 mm Hg; respiratory rate 20/minute. There was mild 
lumbar scoliosis. The lungs were clear. The jugular venous 
pressure was elevated with a prominent v wave. There was no 
palpable apical impulse, but there was a left parasternal im- 
pulse. The first heart sound was accentuated and the second 
heart sound was closely split and accentuated in the pulmo- 
nary area. There was a prominent third sound, a grade 1/6 
diastolic rumble at the left sternal border that increased with 
inspiration, and a grade 2/6 pansystolic murmur at the left 
sternal border and the apex. The liver was enlarged, palpable 
4 cm beneath the right costal margin. There was mild pe- 
ripheral edema. 

The electrocardiogram revealed atrial tachycardia with 2:1 
A-V block and right ventricular conduction delay. Hematocrit 
was 41 percent. A thallium-201 perfusion scan at rest showed 
both ventricles to be small with uniform uptake of radionu- 
clide. 

Cardiac catheterization demonstrated the following 
pressures (in mm Hg): right atrial 18 (v wave 25); right ven- 
tricular 35/18, pulmonary arterial 35/18, pulmonary capillary 
wedge 18 (v wave 35), left ventricular 105/18 and aortic 105/69. 
Simultaneous measurements of right and left ventricular 
pressures showed end-diastolic equalization with an early 
diastolic dip and a mid and late diastolic plateau (Fig. 1). 
Arterial oxygen saturation was 97 percent, and the cardiac 
index, obtained with the Fick method was 1.17 liter/min per 
m^. 

Biplane right and left ventricular cine angiography (Fig. 
2) demonstrated intact atrial and ventricular septa. T'he small 
left ventricle (end-diastolic volume 56 ml/m?) had a normal 
contraction pattern but there was severe mitral regurgitation 
into an enlarged left atrium. Similarly, the right ventricle was 


FIGURE 2. Right (RV) and left ventric- 
ular (LV) angiograms in the 45? left 
anterior oblique, 30? cranial projection. 
The levels of the tricuspid (left) and 
mitral (right) valve anuli are shown with 
triangles. Both ventricles are small in 
comparison with the enlarged right (RA) 
and left (LA) atria. AO = aorta; CS = 
coronary sinus; IAS = interatrial sep- 
tum; IVS = interventricular septum; PA 
= pulmonary artery. 
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FIGURE 1. Simultaneously recorded left (LV) and right ventricular (RV) 
pressures show a diastolic dip and plateau pattern with late diastolic 
equalization of pressures. ECG = electrocardiogram. 


small (end-diastolic volume 69 ml/m?) with mildly diminished 
contraction. The tricuspid valve was in the normal position 
and severely incompetent. The right atrium was enormously 
enlarged. Early in diastole, the ventricles expanded rapidly 
but without further filling during the latter two thirds of 
diastole. 

Operation: The preoperative diagnosis was severe tricuspid 
and mitral regurgitation with restrictive ventricular physi- 
ology due, it was hoped, to surgically resectable subendo- 
cardial fibrosis or pericardial constriction. At operation the 
pericardium was normal. Both atria were severely enlarged, 
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FIGURE 3. Gross photograph of right atrium and right ventricle. The 
right atrium (top) is greatly enlarged and shows a diffusely thickened 
endocardium. The tricuspid valve has been removed surgically. The 
right ventricle is small. The denuded area on the interventricular septum 
(left) is where the endocardium had been surgically removed. (X1, re- 
duced by 38 percent.) 


the ventricles were small and there was no subendocardial 
fibrosis. A focal area of endocardial thickening in the inter- 
ventricular septum of the right ventricle was removed. The 
mitral and tricuspid valve tissue appeared normal, although 
the valves were severely incompetent. They were resected and 
replaced with heterograft valves. Although intensive support 
was given, the patient died soon after operation. 

Autopsy: Abnormalities in the postmortem examination 
were limited to the liver and heart. The liver showed marked 
fibrosis suggesting cardiac cirrhosis. The heart weighed 275 
g. Both atria were greatly enlarged with hypertrophied mus- 
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FIGURE 4. Photomicrograph of right ventricle; epicardium is at top. 
Clear spaces at bottom and middle of micrograph are recesses of the 
ventricular lumen. Right ventricular wall, adjacent to epicardial fat, is 
thinned to as few as two myofibers in some areas. (Gomori trichrome 
X460, reduced by 29 percent.) 
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cular walls and diffuse endocardial thickening. The ventricles 
were small. The right and left ventricular endocardium ap- 
peared normal except for the denuded area in the right ven- 
tricular inlet septum where thickened endocardium had been 
surgically removed. The tricuspid anulus was dilated, mea- 
suring 13 cm in circumference (Fig. 3). The right ventricular 
wall thickness was normal (3 mm); however, there were deep 
recesses between trabeculae carneae producing very thin areas 
in the right ventricle. Histologic sections (Fig. 4) of the right 
ventricle showed numerous focal areas of fiber disarray and 
deep recesses of the ventricular cavity into the myocardium 
with the wall only a few myofibers thick. Myofibers in the right 
and left ventricles were hypertrophied as evidenced by their 
width and the presence of large hyperchromatic nuclei and 
binucleated fibers. The left ventricular maximal wall thickness 
was 8 mm. The interventricular septum was not thickened and 
the mitral anulus was dilated, measuring 11 cm in circum- 
ference. The left ventricular muscle histologically showed 
widespread fiber disarray (Fig. 5). Neither ventricle mani- 
fested an increase in interstitial fibrous tissue. The semilunar 
valves, coronary arteries, specialized conduction tissue and 
resected A-V valves were normal. 


Comments 


This young woman had cardiac symptoms and ab- 
normal intracardiac pressures from early childhood. By 
her early 20s, her exercise tolerance was severly im- 
paired by systemic venous congestion and greatly re- 
duced cardiac output. The hemodynamic findings were 
those of restrictive cardiomyopathy with equalization 
of diastolic pressures, a ventricular diastolic dip and 
plateau pattern, and cessation of ventricular filling after 
the first third of diastole. The ventricles were small, 
much smaller than would be expected with severe 
chronic tricuspid and mitral regurgitation. 'The cause 
of the pericardial effusion present 4 years before death 
is not clear, but subsequently the pericardium was 
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FIGURE 5. Photomicrograph of left ventricle, anterior free wall, hori- 
zontal section; epicardium is at top. Myofibers show an interlacing 
fascicular pattern. Inset at lower right shows marked fiber disarray found 
in interventricular septum. (Gomori trichrome X310 [inset X690], re- 
duced by 29 percent.) 
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normal and was not contributing to the hemodynamic 
abnormalities before death. 

Congenital hypoplasia of both ventricles: The 
unusual autopsy findings of a very thin-walled right 
ventricle with hypertrophied disordered fibers and a 
small left ventricle with marked fiber disarray and hy- 
pertrophy suggest that the underlying problem was 
congenital hypoplasia of the ventricles. We believe that 
the congenitally small and dysplastic ventricles had 
hypertrophied and dilated to their maximal extent and, 
despite severe chronic A-V valve incompetence, had not 
increased to even average size. The small ventricles with 
decreased ventricular compliance, probably due to ex- 
tensive myofiber disarray, resulted in the restrictive 
physiology. The increased resistance to ventricular 
filling led to atrial and A-V valve anular dilation, re- 
sulting in mitral and tricuspid regurgitation that further 
enlarged the atria. The marked atrial overload predis- 
posed the patient to atrial arrhythmias. The small 
dysplastic ventricles were unable to maintain an ade- 
quate forward cardiac output. 

This condition has not previously been reported. The 
right ventricular hypoplasia differs from Uhl's anomaly 
in which there is absence of right ventricular myocar- 
dium.^? Our patient's right ventricle, although quite 
thin in some areas, did contain functioning myocardium 
and did contract. In Uhl's anomaly, the right ventricle 
without functioning myocardium forms a passive con- 
duit from the actively pumping right atrium to the 
pulmonary circulation.? 

Left ventricular fiber disarray or dysplasia: Our 
patient also had an abnormal left ventricle. Although 


the ventricle was small in size and thickness, the myo- 
cardial fibers were hypertrophied and showed marked 
widespread fiber disarray or dysplasia. This very diffuse 
pattern of fiber disarray and hypertrophy occurs in 
hypertrophic cardiomyopathy with asymmetric septal 
hypertrophy.?-? It may be limited to the interventricular 
septum in patients with outflow tract obstruction or, as 
in our patient, may occur in both the interventricular 
septum and in the free wall in patients with nonob- 
structive hypertrophic cardiomyopathy.? Because the 
ventricles of our patient were small and not thickened 
we do not believe that this case represents a hypertro- 
phic cardiomyopathy. Similar fiber disarray also occurs 
in the ventricle proximal to congenital semilunar valve 
stenosis with intact ventricular septum,9? but perhaps 
less extensively than in our patient or in patients with 
hypertrophic cardiomyopathy.^? This abnormal ar- 
rangement of the ventricular fibers may occur as a re- 
sponse to abnormal isometric cardiac contraction. The 
marked degree of fiber disarray in our patient was 
probably congenital, perhaps augmented by abnormal 
regional wall stress. 

We believe that this case represents a very unusual 
congenital biventricular hypoplasia with fiber hyper- 
trophy and disarray that resulted in restrictive physi- 
ology, severe A-V valve regurgitation, systemic venous 
congestion and impaired cardiac output. 
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Immanuel Medical Center is an all-new 615-bed 
health care complex including Hospital, Physi- 
cal Medicine and Rehabilitation Center, 
Community Mental Health Center, 
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Nursing Home, Center for 
Continuing Education, 
Motel, and Physicians’ 
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Ultra Imager 


The only integrated digital echocardiography system with all three major 
modalities for complete ultrasound diagnosis: 

e Repeatable Pulsed Doppler 

* 2D Real-time 

* M-mode 


This pulsed Doppler display is a precise, quantitative representation of a spectrum of blood velocities in the pulmonary artery. The Ultra Imager's 
unique method of Doppler signal analysis ensures repeatable diagnostic images never before available in any clinical ultrasound system. 
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Three complementary imaging 
modalities: 

e Pulsed Doppler 

e Real-time 

e M-mode 


On a single video display, the Ultra 
Imager presents enhanced 2D sector 
scans, M-mode images or pulsed 
Doppler data. These three imaging 
modalities are combined in ways that 
yield more diagnostic information than 
ever before. For example, you can 
change instantly from one mode to 
another by pressing a button—or use a 
cursor on a 2D image to determine the 
placement of an M-mode recording. 


The Ultra Imager's multiprocessor sys- 
tem puts cursors and image controls at 
your fingertips. It also places graphics 
and alphanumeric messages on the 
screen to make every examination fas- 
ter and easier. 


The Ultra Imager also provides diagnostic 
quality physiological signal conditioning. 
Every system includes an ECG channel 
and can accommodate optional 
pulse/phono and respiration channels. 


Cost-effectiveness built into the Ultra 
Imager System 


The Ultra Imager offers many cost-effec- 
five features that enhance its value to car- 
diology practice. The mechanical sector 
scan was selected for the system 
because it offers superior performance in 
2D/Doppler imaging at lower cost. In 
addition, it will permit ready adaptation to 
future transducer technologies. 


Ease of maintenance is again achieved, 
along with greater electronic stability, by 
comprehensive digital processing through- 
out the system. Integrated design of the 
Ultra Imager avoids the cabling connec- 
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tions and duplicated components asso- 
ciated with the "stacked box" approach. 


The system's digital scan converter 

(image memory) provides you with non- 
fade displays and gives you instantaneous 
freeze-frames in any mode without flicker- 
ing or fading. These advanced display 
capabilities facilitate diagnostic review and 
the measurement and recording of scan 
data. 


The unique Auto-Test feature of the Ultra 
Imager allows the system to test itself for 
failures. If a failure exists, an appropriate 
indicator light signals the source of the 
failure. This simplifies servicing of the 
instrument. 


Human engineered with unique 
operator convenience features 


Through careful attention to human engi- 
neering details, we have made a sophisti- 
cated imaging system easy to operate. 





For instance, both the monitor and pri- 
mary control panel are on a movable 
gantry that can be positioned near the 
patient for ease of use and viewing. This 
makes system controls conveniently 
accessible to the operator while at the 
patient's bedside. 


The Ultra Imager also includes an audio- 
visual self-teaching feature which employs 
the system's videotape recorder to play 
training programs produced by E for M/ 
Honeywell. This convenient feature 

makes staff training a much simpler 
procedure. 


For operator convenience, all displays can 
be viewed easily even in a daylit room. 
There is also built-in storage space for 
gels, tissues, paper and other supplies. 
Because the cart is compact and easily 
maneuvered, it can be moved wherever 
needed. 


Operator can position the transducer 
and be within convenient reach of all 
necessary scan controls. 


Cardiologist can perform off-line data 
analysis while listening to voice anno- 
tations recorded by the operator. 


Audiovisual self-teaching feature facil- 
itates training of new personnel. 


A versatile imaging 
system that offers more 
diagnostic information 
and greater clinical 
utility. 


Today the key to diagnostic value in an 
echocardiography system is the availabil- 
ity of accurate and repeatable pulsed 
Doppler images. The Ultra Imager offers 
you this plus the complementary imaging 
capabilities you need to perform cardiac 
examinations. 


Using a sophisticated spectral analysis 
technique called Fast Fourier Transform 
(FFT) the Ultra Imager can process 
Doppler blood velocity data in real time 
without the need for an operator fo cali- 
brate gain and threshold settings. This 
makes quantitation of blood flow patterns 
and flow rates throughout the heart a 
much simpler clinical procedure. 


The Ultra Imager's built-in versatility is 
made possible by a unique, dedicated 
array processor designed to handle the 
high-speed computations required for 
repeatable Doppler imaging. The comput- 
ing power of this separate processor 
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makes it possible to combine accurate 
blood velocities with 2D imaging dato to 
provide the essential measurements for 
determining stroke volume and cardiac 
output. The Ultra Imager is the only 
2D/Doppler System available offering this 
level of diagnostic versatility. 


Honeywell's new LS-8 recorder is a ston- 
dard system feature. It allows you to make 
a hard copy of the display with full gray 
scale reproduction and high resolution. 
You can select page print or strip chart 
modes and get crisp, black-on-white rec- 
ords with immediate dry processing. 


High quality videotaped images are 
formatted to allow off-line data analysis 
on playback images. This storage feature 
allows both physician and operator to 
conduct diagnostic reviews when it is 
most convenient. 
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The E for M/Honeywell Commitment Service 
E for M/Honeywell has a special commit- The Ultra Imager is supported in the field 


ment to cardiology. Because we've by our own specially trained ultrasound 
worked with you for over 30 years, we service technicians. Because there are 
know the kind of service and performance over 40 service locations in the US. alone, 
you demand from a medical instrument E for M/Honeywell service is fast and 
company. Over the years, we've developed responsive. A toll-free number connected 
a professional rapport which has led to to the Ultra Imager Support Center makes 
the development and manufacture of service available 24 hours a doy. 

many of the best-engineered, high per- 

iride sila in the école The Ultra Imagers Auto-Test feature further 
field. The Ultra Imager is one more exam- minimizes downtime by pinpointing any 
ple of this continuing commitment to failures in the System. Now if a service call 
excellence. Is needed the technician knows which 


parts are required to repair the system on- 
site. In addition, the Repair/Exchange pro- 
gram provides immediate replacement 
parts for your service technician with the 
lowest possible board repair cost through 
the use of Automatic Test Equipment at 
the factory. 


/ Honeywell 


For more information 
call our toll-free number 
(800) 431-2918, 

in New York call 

(800) 942-1216 

or use the coupon below. 


| Please send me more information 
| on the Ultra Imager. 

| Please have a sales person con- 

| tact me. 

| Please put me on your mailing list. 
| 

| 

| 


E for M/Honeywell 
| One Campus Drive 
| Pleasantville, New York 
| USA. 10570 


| Name 


| Title 

| 

| Institution 
Address 


Telephone 


Best Time To Call 
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Quality Assurance 


The Ultra Imager was designed with reli- 
ability and ease of maintenance in mind. 
"MIL-Spec” reliability analyses were used 
fo evaluate every aspect of the system 
design. Each subassembly has been 
thoroughly tested individually and as part 
of the complete system. And every com- 
pleted unit is subjected to rigorous tem- 
perature cycling so that any marginal 
components can be replaced in the fac- 
tory. This means that the system we install 
for you is in optimum working order. 
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NIFEDIPINE IN STABLE ANGINA 


In the symposium on nifedipine! the efficacy of this drug in 
the management of Prinzmetal's variant angina was con- 
firmed. However, some questions were raised concerning (1) 
the role of nifedipine in the treatment of stable angina; (2) 
potential deleterious effects of use of the drug in association 
with beta adrenergic blocking agents; and (3) potential neg- 
ative inotropic effects of the drug. We think that some of these 
issues have already been sufficiently clarified in several Eu- 
ropean and Japanese studies: 

1. The beneficial effect of nifedipine in stable angina was 
established in at least six controlled clinical studies?~’ and was 
not confirmed in only one study,® undertaken in a small group 
of patients. 

2. It was demonstrated?-!! that the combined use of ni- 
fedipine and beta blocking agents decreased the number of 
anginal attacks and consumption of nitroglycerin. Further- 
more, controlled acute studies with bicycle exercise testing!? 
confirmed that the combined use of nifedipine and the beta 
blocking agent oxprenolol produced a greater increase in effort 
tolerance than did treatment with a single agent. 

3. Finally, a negative inotropic effect of the drug was shown 
only after intracoronary injection in patients with coronary 
artery disease.!? In contrast, nifedipine in doses of 10 or 20 mg 
orally induces a remarkable reduction in peripheral vascular 
resistance and an improvement in left ventricular perfor- 
mance.!4-16 This favorable effect has been achieved not only 
in well compensated hearts!‘ but also in those with reduced 
functional reserve. Nifedipine has relieved acute pulmonary 
edema! and improved hemodynamics in patients with 
chronic heart failure due to congestive cardiomyopathy.!6 

No conclusion can be drawn from these data about the ef- 
fects of the drug on “contractility”; however, they strongly 
suggest that the beneficial hemodynamic effects (primarily 
mediated by the reduction in systemic vascular resistance) 
overcome the potential negative action of nifedipine, at least 
at the doses recommended by the manufacturer for oral ad- 
ministration. Further studies should determine whether the 
hemodynamic changes observed during acute studies persist 
during long-term treatment and if any untoward effect ap- 
pears with doses larger than those currently used in the 
treatment of angina pectoris. 

Fulvio Camerini, MD 

Luigi Borgioni, MD 

Paolo Fioretti, MD 

Silvio Klugmann, MD 
Alessandro Salvi, MD 
Sabino Scardi, MD 
Department of Cardiology 
Ente Regionale Ospedaliero 
University of Trieste 
Trieste, Italy 


References 


1. Symposium on nifedipine and Ca* * flux inhibition in the treatment of coronary arterial 
spasm and myocardial ischemia. Am J Cardiol 1979;44:779-844. 

2. Maggi GC, Piscitello F. In: Lochner W, Braasch W, Kroneberg G, eds. Proceedings 
2nd International Adalat Symposium. Berlin, Heidelberg, New York: Springer Verlag, 
1975:281-3. 

3. Camerini F, Angelino PF, Bobba P, et al. Nifedipine in angina pectoris. A multicenter 
clinical trial. G Ital Cardiol 1974;4:575-82. 


4. Kimura E, Mabuchi G, Kikuchi H. In: Hashimoto K, Kimura E, Kobayashi T, eds. Pro- 
ceedings 1st International Adalat Symposium. Tokyo: University of Tokyo Press, 
1974:155-9. 

5. Sakuma A, Kimura E. In: Ref 2:329-31. 

6. Menna J, Traina M, Cassera JC, Ferreirós E, Rohwedder R. In: Ref 2:333-40. 

7. Bidoggia H, Machado R. In: Jatene AD, Lichtlen PR, eds. Proceedings 3rd International 
Adalat Symposium. Amsterdam: Excerpta Medica, 1976:226-32. 

8. Folle LE, Ortiz A, Artucio R, Dighiero J. In: Ref 7:200-6. 

9. Ekelund LG, Oro L. In: Ref 7: 218-25. 

0. Scardi S, Borgloni L, Alberti E, et al. Sperimentazione clinica controllata con 5 trat- 
tamenti antianginosi. G Ital Cardiol 1978;8:587-600. 

11. Kenmure ACF, Scruton JH. In: Ref 7:268- 7 1. 

12. Borgioni L, Medugno G, Riavez R, Scardi S, Camerini F. Valutazione e confronto 

dell'efficacia di 5 trattamenti antianginosi mediante prova da sforzo al cicloergometro. 
G Ital Cardiol 1976;6:994— 1007. 

13. Serruys PW, Brower RW, Bom AH, ten Katen HJ, Hugenholtz PG. Contractility, re- 
laxation and regional wall motion following intra coronary injection of a Ca* * antagonist 
(abstr). Circulation 1979;59,60:Suppl II:lI- 180. 

14. van den Brand M, Remme WJ, Meester GT, Tiggelaar-de Widt I, de Ruiter R, Hu- 
genholtz PG. In: Ref. 7:69-75. 

15. Polese A, Fiorentini C, Olivari MT, Guazzi MD. Clinical use of a calcium antagonistic 
agent (nifedipine) in acute pulmonary edema. Am J Med 1979;66:825-30. 

16. Klugmann S, Salvi A, Camerini F. Haemodynamic effects of nifedipine in heart failure. 
Br Heart J; in press. 


CORONARY SPASM AND THYROTOXICOSIS 


Wei et al.! suggested that theirs was the first case showing an 
association between thyrotoxicosis and Prinzmetal's angina. 
However, in 1942, Duchosal and Henny? described what was 
possibly the first reported case of Prinzmetal's angina, long 
before Prinzmetal’s classic description. In Duchosal's case 
there was obvious intermittent S-T elevation associated with 
pain and the patient was thyrotoxic as judged by the presence 
of exophthalmus and a goiter. 

Of great importance was the statement made by Duchosal 
and Henny that: “Our observations show that characteristic 
angina pectoris, responding in a typical way to nitroglycerin, 
can be produced in the absence of any arterial or arteriolar 
lesion. The causal role, whether direct or indirect, of a vascular 
factor cannot be denied as well as a positive action of trini- 
trin." 'The characteristic change on the electrocardiogram was 
a major but temporary increase of the S- T segment. This 
change could occur in the absence of chest pain and was 
sometimes precipitated by exercise. 

Their patient died 3 days after a thyroidectomy, and post- 
mortem examination confirmed that the coronary arteries 
were normal. However, the myocardium exhibited a number 
of degenerative changes, suggesting that repetitive episodes 
of spasm had caused myocardial damage. It therefore appears 
that Duchosal and Henny drew, possibly for the first time, 
attention to the phenomenon of electrocardiographic S-T 
elevation during anginal attacks in the absence of coronary 
artery disease. 

No doubt other interesting observations were made before 
those of Prinzmetal and we invite readers who know of such 
case reports to correspond with us. 


Lionel H. Opie, MD, FACC 
Groote Schuur Hospital 

Cape Town, South Africa 
Pierre W. Duchosal MD, FACC 
Geneva, Switzerland 
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during thyrotoxicosis: response to attaining euthyroid state. Am J Cardiol 1979,43: 
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372-87. 


REPLY 


At the time we submitted our case report we were not aware 
of the paper by Duchosal and Henny that appeared in 1942. 
Professor J. P. Delahaye of Lyon, France had also called our 
attention to this interesting case description. We were also 
remiss in failing to acknowledge the case reported by Oliva et 
al.! in 1973. Angiographic evidence of reversible spasm in the 
right coronary artery, associated with chest pain and S-T el- 
evation in inferior electrocardiographic leads, was documented 
in their patient. Although the patient was euthyroid clinically, 
thyroid function tests were above the normal range and she 
was treated with propylthiouracil. Oliva has subsequently 
informed us (personal communication) that the patient was 
treated with radioactive iodine for T-3 thyrotoxicosis and has 
not had an attack of Prinzmetal's angina in 7 years. Our pa- 
tient remains asymptomatic after 3!/ years follow-up. 

We have subsequently seen two additional patients in whom 
the association of hyperthyroidism and coronary arterial 
spasm appeared to be well substantiated. One of these patients 
was taking exogenous thyroid medication for a long previously 
diagnosed hypothyroid condition. She was taking excessive 
amounts of thyroid because she liked to “run myself a little 
hyper." Coronary angiography revealed only trivial athero- 
sclerotic disease and after being prevailed upon to reduce the 
amount of thyroid medication she has remained free of anginal 
symptoms. We suspect that hyperthyroidism is but one of a 
number of specific etiologies for coronary arterial spasm. 
Scleroderma with peripheral and presumably cardiac Ray- 
naud's phenomenon is another that has already been de- 
scribed.? This is an area that is ripe for further investigation 
and we wholeheartedly support the invitation to your readers 
to report potential associations between coronary spasm and 
other disease states. 

Stephen C. Achuff, MD 
Jeanne Y. Wei, MD, PhD 
Abraham Genecin, MD 
Department of Medicine 
The Johns Hopkins Hospital 
Baltimore, Maryland 
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TREATMENT OF HYPERTENSION AFTER MYOCARDIAL 
INFARCTION 


'The paper of Kannel et al.! on blood pressure and survival 
after myocardial infarction shows that patients who were 
hypertensive before the infarction had a risk of mortality three 
times greater and patients who were still hypertensive after 


a coronary event had a risk five times greater than that of | 


comparable normotensive subjects. Further, subjects who had 
hypertension after angina had become clinically manifest had 
four times the mortality of those who were normotensive. 


Patients were examined on the average 1 year after infarction 
and had biennial follow-up examinations for almost 2 decades. 
They were considered to be hypertensive when two blood 
pressure determinations on examination exceeded 160/95 mm 
Hg. The authors state, “There are many reasons why high 
pressure should be associated with a poor prognosis after a 
myocardial infarction. Blood pressure would continue to ac- 
celerate ... coronary atherogenesis and place an increased 
workload on a myocardium...” 

We certainly agree with this concept and wonder whether 
attending physicians attempted to improve the poor prognosis 
in their patients by lowering arterial pressure. No statement 
can be found regarding the availability of antihypertensive 
treatment. However, if these patients were treated, the results 
of the study cannot be interpreted without information on 
specific antihypertensive medications in the 22 patients who 
remained hypertensive after their myocardial infarction. How 
many were receiving beta adrenoreceptor blocking therapy, 
which may have a cardioprotective effect, especially after 
acute myocardial infarction? How many were receiving thia- 
zide diuretic agents with their attendant risks of hypokalemia 
and (particularly if combined with digoxin therapy) serious 
arrhythmias? Furthermore, how many of the 32 whose blood 
pressure reverted to normal or to borderline levels were re- 
ceiving antihypertensive therapy at the time of their reclas- 
sification? We strongly believe that the real value of studies 
such as this can emerge only in the context of antihypertensive 
therapy and the effect of this therapy on blood pressure con- 
trol both before and after myocardial infarction. If, on the 
other hand, the authors chose not to treat their patients (and 
we consider that an arterial pressure exceeding 160/95 mm Hg 
in a patient after a myocardial infarction represents an ab- 
solute indication for medical intervention), then they should 
state why they elected not to do so. Clearly, the patients' 
compliance seemed not to be a problem because less than 2 
percent of the cohort was lost to follow-up. We would greatly 
appreciate it if the authors could shed some light on these 
puzzling questions. 


Franz H. Messerli, MD, FACC 
Gerald R. Dreslinski, MD 
Francis G. Dunn, MD, MRCP 
Ochsner Medical Institutions 
New Orleans, Louisiana 
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'The Framingham Study has for 3 decades been following up 
a cohort to determine which factors influence prognosis in 
cardiovascular disease. All findings uncovered in the course 
of routine biennial examinations, including blood pressure 
determinations, are reported to the patient's private physician 
so that he may take appropriate action. Any abnormal findings 
are also brought to the attention of the patients by advising 
them to consult their physician or to continue under his care. 
We have not dictated to the physician how he should treat his 
patient. 

In Framingham, as elsewhere in the United States, there 
was a time when hypertension was grossly undertreated. 
There was also a time (the early 1950s) when no effective 
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treatment was available. The data referred to span this period. 
Of the 22 patients who remained hypertensive after infarction, 
few, if any, were receiving beta blocking therapy because these 
agents were either not available or not approved for use when 
the infarcts occurred. A few patients were receiving thiazide 
diuretic drugs. A decrease in blood pressure was associated 
with an ominous prognosis even when patients receiving an- 
tihypertensive medication were excluded. 

We agree that the ultimate test of the efficacy of antihy- 
pertensive therapy after an acute myocardial infarction re- 
quires a controlled trial. We have attempted only to delineate 
the natural history in a free-living cohort, relating pressure 
and change in pressure to prognosis. In particular, we were 
curious about why data relating hypertension to the first oc- 
currence of myocardial infarction were so clear whereas data 
relating blood pressure after infarction to recurrence of in- 
farction with death were so inconsistent. On the basis of data 
existing up to that point, we don’t see how Messerli et al. could 
have concluded that arterial pressure exceeding 160/95 mm 
Hg in a patient after infarction represents an absolute indi- 
cation for medical intervention. Our data now support this 
contention, but only a controlled trial can actually prove the 
point. 

William B. Kannel, MD, FACC 
Boston University 

Medical Center—Framingham Study 
Boston, Massachusetts 


MORTALITY AFTER INFERIOR AND ANTERIOR 
MYOCARDIAL INFARCTION 


In view of the importance of the observations made in the 
Framingham Study may I draw your attention to an error in 
the calculation of the expected numbers of deaths in Table III 
of the paper by Kannel et al.! The figures for anterior and 
inferior infarction should be 18.9 and 23.1, respectively, in- 
stead of 16.9 and 25.1. Recalculation of the data shows that 
the 5 year mortality after anterior infarction is not statistically 
significantly different from that after inferior infarction. 

P. J. Bourdillon, MRCP 

Royal Postgraduate Medical School 

Hammersmith Hospital 

London, England 
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In Table III our calculation of expected deaths is based on 
age-specific mortality in the groups with anterior and inferior 
infarction. The expected number of deaths as calculated by 
Bourdillon is valid only if the age distribution is the same for 
anterior and inferior infarction. The table could be clarified 
by adding the following footnote: Expected deaths are age- 
adjusted. 

Paul Sorlie, MS 

Biometrics Research Branch 

Division of Heart and Vascular Diseases 

National Heart, Lung, and Blood Institute 
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National Institutes of Health 
Bethesda, Maryland 


William B. Kannel, MD, FACC 
Boston University 

Medical Center—Framingham Study 
Boston, Massachusetts 


BIOCHEMICAL ASPECTS OF ARRHYTHMOGENESIS 
AND VENTRICULAR FIBRILLATION 


'The pathogenesis of sudden death and ventricular fibrillation 
in ischemic heart disease remains hypothetical. Opie and co- 
workers! recently provided critical evidence regarding the 
understanding of this problem. Animal studies suggest that 
impaired coronary arterial flow and reperfusion are the basis 
for the ventricular fibrillation resulting from myocardial 
electrical alterations consequent to enhanced activity of the 
sympathetic nervous system and washout products of cell 
ischemia.? We agree that many studies are available on the 
possible electrophysiologic mechanisms! underlying ven- 
tricular fibrillation and that biochemical factors—in partic- 
ular, the relation of magnesium to sudden death in ischemic 
heart disease—have not been given due consideration. 

The metabolic and biochemical changes occurring within 
seconds and minutes of coronary occlusion or acute myocar- 
dial infarction may be related to catecholamines, potassium, 
magnesium and other washout products of cell ischemia. 
Thus, it would be valuable to know the magnesium interre- 
lations in various cardiac conditions. 

Magnesium excess causes hypotension, bradycardia and 
conduction defects, whereas in hypomagnesemic patients the 
electrocardiogram shows S-T depression, T wave inversion 
and shortening of the P-R interval.* Cardiac arrhythmias*^ 
and an increased incidence of digoxin intoxication have also 
been observed in patients with magnesium deficiency.9? Re- 
ports on magnesium ion in relation to ischemic heart disease 
showed that this ion plays a protective role against death from 
heart attack in hard water areas.? Similarly, cardiac magne- 
sium levels have been found to be decreased in animals? as well 
as in human beings after myocardial infarction!? and sudden 
coronary death.!! Experimental evidence suggests that 
magnesium deficiency may be associated with hemorrhage, 
inflammation, degeneration, fibrosis and calcification in the 
myocardium.* 

It is apparent from the study of Opie et al.! that the elec- 
trical effects of increased extracellular potassium are most 
significant in the pathogenesis of ventricular fibrillation and 
sudden death due to ischemic heart disease. Other factors such 
as increased tissue and coronary venous lactate, partial 
pressure of tissue carbon dioxide and cyclic adenosine mo- 
nophosphate and severe tissue acidosis help either directly 
or by causing potassium movements across the cell. We con- 
sider that intracellular and extracellular concentrations of 
magnesium are equally important in changing the electrical 
activity of the myocardium resulting in ventricular fibrillation 
and sudden cardiac death. 

It has been shown that drug-induced myocardial necrosis 
and hypoxia-induced electrocardiographic changes can be 
prevented by prophylactic use of magnesium salts.!? 'Thus, 
it appears to be high time to establish the role of myocardial 
hypomagnesemia in the genesis of ventricular fibrillation in 
sudden coronary death. Although many reports on this subject 
are available,?!? further confirmation is needed to determine 
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whether phophylactic use of magnesium salts will prevent 
sudden death in ischemic heart disease. 

Opie et al. state that clinical use of verapamil is established 
in the treatment of supraventricular but not of ventricular 
arrhythmias. Our experience is different and we have suc- 
cessfully treated a large number of patients with ischemic 
heart disease and ventricular premature complexes with 
verapamil. In addition, there is some evidence!*:!4 to suggest 
that verapamil has been successfully used in the management 
of ventricular tachyarrhythmias. This emphasizes the complex 
béhavior of the myocardium in ischemic heart disease in 
human beings as compared with that in experimental ani- 
mals. 

R. B. Singh, MD 
Medical Clinics 
Moradabad, India 
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It may well be that magnesium deficiency is probably un- 
derrecognized in patients with chronic cardiac failure on 
chronic diuretic treatment,! and that some could benefit by 
magnesium replacement. However, a major difficulty with the 
"magnesium hypothesis” is that there appear to be no data 
firmly to support the concept that the intra- to extracellular 
concentration of magnesium is as important as that of po- 
tassium in changing the electrical properties of the myocar- 
dium. The reported degree of magnesium deficiency in pa- 
tients with sudden death from heart disease is rather small 
and is difficult to interpret in the absence of data on the ex- 
tracellular magnesium concentration in similar circum- 
stances. 

That magnesium might play a role in controlling the elec- 
trical activity in the heart is suggested by an important paper 
by Spah and Fleckenstein.” They describe a new, preferen- 
tially Mg* *-carrying transport system working in addition 
to the fast sodium and slow calcium channels. As antiar- 
rhythmic agents are now being classified to emphasize their 
activity against either the fast predominantly sodium or the 
slow predominantly calcium channel,? the existence of this 
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new magnesium-carrying channel poses the possibility of a 
new class of antiarrhythmic agent and allows for a possible role 
for magnesium in cardiac arrhythmias. 

Nevertheless, the hard data linking changes in magnesium 
ion concentration, whether they be intra- or extracellular, to 
ventricular fibrillation, are missing and hence were not re- 
ferred to in our review. Nor did our review attempt to cover 
the complex matter of digitalis-induced arrhythmias, in which 
magnesium sulfate might have therapeutic benefit according 
to animal data.* 

Verapamil is still generally held by many experienced 
clinicians not to be very effective in the treatment of ven- 
tricular arrhythmias (see Singh et al.)?. 


Lionel H Opie, MD, FACC 
Groote Schuur Hospital 
Cape Town, South Africa 
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RECIPROCATING TACHYCARDIA 


Farré et al.! described three cases of reentrant tachycardia 
characterized by an accessory pathway with a very long con- 
duction time incorporated in the tachycardia circuit. Similar 
cases were reported in 1977 by Coumel et al.” and in 1978 by 
Gallagher and Sealy. In 1976 wet reported the results of an 
electrophysiologic study in a 22 year old patient with an in- 
cessant atrioventricular (A-V) junctional reciprocating 
tachycardia” with a rate of about 110/min. Similar to the 
findings in two patients described by Farré et al.! in our pa- 
tient the P-R interval was longer than the R-P interval. There 
was also a retrograde sequence of atrial activation. Stimuli 
delivered in the right ventricle were conducted to the atrium 
even during A-V nodal refractoriness, thus providing evidence 
for an accessory pathway as the retrograde limb of the reen- 
trant circuit. The exact location of this accessory pathway 
could not be identified. This particular form of reciprocating 
tachycardia seems to be more frequent than previously 
thought or reported. 


T. Pop, MD 
Mainz, West Germany 


References 


1. Farré J, Ross D, Wiener |, Bar FW, Vanagt EJ, Wellens HJJ. Reciprocal tachycardias 
using accessory pathways with long conduction times. Am J Cardiol 1979;44: 1099- 
1109. 

2. Coumel P, Attuel P, Mugica J. Junctional reciprocating tachycardia. The permanent 
form. In: Kulbertus HE, ed. Re-entrant Arrhythmias, Mechanisms and Treatment. Lan- 
caster, England: MTP Press, 1977:170-80. 

3. Gallagher JJ, Sealy WC. The permanent form of junctional reciprocating tachycardia: 
further elucidation on the underlying mechanism. Eur J Cardiol 1970;8:413-30. 

4. Pop T, Fleischmann D, De Bakker JMT, Effert S. Chronische supraventrikulare Um- 
kehrtachykardie bei ausschließlich retrograd leitender akzessorischer Bahn. Z Kardiol 
1976;65:458-66. 


REPLY 
Indeed, Pop and his colleagues have described a patient with 
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slow retrograde conduction of the accessory pathway. Our 
apologies for not citing their report. 
Jeronimo Farré, MD. 
David Ross, MD, 
Isaac Wiener, MD 
Frits W. Bär, MD 
Edward J. Vanagt, MD 
Hein J. J. Wellens, MD, FACC 
Department of Cardiology 
University of Limburg 
Annadal Hospital 
Maastricht, The Netherlands 


VERAPAMIL IN ARRHYTHMIAS IN 
HYPERTROPHIC CARDIOMYOPATHY 


Mekenna et al.! conclude that alternative antiarrhythmic 
agents should be sought for the treatment of arrhythmias in 
hypertrophic cardiomyopathy. They further state that 
treatment with beta adrenergic blocking agents had no effect 
on the frequency of serious arrhythmias. 

Dhalla? suggested in 1976 that myocardial calcium overload 
may account for some of the cardiac arrhythmias in hyper- 
trophic cardiomyopathy that may lead to sudden death. In 
that year Kaltenbach et al? reported that verapamil was 
beneficial in hypertrophic cardiomyopathy. Goodwin and 
Krikler* hypothesized that arrhythmia was the cause of sud- 
den death in hypertrophic cardiomyopathy and proposed that 
verapamil may be beneficial in patients with hypertrophic 
cardiomyopathy by inhibiting inward calcium transport 
through the so-called slow channel, because an increase in 
myocardial cell calcium content increases myocardial con- 
tractility.? Therefore, any drug that decreases myocardial 
contractility should diminish the degree of left ventricular 
outflow obstruction in patients with hypertrophic cardio- 
myopathy. 

This hypothesis was recently confirmed by Rosing et al.,5? 
who studied the hemodynamic effects of intravenous vera- 
pamil administration in 27 patients with hypertrophic car- 
diomyopathy. They found that verapamil can significantly 
decrease left ventricular outflow obstruction and improve 
exercise capacity and symptomatic status in patients with 
hypertrophic cardiomyopathy.®’ Furthermore, verapamil has 
been demonstrated to decrease a rapid ventricular rate in 
patients with atrial fibrillation, even resulting in conversion 
to sinus rhythm in some cases,*-!? and proved very effective 
in the treatment of paroxysmal supraventricular tachycar- 
dia.?:!° Because it selectively inhibits membrane transport of 
calcium, it also posseses peripheral and coronary vasodilator 
properties and is thus useful in angina pectoris.!? 

I strongly believe that recent reports attesting to the efficacy 
of verapamil in the management of patients with hypertrophic 
cardiomyopathy provide physicians with a new therapeutic 
agent that has a beneficial effect on left ventricular outflow 
obstruction, arrhythmias and angina pectoris. Verapamil also 
has the therapeutic advantage over beta adrenergic blocking 
drugs in the treatment of patients with chronic obstructive 
lung disease or diminished myocardial reserve.!? Its intro- 
duction into the United States will constitute a very significant 
advance in cardiovascular therapeutic armamentarium. 


Saeed Ahmad, MRCP 
Department of Medicine 
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Cranefield et al. demonstrated that many ventricular ar- 
rhythmias depend on the fact that the myocardium is partially 
depolarized; activation from such a level is dependent on the 
slow calcium channel, and Goodwin and Krikler (Ahmad’s Ref 
4) suggested that calcium antagonist agents may protect the 
ventricles against ventricular arrhythmia and fibrillation. 
However, our studies using verapamil (480 mg/day) in patients | 
with hypertrophic cardiomyopathy and ventricular arrhyth- 
mia,” show no reduction in the frequency of serious ventricular 
and supraventricular arrhythmias, and thus we are investi- 
gating other agents including amiodarone. 

Increasing experience with hypertrophic cardiomyopathy - 
persuades us that important hemodynamic obstruction to left 
ventricular outflow must be a rare event and that gradients 
are not an essential feature of the disease, which is mainly 
notable for the impairment of diastolic function.? A left ven- 
tricular outflow tract gradient is diagnostically useful because 
it is usually associated with easily identifiable physical and 
echocardiographic signs. However, the presence of a gradient 
is not associated with an increased incidence of angina, dys- 
pnea,* serious ventricular arrhythmia? or poor prognosis? and 
thus the significance and importance of the reduction in the 
left ventricular gradient after verapamil demonstrated by 
Rosing et al. (Ahmed's Ref 6) is uncertain. 


William J. McKenna 

Celia M. Oakley, MD, FRCP, FACC 
John F. Goodwin, MD, FRCP, FACC, 
Royal Postgraduate Medical School 
Hammersmith Hospital 

London, England 


References 


1. Cranefield PF, Aronson RS, Wit AL. Effect of verapamil on the normal action potential 
and on a calcium dependent slow response of canine cardiac Purkinje fibers. Circ Res 
1974;34:204- 13. 

2. McKenna WJ, Deanfield J, Chetty S, Faruqui A, Oakley CM, Goodwin JF. Arrhythmia 
and mortality in hypertrophic cardiomyopathy (abstr). Br Heart J, in press. 

3. Goodwin JF. Hypertrophic cardiomyopathy: a disease in search of its own identity. Am 
J Cardiol 1980;45:177-80. 

4. Hardarson T, De la Calsada CS, Curiel R, Goodwin JF. Prognosis and mortality of hy- 
pertrophic obstructive cardiomyopathy. Lancet 1973;2:1462-7. 

5. Savage DD, Seides SF, Maron BJ, Myers DJ, Epstein SE. Prevalence of arrhythmias 


November 1980 The American Journal of CARDIOLOGY Volume 46 901 





LETTERS TO THE EDITOR 


during 24-hour electrocardiographic monitoring and exercise testing in patients with 
obstructive and non-obstructive hypertrophic cardiomyopathy. Circulation 1979;59: 
866-75. 

6. McKenna WJ, Deanfield JE, Faruqui A, Oakley CM, Goodwin JF. Prognosis and mortality 
in hypertrophic cardiomyopathy (abstr). Circulation 1979;59,60:Supp! II, 1I- 154. 


DIASTOLIC ABNORMALITIES OF FLAIL MITRAL 
LEAFLETS IN THE TWO DIMENSIONAL 
ECHOCARDIOGRAM 


Mintz et al.! provide significant and dramatic evidence of the 
ability of the two dimensional echocardiogram to diagnose flail 
mitral leaflets. In their study loss of systolic mitral leaflet 
coaptation was the sole criterion for establishment of the di- 
agnosis. Although this criterion is essentially defining and the 
most direct, technical problems can occasionally obscure the 
mitral leaflets during systole during maximal motion of the 
heart. 

We have found that the diastolic appearance of the mitral 
valve can also provide valuable information. Three patients 
whose mitral leaflets were obscured in systole were prospec- 
tively diagnosed as possessing a flail anterior leaflet because 
of acommonly shared diastolic appearance. During the min- 
imal flow period of mid diastole, lack of chordal support to the 
free edge of the mitral anterior leaflet was evidenced by a 
distinctive “sagging” appearance (Fig. 1). This appearance 
is not seen in leaflets with normal diastolic chordal support. 
There is also a characteristic motion of this untethered portion 
of the leaflet identifying a hinge point between supported and 
unsupported leaflet segments. 

The high diagnostic sensitivity obtained by Mintz et al. in 
their series may not be attained in all laboratories practicing 
this technique-dependent procedure. This additional criterion 
in the less artifact-prone diastolic phase of the cardiac cycle 
may be helpful. 

Thomas G. Steffens, MA 
Edgar C. Schick, Jr., MD 
Section of Cardiology 
Boston University Hospital 
Boston, Massachusetts 
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We have seen this “sagging” of the leaflet not only during mid 
diastole, but also during end-diastole as the mitral leaflet 
begins to close. The sign does not occur in all patients with flail 
mitral valve; in particular, we have never seen it in patients 





FIGURE 1. Two dimensional echocardiogram; parasternal, long axis view obtained in mid 
diastole. Arrow indicates the sagging free edge of the anterior mitral leaflet. 





ae ae T LL LS x nv TTS - 


with a flail posterior leaflet. Furthermore, if diastasis does not 
occur (for example, in patients with significant tachycardia), 
diastolic sagging may not occur. Other causes of mitral in- 
sufficiency can give a similar appearance to the anterior mitral 
leaflet during diastole: endocarditis (with a vegetation, but 
without flail leaflet), possibly rheumatic mitral valve disease 
and possibly mitral valve prolapse (because of the thickened 
leaflet or localized chordal elongation). This interesting ob- 
servation, like all proposed diagnostic criteria, requires sta- 
tistical analysis to determine its true significance. 

Gary S. Mintz, MD 

Likoff Cardiovascular Institute 

Hahnemann Medical College and Hospital 

Philadelphia, Pennsylvania 


EFFECT OF HANDGRIP ON SYSTOLIC ANTERIOR 
MOTION OF THE MITRAL VALVE: AN 
ECHOCARDIOGRAPHIC FINDING IN HYPERTROPHIC 
OBSTRUCTIVE CARDIOMYOPATHY 


To the seven echocardiographic features of hypertrophic 
cardiomyopathy described by Doi et al.,! one should add an 
eighth: the effect of handgrip on the systolic anterior motion 
of the mitral valve. 

'The isometric effort results in an important pressor re- 
sponse with elevation of afterload.? This, in turn, causes an 
attenuation or diminution of the systolic anterior motion in 
the echocardiogram and a concomitant softening of the ac- 
companying murmur (Fig. 1). A similar maneuver performed 
during cardiac catheterization results in a reduction of the left 
ventricular outflow gradient (Fig. 2) and its reappearance 
almost instantaneously, as the handgrip is released (Fig. 3). 
The three figures were obtained from three different patients. 
This response resembles that observed during squatting? and 
is, I believe, an additional important diagnostic sign that is 
easily elicited and reproduced at the bedside or in the course 
of invasive cardiac investigation. 


R. J. Vecht 

Clinical Cardiovascular Laboratory 
Academic Surgical Unit 

St. Mary's Hospital Medical School 
London, England 
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In hypertrophic cardiomyopathy the physiologic response to 
an increase in afterload induced pharmacologically or by 
isometric exercise is a decrease in left ventricular outflow 
gradient, a decrease in the duration and intensity of a systolic 
murmur and, apparently, a reduction in systolic anterior 
motion of the mitral valve. Patients who show true systolic 
anterior motion of the mitral valve usually have classic signs 
of hypertrophic cardiomyopathy with a left ventricular gra- 
dient and do not pose a diagnostic problem. A maneuver that 
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FIGURE 1 (top two panels). Above, the characteristic 
systolic anterior motion (SAM) with a late systolic 
murmur. Below, after 35 seconds of isometric exercise 
(0.3 kg/cm?), the murmur has softened and the systolic 
anterior motion has been abolished. This also illustrates 
an increase in left ventricular dimension at end-sys- 
tole. 


FIGURE 2 (panel 3). Pressure tracing. There is a 
resting gradient between the apex of the left ventricle 
and root of the ascending aorta. Shortly after the start 
of handgrip ( }), the aortic pressure increases and the 
gradient is reduced. 


( f 


FIGURE 3 (bottom panel). Pressure tracing. Left, a 
small resting gradient is evident. Right, at the end of 1.5 
minutes of handgrip, there is no gradient. Both left 
ventricular and aortic pressures have increased. The 
heart rate has increased from 66 to 93 beats/min. As 
the handgrip is stopped (1) there is an immediate re- 





F r duction in both left ventricular and aortic pressures, and 
| sec | after a few beats the gradient reappears as the murmur 
increases in intensity. 
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removes one of the most important of the echo abnormalities 
in hypertrophic cardiomyopathy would be diagnostically 
useful only if it made it more specific. Systolic anterior motion 
of the mitral valve is seen in other conditions, but the response 
to an induced increase in afterload may be similar to that 
described in hypertrophic cardiomyopathy. 

William McKenna, MD 

Yoshinori Doi, MD 

Celia Oakley MD, FRCP, FACC 

John Goodwin MD, FRCP, FACC 

Royal Postgraduate Medical School 

London, England 
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FEVER IN AORTIC DISSECTION 


Ruderman et al.! in their letter emphasize the occurrence and 
importance of fever as a manifestation of dissecting aneurysm 
of the aorta. This relation, of course, has been documented 
previously.” In the patient presented by Ruderman et al., a 
history of chest pain and abnormal chest X-ray findings led 
to cardiac catheterization and aortography. However, even 
in the absence of pain or an abnormal chest X-ray film, one 
must still entertain the diagnosis of aortic dissection and 
maintain a high index of suspicion when fever occurs in as- 
sociation with other manifestations of aortic dissection. 

Case report: A 48 year old man had a severe flu-like syn- 
drome and was found to have a loud murmur of aortic in- 
competence. He was admitted to a referral hospital with a 
fever of 39.5° C and severe congestive heart failure. There was 
no history of chest pain. Blood cultures were negative and he 
was transferred to our institution when congestive heart 
failure proved refractory to medical therapy. He underwent 
cardiac catheterization which demonstrated severe aortic 
insufficiency. A supravalvular aortogram was performed but 
usual cineangiographic views failed to demonstrate dissection, 
focusing on the proximal ascending aorta and left ventricle. 
Seven days after catheterization, blood cultures remained 
negative. Because of severe congestive failure, the patient 
underwent operation. At operation, the ascending aorta was 
found to have dissected, was paper-thin and measured 10 cm 
in width. The aortic valve was resuspended and the ascending 
aorta replaced with a 26 mm Dacron® graft. The patient’s 
postoperative course was entirely uncomplicated and he was 
discharged on the 7th postoperative day with normal hemo- 
dynamics and no diastolic murmur. 

Comment: In this patient, no chest pain was present and 
no radiologic abnormalities of dissection were present. An 
aortogram would have been diagnostic and outlined the ana- 
tomic defect. In a patient with negative blood cultures and 
aortic valve incompetence of recent onset, we believe an aor- 
togram is indicated to evaluate the possibility of aortic dis- 
section. We certainly agree with Ruderman et al. that cathe- 
terization should not be delayed by the presence of fever. 

Grant V.S. Parr, MD 

John M. Field, MD, FACC 
Departments of Surgery and Medicine 
The Milton S. Hershey Medical Center 
The Pennsylvania State University 
Hershey, Pennsylvania 
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COMPLICATIONS OF INTRAAORTIC 
BALLOON COUNTERPULSATION 


Isner et al.! indicate a 36 percent rate of complications related 
to the use of the intraaortic balloon counterpulsation device 
in 45 patients studied at necropsy. They further state that the 
number of complications has been underestimated until 
now. 

The statement may be misleading, in that the authors do 
not include pertinent data to permit the true incidence of 
complications to be assessed more accurately. They do not 
report how the study group was selected from patients who 
underwent the treatment, the total number of the latter or the 
number of patients who died but who did not undergo ne- 
cropsy. No adequate clinical data are included to indicate a 
cause and effect relation between the complications and the 
death of the patients in most of the cases. Thus, an unfair 
opinion may be formed of the complications of the method, 
which has undoubtedly helped to keep alive patients who 
probably could not have been salvaged by conventional means 
only. 

Spyridon D. Moulopoulos, MD 
Department of Therapeutics 

Athens University School of Medicine 
Athens, Greece 
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Our paper concerned the frequency of complications observed 
in a necropsy group of patients who had had the intraaortic 
balloon inserted shortly before death. Among these necropsy 
patients, the percent who had complications from insertion 
of the balloon was surprisingly high. We have no information 
on complications from this device in patients who died but did 
not undergo autopsy. There are numerous reports describing 
various frequencies of complications of this device in patients 
who are alive or have died and no autopsies have been done. 
Our presentation was not an epidemiologic type or study but 
simply a study of necropsy patients. The message nevertheless 
is quite clear: among necropsy patients who have had the in- 
traaortic balloon device inserted shortly before death, the 
frequency of complications is much higher than that predicted 
from purely clinical studies. Our study was not an attempt to 
criticize the intraaortic balloon device but simply to point out 
that it carries with it a relatively high frequency of compli- 
cations, some of which are important clinically and some of 
which are not. 


William C. Roberts, MD, FACC 
Pathology Branch 

National Heart, Lung, and Blood Institute 
National Institutes of Health 

Bethesda, Maryland 
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PHO/GAMMA* LFOV™ 


The Pho/Gamma* LEM Scintillation 
Camera provides high resolution, high count 
rate nuclear medicine imaging capability at the 
patient’s bedside. The LEM is available with 
power assist or optional power drive and is 
Suitable for mobile applications or use in 
Stationary settings such as in stress testing 
laboratories. 


The Image Magnifier/Rotator allows 
magnification (up to 2.75 times normal size) 
of camera data prior to digitizing and display. 
Magnification aids in visualizing small organs 
imaged with a large field of view camera. 
The Image Rotator provides 360° rotation of 
camera data to allow operator chosen 
orientation of clinical studies. 


The Pho/Gamma* LFOV™ Scintillation 
Camera is a high performance LFOV 
Detector, integrated with a microprocessor- 
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GAMMA/COR* RCG 


based Standard Console (Scintiview™ 
with Micro Dot Imager™) that provides 
cardiac analysis and processing with 
optional ECAP and ACAP programs. 


ZLC provides uniformity and linearity 
correction in a manner which will not distort 
quantitative camera data. The demanding 
camera requirements necessary to perform 
quantitative nuclear cardiology are met 
with ZLC. 


The Gamma/Cor ' RCG is a lightweight, 
highly mobile cardiac system which offers a 
unique direct method for rapid, repeatable 
assessment of left ventricular ejection fraction 
in a minimally invasive, safe manner right at 
the patient's bedside. The Gamma/Cor also 
provides assessment of other cardiac 
parameters such as cardiac output. 
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"EJECTION FRACTION 
CALCULATION 
START TO STOP 
IN 3 MINUTES OR LESS 
(ECAP)" 


Ejection fraction processing takes 

3 minutes or less using Scintiview’s™ 
microprocessor based electronics, 
English language pushbutton operation 
and ECAP (Extended Cardiac 

Analysis Package). 


ECAP features extended wall motion 
analysis via "stroke volume”, “ejection 
fraction” and “paradox” images, 

128 x 128 gated acquisition for myo- 
cardial images, and sequential 
acquisition and processing "batch" 
of multi-gated blood pool studies. 


. "DEFINE 


LEFT VENTRICULAR 
BORDER WITHOUT 
OPERATOR 
INTERVENTION (ACAP)" 


ACAP, the third in a series of new 
cardiac performance packages, 
provides complete and automatic 
definition of the left ventricular border 
in each frame of a multi-gated study, 
without operator intervention. ACAP 
also includes all of ECAP's features. 


Acquisition and Processing Features 


Operator selection of study termination 
parameters (memory full, time). For 
intervention studies, up to eight sequential 
multi-gated blood pool studies may be 
acquired. Rapid analysis of ventricular 
parameters can be obtained conveniently 
by use of lite pen or automatically via an 


~- advanced edge detection algorithm 


requiring little or no operator intervention. 
storage of R-R time intervals, ejection fraction 
data, volume curve and regions of interest 

is permitted. 


Myocardial Gated Imagery 


Stop action viewing of technetium pyro- 
phosphate infarct images or Thallium-201 
perfusion images is provided in a 128 x 128 
matrix. 100 millisecond time intervals provide 
motion deblurring without excessively pro- 
longed study time. Thallium-201 four frame 
128 x 128 gated images may be displayed in 
cine mode for visualization of myocardial 
thickening. 


Extended Wall Motion Analysis 


Display of regional volume changes on a pixel 
by pixel basis is provided in a static gray scale 
format via "functional" images. Analysis of 
dyskinetic wall motion is obtained by use of 
the "paradox" image. Overlap of the diastolic 
and systolic borders over the "stroke volume" 
image are possible to aid in ROI assignment 
over the left ventricle. 


ECAP and ACAP are part of our commitment 
to nuclear cardiology. For complete informa- 
tion on ECAP ACAB and/or our line of nuciear 
cardiology products, Pho/Gamma® LEMS, 
Pho/Gamma SFOV and LFOV™, Pho/Con?, 
Gamma/Cor®, Slant Hole Collimator, or 
Image Magnifier-Rotator, call or write today. 


SIEMENS GAMMASONICS, INC. 
Nuclear Medical Division 
2000 Nuclear Drive 

Des Plaines, IL 60018 
Telephone 312/635-3100 


Multi-gated blood pool studies can be acquired in either single 
or sequential modes with the ejection fraction data displayed 


for one study or up to eight stress or intervention studies 
at once 
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A gated 128 by 128 mode reduces motion blur in myocardial 
images without significantly prolonging study time 





Regional wall motion changes within the heart can be displayed 
through "stroke volume" and “ejection fraction images. Addi- 
tionally paradox images enhance the diagnosis of dyskinetic 
myocardial segments for complete cardiac analysis 





The ACAP Program provides an automated wall detection 
method for outlining left ventricular borders and provides accu- 
rate, reproducible left ventricular ejection fractions 
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Challenges and Frustrations 





Robert O. Brandenburg, MD, FACC 





The challenges, stimuli and frustrations 
involved in the practice of clinical car- 
diovascular disease undergo continual 
change. Young cardiologists often receive 
their main challenge and stimulation from 
involvement with invasive techniques, 
such as Cardiac catheterization, coronary 
arteriography, Swan-Ganz and pacemaker 
procedures. Others find investigation the 
most satisfying. Another subset find 
electrocardiography and electrophysio- 
logic studies their main areas of interest. 
With other groups, it is echocardiography 
or nuclear imaging procedures. Many of 
the cardiac consultants involved with in- 
vasive procedures phase out of this area 
by the age of 45 or 50 years or become 
directors of laboratories of cardiac cath- 
eterization (but no longer actually perform 
the procedures). Interest and involvement 
in the noninvasive procedures appear to 
be more lasting. 

The useful and important skills related 
to these procedures may serve to direct 
interest away from the patient and the 
disease. The interest on hospital rounds 





is not in Mrs. Smith and her heart disease, 
but on the "square root sign in early 
diastole in the ventricular pressure 
curve, ‘‘premature closure of the aortic 
valve by echocardiogram,” "the drop in 
ejection fraction with exercise by nuclear 
imaging,” and so forth. The wise, mature 
and skillful cardiovascular clinician usually 
(but, unfortunately, often not until mid-life 
or later) learns to give proper emphasis 
and de-emphasis to the huge amount of 
data now potentially available and at- 
tainable. The important characteristics of 
selectivity have become well developed 
in this clinician. He or she does not need 
an echocardiogram, treadmill test, nuclear 
studies and cardiac catheterization for 
every patient with a significant cardiac 
lesion. Nor is a coronary arteriogram 
necessary for every patient with chest 
pain. Like Willie Sutton, this clinician has 
learned where the ''gold'"' is and only oc- 
casionally must tap multiple banks. Many 
times the gold is at the bedside, related to 
proper use of ears, hands and eyes. The 
clinician gains stimulation and is chal- 
lenged to develop a management scheme 
for the patient with a thoughtfully chosen, 
limited number of special studies. The 
patient's course is likely to be enhanced 
and much less expensive with this course 
of action. 

The mature clinician also has learned 
to be wary of the initial claims for new 
drugs, new operations and procedures 
until experience and scientific scrutiny 
have indicated their probable worth. At 
the University of Pennsylvania Medical 
School in the 1940s, Dr. Perry Pepper was 
chairman of the Department of Medicine. 
Many of us will recall his unique discus- 
sion of the ''fever curve of new drugs.” 
There would be a rapid upward movement 
related to the wave of enthusiasm and 
acceptance—then a downward trend as 
reports of side effects, serious reactions 
and, occasionally, death occurred. Finally, 
after a number of years, the drug would 


assume its proper role with its benefits, 
limitations and hazards now established. 
Dr. Pepper described the ease with which 
he and his colleagues had been led astray 
by wishful thinking when testing a new 
drug designed to lessen the fibrosis and 
scarring of heart valves from rheumatic 
fever. He recalled how certain the house 
staff had been that the murmurs had de- 
creased over a period of time as had the 
patients' symptoms. Experience, of 
course, finally disclosed that the drug had 
no value except for its placebo effect. It 
has not been heard from again. Prosthetic 
heart valves have occasionally followed 
the same course. 

The cardiovascular community is now 
reaping the rewards of the investigations 
of a few decades ago. As a result, the 
improvements in understanding, in diag- 
nostic techniques and in methods of 
treatment have clearly surpassed those 
of any other subspecialty of medicine. We 
are indebted to our investigators of a few 
decades ago and must continue to en- 
courage and promote the development of 
a continued supply of these creative 
persons. Unfortunately, the number of 
cardiovascular investigators who are 
physicians has been decreasing in recent 
years. Although basic investigation has 
resulted in our current level of sophisti- 
cation in diagnosis and treatment, it has 
sometimes created a wedge between 
patient and physician. As consultants and 
teachers we must make wise and intelli- 
gent use of these new tools to avoid both 
overuse and underuse. Many examples 
can be given of both. | frequently see 
young, middle-aged and older patients 
who have had episodes of paroxysmal 
atrial fibrillation. (Careful auscultation has 
excluded mitral valve disease and there 
is no clinical or laboratory evidence of 
hyperthyroidism.) Most such episodes 
have followed periods of unusual fatigue 
and heavy smoking, or overindulgence in 
alcohol. Such patients, in addition to the 
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routine tests, have commonly had an 
echocardiogram (reasonable, but un- 
necessary) and a coronary arteriogram, 
which seems totally inappropriate, adding 
no information of benefit in the manage- 
ment of the patient. Young women with 
mitral valve prolapse and various forms 
of atypical chest pain have been 
subjected to coronary arteriography to 
“reassure them about the absence of 
disease." The study has clearly not 
reassured many of them, since they 
continue to go from consultant to con- 
sultant seeking an explanation of their 
problem. 

Cardiovascular consultants have oc- 
casional reason to feel frustration (inability 
to make a precise diagnosis, inability to 
get procedures or laboratory tests done 
when and as they wish, dealings with the 
patient "who won't get well," and so 


forth), but patients also have frustrations 
that seem warranted. Some of these in- 
volve differences of opinion: The cardi- 
ologist at home says operation is not in- 
dicated; the surgeon says it is urgent 
(occasionally the roles are reversed). 
Frequently one encounters the frustrated 
patient who has symptoms, sometimes 
with and sometimes without evidence of 
cardiovascular disease, who has under- 
gone various diagnostic studies. A com- 
munication breakdown has occurred so 
that either the patient was too anxious to 
hear what was said, or it was said in lan- 
guage unintelligible to the patient, or it 
was not said (perhaps simply, '' Your tests 
are normal"). The patient's anxieties and 
many concerns about prognosis, limita- 
tions and treatment are unresolved. He 
complains: ‘‘My doctor doesn't tell me 
anything." In most instances this is an 


overstatement, but the patient’s unhap- 
piness and frustration are evidence we 
have failed in our mission. If we are to be 
responsible for the time, expense and 
occasional risks involved in special 
studies it should be our responsibility to 
spend the necessary time to answer and 
resolve the patient's questions. There 
sometimes seems an inverse ratio be- 
tween the special studies and the time 
spent with the patient. Clearly problems 
of time are important to all of us, but a 
little extra time used efficiently will result 
in more patient satisfaction and less need 
for patients to utilize the services of 
multiple consultants. 


Robert O. Brandenburg, MD, FACC 
President 
American College of Cardiology 





ANNOUNCEMENT OF 1981 PEDIATRIC CARDIOLOGY EXAMINATION 


The Sub-Board of Pediatric Cardiology of the American Board of Pediatrics will offer 
its next written examination on Friday, July 10, 1981. 


The following criteria must be met to qualify to sit for the examination: 


1. Certification by the American Board of Pediatrics; 


2. Two years of full-time graduate training in an accredited pediatric cardiology 


program; 


3. Letters of recommendation from individuals able to attest to the applicant's 
fellowship training. 


Candidates who achieve a qualifying score on the written examination will be eligible 
for the oral examination. The oral portion of the examination will be held in October 
1981, in New Orleans. A candidate must be successful on both the written and oral 
portions of the examination in order to be certified. 


The registration period for the examination will extend from December 1, 1980 to March 
31, 1981. Please contact the American Board of Pediatrics during that time if you wish 
to receive an application for the examination. 


The application fee for the written portion of the examination is $300 ($150 processing, 
$50 registration, $100 examination fee). An additional fee of $150 will be payable upon 
receipt of an appointment for the oral examination. 


Please direct inquiries to: 


American Board of Pediatrics 
Suite 402, NCNB Plaza 

136 East Rosemary Street 
Chapel Hill, NC 27514 

(919) 929-046 1 
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The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
Cialists educators and scientists in the field of 
Clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 


the structure of the program, the Continuing 


Education Committee for Extramural Programs 
assumes the overall responsibility for the 
caliber of the postgraduate education and the 
relevance to the practice of cardiology. This 
is accomplished by the processes of meticu- 
lous scrutiny of the objectives, analysis of the 
educational methods, and studying the impact 
of each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The Continuing Education Committee 
for Extramural Programs of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 





NOVEMBER 1980 THROUGH MARCH 1981 





1980 
To be Preceptorships in Cardiology. Arthur 
arranged Seizer, FACC, director, Pacific Medical 
individu- Center, San Francisco, CA 
ally 
To be Preceptorships in Cardiology. Jules 


arranged Constant, FACC, director. Buffalo Gen- 


individu- eral Hospital, Buffalo, NY 

ally 

NOV. Cardiac Pacing. Doris J. W. Escher, 

5-7 FACC and Seymour Furman, FACC, di- 
rectors. The New York Hilton, New York, 
NY 

NOV. Advances in Heart Disease 1981. Dean 

29- T. Mason, FACC, director. Fairmont 

DEC. Hotel, San Francisco, CA 

1 

DEC. Two-Dimensional Echocardiography 

4-6 vs. Cardiac Nuclear Imaging. Joel 


Morganroth, FACC, director and Leonard 
S. Dreifus, FACC and Gerald M. Pohost, 
FACC, co-directors. The Franklin Plaza 
Hotel, Philadelphia, PA 


DEC. Coronary, Hypertensive, Valvular and 
7-10 Myocardial Heart Diseases: The 
Multi-Disciplinary Approach. William C. 
Roberts, FACC, director. Williamsburg 
Conference Center, Williamsburg, VA 


DEC. Cardiovascular Disease: Achievements 

12-14 and Challenges 1980. Henry |. Russek, 
FACC, director, Sheraton Centre, New 
York, NY 

1981 

JAN. Twelfth Annual Cardiovascular Con- 

12-16 ference at Snowmass. John H. K. 
Vogel, FACC, director and Bruce C. 
Paton, FACC, co-director. Opticon 
Theatre, Snowmass Resort, Snowmass, 
CO 

FEB. Clinical Echocardiography 1981— 

2-4 M-Mode, 2-Dimensional and Pulsed 


Doppler Techniques, Pravin M. Shah, 
FACC, director and John S. Child, FACC, 
Joseph K. Perloff, FACC, and Maylene 
Wong. co-directors. Sheraton Harbor 
Island Hotel, San Diego, CA 


FEB. Calcium (Slow Channel)-Inhibiting 

9-11 Drugs in Cardiovascular Therapy: 
Mechanism of Action and Application. 
Borys Surawicz, FACC and Attilio Mas- 
eri, FACC, directors. New Orleans 
Marriott, New Orleans, LA 


FEB. Ventricular Arrhythmias and Sudden 
Cardiac Death. Thomas B. Graboys, 
FACC and Bernard Lown, FACC, direc- 
tors. Sheraton Boston Hotel, Boston, 


MA 
MAR. Electrocardiographic Interpretation of 
30- Complex Arrhythmias: A Physiological 
APR. Approach. Charles Fisch, FACC and 
3 Douglas P. Zipes, FACC, directors. 


Krannert Institute of Cardiology, Indiana 
University Medical Center, Indianapolis, 
IN 





CARDIOLOGY BOARD REVIEW: Update in Cardiology 


September 9-11, 1981 


Atlanta, Georgia 


Presented by: The American College of Cardiology 
Directors: J. WILLIS HURST, MD, FACC and ROBERT C. SCHLANT, MD, FACC 


For brochure and further information contact: Registration Secretary, Extramural Programs Department, American College of Cardiology, 
9111 Old Georgetown Road, Bethesda, Maryland 20014. Telephone: Area Code 301 897-5400 
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LEARNING CENTER: PROGRAM CALENDAR 





The American College of Cardiology’s Learning Center is located at 
the College's headquarters in Bethesda, Maryland. The purpose of the 
Learning Center is to support professional commitment to quality patient 
care by providing a standard of excellence in continuing medical edu- 
cation. 


For additional information or a complete program calendar, contact the 
Program Registrar, Heart House Learning Center, American College 
of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
Telephone (301) 897-5400. 





LEARNING CENTER PROGRAMS: JANUARY to JULY, 1981 











Program 
Number Date Program Director Title of Program 
308 January 12-13 William Grossman, MD The Role of the Cardiac Catheter in the Patient with Heart Disease 
309 January 15-16 Samuel Kaplan, MD and Cardiac Electrophysiology and Rhythm Disorders in Pediatrics 
Winston E. Gaum, MD 
334 February 5-6 August M. Watanabe, MD Myocardial Metabolism and Neurogenic Control of Circulation: 
Application to Clinical Cardiology 
333 February 12-14 H. J. C. Swan, MD Therapy of Acute Infarction: Afterload Reduction 
310 February 16-18 Sylvan Lee Weinberg, MD Supervisor's Role in Cardiovascular Nursing and Training 
311 February 23-25 William C. Roberts, MD Congenital Heart Disease: The Multidisciplinary Approach 
312 March 2-4 Nanette K. Wenger, MD Rehabilitation of the Cardiac Patient 
313 March 30-31 Jere H. Mitchell, MD Cardiovascular Benefits and Risks of Exercise 
314 April 1-3 J. O'Neal Humphries, MD Coronary Bypass Surgery—Facts and Fancy 
315 April 8-10 Victor Parsonnet, MD Current Concepts in Pacing 
316 April 13-15 Keith Cohn, MD Exercise Testing: Diagnostic and Physiological Considerations 
317 April 20-22 Pravin M. Shah, MD Echocardiography in the '80's: M-Mode vs. Two-Dimensional 
318 April 23-25 Daniel S. Berman, MD Nuclear Cardiology 
319 April 27-28 Leonard S. Dreifus MD and Computer Electrocardiology: Present Status and Hope for the 
Frits L. Meijler, MD Future 
320 April 30 & May 1-2 John A. Spittell, MD Peripheral Vascular Disease 
321 May 6-8 Marvin |. Dunn, MD Electrocardiography for Critical Care Nurses 
322 May 11-13 Abdul J. Tajik, MD and The Role of Two-Dimensional Echocardiography in the Clinical 
James B. Seward, MD Practice of Cardiology 
323 May 14-16 G. Charles Oliver, MD Ubiquitous PVC 
324 May 18-20 William J. Mandel, MD His Bundle Electrocardiography: Contributions to the Clinical 
Understanding of the Electrocardiogram 
325 May 28-29 Robert O. Brandenburg, MD Cardiology for the Consultant 
326 June 1-3 Shahbudin H. Rahimtoola, MD Valvular Heart Disease 
328 June 8-10 Borys Surawicz, MD Changing Role of Electrocardiography in the Clinical Practices 
(tentative) 
327 June 11-13 Robert G. Tancredi, MD Management of Pulmonary, Renal and Electrolyte Disorders in 
Cardiac Patients 
329 June 15-17 Robert A. O'Rourke, MD Detection of Cardiac Disease by Physical Examination 
302 June 22-24 Paul C. Gillette, MD Decisions in Clinical Pediatric Cardiac Surgery 
331 June 29-30, July 1 B. Leonard Holman, MD Nuclear Cardiology 
330 July 8-10 Michael R. Rosen, MD Clinical Pharmacology and Electrophysiology of Antiarrhythmic 
Drugs 
908 November 1980 The American Journal of CARDIOLOGY Volume 46 


> vm. 
MES 






s In Sector Scanning 


perius s 





ED "T LEL 
^ TEE ME or iro eh ACA E LS DODZ 
Thebes 
















FEATURES 
Digital Scan Processor (DSP) 


The Varian DSP uses a powerful 
microprocessor system to fully utilize digital 
‘hnology for processing the ultrasound image. 


Phased Array Design 


Varian pioneered the success of phased 
array transducer technology, which requires no 
moving parts and yields significant performance 

advantages. 


Varian Ultrasound 


From pioneer to premier 
manufacturer, Varian is a major high- 
technology corporation consistently 

leading the way in product 
technology, responsive field service, and 
customer education. 


BENEFITS 


“Exellent Imaging Quality 
HE V-3400 produces clear, Í 
high sensitivity, diagnostic quality | 
from all major anatomic windows. 


Dependable Performance 


Inherent reliability, solid state electronics, and 
phased array design combine with Varian’s 
experience and extensive customer support to assure 
dependable clinical performance. 


Advanced Clinical Capability 


Fast, accurate examinations, recording, 
and quantitation are enhanced by the V-3400's 
advanced clinical features such as variable 
persistence, pre and post processing, 
i simultaneous M-mode, and the light pen 
varian measurement system. 
























To learn more, contact Medical Group, Varian Associates, Inc., 611 Hansen Way, Palo Alto, CA 94303. Tel: 415/493-4000. 


medics Pulse Generators 
ATIONS AND CONTRAINDICATIONS 


dications for cardiac pacemaking are increasing as pace- 


become more sophisticated and as advanced methods for 
management become more widespread. Generally accepted 
ons for long-term cardiac pacing include but are not limited 
ck sinus syndrome; (2) chronic, symptomatic drug-resistant 
rhythmias, including sinus bradycardia, sinus arrest, and 


sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, 
symptomatic second-degree or third-degree A-V block; (4) recur- 
rent Adams-Stokes syndrome; (5) bradycardia-tachycardia syn- 
drome; (6) symptomatic bilateral bundle branch block; and (7) 
hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting with intractable, recurrent, 
congestive heart failure; cerebral or renal insufficiency; or recur- 
rent, drug-resistant tachyarrhythmias who have been shown to 
benefit from temporary cardiac pacing are considered candidates 


for permanent cardiac pacemaking. 

The indications for permanent pacing in the presence of a 
myocardial infarction have not yet been rigorously defined. | 
to be considered include the location of the myocardial infai 
presence or absence of symptoms, ventricular rate, mechanis 
the arrhythmias, and response to therapy. In general, sympt 
drug-resistant bradyarrhythmias which impair cardiac outpu 
considered indications for pacing in patients with acute myo 
infarction, regardless of infarct location. 








are no known contraindications to the use of pacemakers 


lical method for control of heart rate. However, body re- 

ihenomena such as local tissue reaction or skin necrosis, 

nd nerve stimulation, embolism, and cardiac tamponade 

"n reported. 

TION: Federal (U.S.A.) law restricts this — 
device to sale by or on the order of 
a phvsician. 





A CyberLith Pacemaker 


helped make these pictures of 
Wayne Sackett possible. 


A LIFETIME OF MASSIVE HEART PROBLEMS IS 
BEING CONTROLLED WITH A CYBERLITH PACEMAKER, 
AN AORTIC VALVE, AND SELECTED DRUG THERAPY. 


You'd never know by looking at him now, but ten years ago this man 
collapsed from disabling palpitations while mowing the lawn. 


But thanks to an Intermedics CyberLith pacemaker, an aortic valve 
replacement, and continuing drug therapy, Wayne D. Sackett is more 
than just back on his feet. He's an active family man, a farmer, and 
Chief Plant Operator of the Water Department of Deland, Florida. 


Taking care of an 11-acre farm is no small task, but Wayne and his 
wife enjoy making it a family affair with their three children. And the 
children know that when the chores are all done, it's time for play. 
Wayne has his favorites—softball, water skiing, fishing, and hunting— 
and the rest of the family likes to get in on the action. 


For Wayne Sackett, as well as his family, the multi-programmable 
CyberLith pacemaker from Intermedics has proved to be more than a 
life-saver. In combination with the new valve and the drug therapy, it 
has been a life-enhancer. And because his physician has him telephoni- 
cally monitored on a regular basis and can noninvasively make any 
changes necessary, chances are good that Wayne and his family can go 
on living as actively as they are now. 


Wayne's CyberLith is just one model in the growing Intermedics 
family of thin,lightweight pacemakers that permit noninvasive pro- 
gramming of stimulating rate, pulse width, sensitivity level, and pacing 
mode. Because of the CyberLith’s long history of reliability —longer than 
any other programmable multi-parameter pacemaker line— Wayne will 
probably still be going strong when his five-year-old son is in college. 


CyberLith. It could be the pacemaker of choice for your patients. 


O Intermedics Inc. 


P.O.Box 617 Freeport, TX 77541 
Toll Free: 800/231-2330 


Our business is life." 
ur DUSINESS 1S Life. 

C) August 1980, Intermedics, Inc. 

CyberLith is a registered trademark of Intermedics. Inc. , Freeport, TX. 


THE ECG OF THE 80$... 


It Sets The Standard For Years To Come 


The Standard For Cost Efficiency Total time 
from patient set-up through record mounting can 
be reduced by half, enabling labor cost savings 
in the competitively priced VS-550. The savings 
are due to the total system concept of the in- 
strument...from automatic lead switching to the 
unique PERFform™ perforated paper and mount- 
Ing System. 


The Standard For Reliability New technology 
and over 60 years of experience...the VS-550 
combines the best of both to give you high 
performance and reliability. The unit features 

a rugged high impact molded case, 
microprocessor-controlled circuitry, and a touch 
control panel that far surpasses in reliability, the 
standard mechanical lead selector switch. 


The Standard For Operating Ease Simplicity of 
operation is achieved in the VS-550, from its in- 
stant paper loading through its automatic lead 
and calibration marking. And, at just the touch of 
a switch...an optional AC Eliminator removes 


line power interference without distorting the ECG. 


SENSITIVITY 


| LEAD SELECTOR 
mm/mV 
SEMI AUTO 
gm S| a = 2 e3 2 - A ey 


The Standard For Serviceability The VS-550 
has been designed for simplicity of service and 
has the ability to instantly analyze instrument 
performance, on demand, through the 
AUTOTEST"" program. Most service adjustments 
can be made without disassembly. Downtime is 
reduced to a minimum, because of plug-in 
modular construction and the backup you get 
from our nationwide service organization. 


For demonstration or ordering information, please 
write or call collect: 73 Spring St., Ossining, N.Y. 
10562, Tel: (914) 941-8100, Ext. 550. 


Cambridge 
Instrument 


Company, Inc. 
first in electrocardiography 





The VS-550: The New Standard 
In Single Channel Electrocardiography... 
From The Company Who Developed The First 


Cambridge | 
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Selectively Increases Dobutrex 
Myocardial Contractility 
with Consistent ~ 
Hemodynamic Improvements Dobutamine HCI 


For I.V. Injection 
250 mg* in 20-ml-size vials 
* Equivalent fo dobutamine 






ef Summary 
insult the package literature for prescrib- 
j information. 


dications and Usage: Dobutrex® (do- 
tamine hydrochloride, Lilly) is indicated 
ien parenteral therapy is necessary for in- 
opic support in the short-term treatment 
adults with cardiac decompensation due 
depressed contractility resulting either 
m organic heart disease or from cardiac 
gical procedures. 

n patients who have atrial fibrillation with 
zid ventricular response, a digitalis prep- 
ation should be used prior to instituting 
apy with Dobutrex. 


intraindication: Dobutrex is contraindi- 
ted in patients with idiopathic hyper- 
phic subaortic stenosis. 


irnings: 1. /ncreose in Heart Rate or Blood 
»ssure—Dobutrex may cause a marked 
ease in heart rate or blood pressure, 
»ecially systolic pressure. Approximately 10 
rcent of patients in clinical studies have 
d rate increases of 30 beats/minute or 
xe, and about 7.5 percent have had a 
-mm Hg or greater increase in systolic 
assure. Reduction of dosage usually re- 
rses these effects promptly Because 
butamine facilitates atrioventricular con- 
ction, patients with atrial fibrillation are at 
- of developing rapid ventricular response. 
tients with preexisting hypertension ap- 
ar to face an increased risk of developing 
exaggerated pressor response. 

2, Ectopic Activity —Dobutrex may precipi- 
e or exacerbate ventricular ectopic ac- 
ty, but it rarely has caused ventricular 
:hycardia. 


cautions: 1. During the administration of 
butrex, as with any adrenergic agent, ECG 
d blood pressure should be continuously 
initored. In addition, pulmonary wedge 
əssure and cardiac output should be 
initored whenever possible to aid in the 
e and effective infusion of Dobutrex. 

?. Hypovolemia should be corrected with 
table volume expanders before treatment 
h Dobutrex is instituted. 

3, Animal studies indicate that Dobutrex 
Yy be ineffective if the patient has recently 
seived a beta-blocking drug. In such a 
se, the peripheral vascular resistance may 
Tease. 

1. No improvement may be observed in 
» presence of marked mechanical 
struction, such as severe valvular aortic 
nosis. 

Jsage Following Acute Myocardial 
arction—Clinical experience with Dobu- 
x following myocardial infarction has 
ien insufficient to establish the safety of the 





drug for this use. There is concern that any 


agent which increases contractile force and. 


heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy —Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex* (dobutamine hydro- 
chloride, Lilly) for use in children have not 
been studied. 


Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
oufput and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: /ncreased Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity—A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects—The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

Longer-Term Safety—infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patients condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
and Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 596 Dextrose Injection. 
To reconstitute, add 10 ml of diluent to Vial 
No. 7051, Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
10 mi of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage—the rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rotes of Infusion for Concentrations of 
250,500, and 1000 mcg/ml 
Dru g Delivery Infusion Delivery Rate 


ate 250 mcg/ml* 500 mcg/ml* 1000 mcg/mit 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 


2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


* 250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 ml of diluent 
11000 mg per liter or 250 mg per 250 ml of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. [081678] 


Additional information available to 
Lilly the profession on request. 

Eli Lilly and Company 

Indianapolis, Indiana 46206 
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world's first 
digital camera 
designed 
for the cardiologist 


pex 215M: lightweight mobile cardiological gamma image 














2x 215M is a fully integrated nuclear system 
igned specifically for the cardiologist. 

x 215M fulfills all the requirements of modern 
‘lear cardiology. Compact, exceptionally 
neuverable, easy to position and extremely 
satile, it combines superb single-crystal image 
lity with the ultra-high count rates previously 
ainable only with low-resolution multicrystal 
veras. 


ISCING INC. 


-160 Johnson Avenue, 
kensack, N.J. 07602, U.S.A. 


'toll Free: 800-631-1694 


iversal Cardiological Capability 


stal Clear First-Pass Examinations at count rates 
igh as 500,000 CPS and resolutions as fine as 

m (bar phantom). Unobstructed RAO dynamic 
s of distinct clarity. 
a-Fast Equilibrium Gated Dynamics at 
recedented combinations of frame rate and 
lution (64 frames per heart cycle for 642 matrices), 
st or during exercise. 
erior Quality Static Myocardial Imaging with 
er 99Tc pyrophosphate or 2°'TI. Images acquired 
displayed on 5122 matrices with 256 gray levels. 


yet of Dedicated Cardiological Programs, 
ntinuously Enriched 


h a functional pushbutton, and Apex 215M 
ides: 
0 to three simultaneous cine-views. 

all motion visualization and quantification. 
ection Fraction and Ejection Rate calculation. 
emaining Fraction calculation. 


atic or dynamic Regional Ejection Fraction Imaging. 


d Diastole/Systole Volumes. 

unt quantification. 
jrams unique to the Apex Line include special 
rithms for diagnosing ventricular-atrial 

rgitation and ventricular aneurysms. A whole new 
es of Apex clinical programs is now being tested. 





History: Acute 
Anterolateral wall 
MI. Catheterization 
showed 3 vessel 
CAD (LVEF=35%). 
Image shows 
defect of the 
Regional Ejection 
Fraction. 
Diagnosis: lateral 
aneurysm. 








Now in book form...the latest 
Update Your Medicine lectures. 


CORNELL 
MEDICAL 
UPDATE /2 


Edited by LILA A. WALLIS, MD, FACP 
















Helps you keep up with the 
new advances in your 
specialty in the comfort of 
your home or office. 
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All new material—specialties expanded. 


The workbook format of the CORNELL MEDICAL UPDATE/2 
breaks medical publishing traditions by giving practicing 
physicians a quick overview of the latest advances in their 
specialty. It transcribes the Update Your Medicine lectures 
sponsored by New York Hospital-Cornell Medical Center. 
These lectures are well-known for helping physicians prepare 
for Recertification desoite the demands of a heavy practice 

The new approach of the first volume was so well-received 
that it went through three printings in less than two years. Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 
where the first volume left off. It has been specially designed 
for the practicing physician who has difficulty keeping up with 
the growing literature of the field. Each chapter transcribes 
one of the lectures and covers a specific speciality in-depth 
from basic physiologic and chemical principles to its clinical 
applications. 

Lila A. Wallis, MD, FACP, the series editor, has eliminated 
all the filler material a continuing education does not need. You 
won't find historical reviews or a rehash of material you've 
known since medical school. You will find the practical, life- 
saving knowledge a dynamic practice depends on. Because the 
lectures have been edited for easy reading and laid out for 
quick comprehension, you'll be able to incorporate all the 
material into your own professional technique. 

Earn 25 Credits Towards AMA Physician's Recognition Award. 
CORNELL MEDICAL UPDATE/2 has been approved for Category 1 
credit towards the AMA's Physician's Recognition Award for Con- 
tinuing Medical Education. Full details on how to apply for credit 
are included with every copy. 


gem an am — —À — — i— — — — ee n n — a — — — —X 
Yorke Medical Books, 666 5th Ave., N.Y., N. Y. 10103 AJC 11/80 
Please send me a copy of CORNELL MEDICAL UPDATE/2 at 
$38.00. | may use the book for 30 days and if not completely satis- 
fied, return it for full refund or credit. 
C] Payment enclosed, publisher pays shipping. 
CJ Charge my credit card: (2 MasterCard (Visa. 

Card No. Expire Date . 


New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 
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INTROPIN' (dopamine HCI) 


FOR IV INJECTION: 
5 ml AMPUL 
5 ml ADDITIVE SYRINGE (Rap-Add"; 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamine hydro 
naturally-occurring biochemical catecholamine precursor of norepinephrine. It is a white 
crystalline powder, freely soluble in water and soluble in alcohol, sensitive to lig 
iron salts and oxidizing agents. 5 m/ ampul and 5 ml additive syringe (Rap-Add ) | 
sterile, non-pyrogenic INTROPIN contains 40 mg of dopamine hydrochloride (equivalent 
of dopamine base) in Water for Injection, USP containing 1% sodium bisulfite as a pr 


INDICATIONS: For the correction of hemodynamic imbalances present in the shock 
due to myocardial infarctions. trauma. endotoxic septicemia. open heart Surgery. re 
and chronic cardiac decompensation as in congestive failure 


Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnt 
by which adequacy of vital organ perfusion can be monitored. The physician sl 
observe the patient for signs of reversal of confusion of comatose condition Loss 
increase in toe temperature and/or adequacy of nail bed capillary filling may als 
as indices of adequate dosage Note that at doses above those optimal for the 
patient, urine flow may decrease. necessitating reduction of dosage Concurrent « 
tion of INTROPIN and diuretic agents may produce a potentiating effect 


Low Cardiac Output — Increased cardiac output is related to the direct inotropic 
INTROPIN on the myocardium. Increased cardiac output at low or moderate doses 
associated with either static or decreased systemic vascular resistance (SVR) an 
to be related to a favorable prognosis Increase in cardiac output produced by 
is not associated with substantial decreases in SVR as may occur with isoproterenc 


Hypotension — Hypotension due to inadequate cardiac output can be managed by i 
tion of low to moderate doses of INTROPIN. which have little effect on SVR 
therapeutic doses. the drugs alpha adrenergic activity becomes more prominent 
may correct hypotension due to diminished SVR Administration should be cons 
soon as a definite trend toward decreased systolic and diastolic pressure become 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochro 


WARNINGS: INTROPIN should not be administered in the presence of uncorrec 
arrhythmias or ventricular fibrillation INTROPIN should not be added to any alkal 
solution since the drug is inactivated in alkaline solutions. Patients who have be 
with monamine oxidase (MAO) inhibitors prior to the administration of INTROPIN v 
substantially reduced dosage |1/10 the usual starting dose) 


Usage in Pregnancy — INTROPIN may be used in pregnant patients when in the 
of the physician. the expected benefits outweigh the potential risk to the fetus 


Usage in Children — The safety and efficacy of INTROPIN for pediatric use has 
stablished 


PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN. hypovoler 
be fully corrected. if possible. with either whole blood or plasma as indicated 


Decreased Pulse Pressure — If a disproportionate rise in the diastolic pressure (ie 
decrease in the pulse pressure) is observed in patients receiving INTROPIN. the in 
should be decreased and the patient observed carefully for further evidence of pi 
vasoconstrictor activity. unless such an effect is desired 


Extravasation — INTROPIN should be infused into a large vein whenever possible 
the possibility of extravasation into tissue adjacent to the infusion site which r 
necrosis and sloughing of surrounding tissue Large veins of the antecubital 
preferred to veins in the dorsum of the hand or ankle 


Occlusive Vascular Disease — Patients with a history of occlusive vascular di 
example. atherosclerosis, arterial embolism. Raynauds disease cold injury 
endarteritis, and Buergers disease) should be closely monitored for any change 
or temperature of the skin in the extremities 










IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and n 
in ischemic areas, the area should be infiltrated as soon as possible with 10 ti 
of saline solution containing from 5 to 10 mg of Regitine" (brand of phento! 
an adrenergic blocking agent. A syringe with a fine hypodermic needle shi 
used, and the solution liberally infiltrated throughout the ischemic area. Sym| 
blockade with phentolamine causes immediate and conspicuous local hyj 
changes if the area is infiltrated within 12 hours. Therefore, phentolamine 
be given as soon as possible after the extravasation is noted 


Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Because of the 
arrhythmogenic potential of these agents and the known increase in cardiac 
irritability which may sensitize the myocardium, INTROPIN should be used with 
CAUTION in patients inhaling such anesthetics 


Careful Monitoring Required —As in the case of any adrenergic agent. ir 
INTROPIN should be accompanied by close monitoring of urine flow cardiac c 
blood pressure 


ADVERSE REACTIONS: The most frequent include ectopic beats. nausea. vomiti 
Cardia. anginal pain, palpitation, dyspnea. headache. hypotension. and vasoct 
Others reported infrequently are aberrant conduction. bradycardia. piloerection, wid 
complex. azotemia, and elevated blood pressure 

WARNING: This is a potent drug — must be diluted before administration to patient 
OVERDOSAGE: In case of accidental overdosage. as evidenced by excessive bloo: 
elevation. reduce rate of administration or temporarily discontinue INTROPIN unti 
condition stabilizes. Since the drug's duration of action is quite short. no additione 
measures are usually necessary. If these measures fail to stabilize the patient's 
use of the short-acting alpha adrenergic blocking agent, phentolamine, should be c 


CAUTION: Federal law prohibits dispensing without a prescription. Full direction 


should be read before administering or prescribing Jan 
i$. American Critical Care 
ssses:: (formerly Arnar-Stone Laboratories) 
::: — Division of 


American Pr supply Corporation 
McGaw Park IL 6008 


INTROPIN 


(dopamine HCI) 


meets rapidly fluctuating 
hemodynamic needs 
in septic shock 


Sufficiently flexible to use at every stage of 
septic shock: early, when first signs may 
include decreased urine flow, low doses 
of Intropin" (dopamine HCI) improve 
perfusion, urine output; intermediate 
doses provide the added benefit of 
increased cardiac output; if pres 
sure falls, higher increments 
increase SVR, blood pressure, 
maintain dopaminergic effect 


Please see adjacent page for 
prescribing information. For 
further information, please 
contact Medical Services 
Department of American 
Critical Care, Division of 
American Hospital Supply 
Corporation, 1600 
Waukegan Road, McGaw 
Park, Illinois 60085, Phone 
312-473-3000 


American Critical Care 
‘formerly Arnar-Stone Laboratorie 
Division of 


American Hospital Supply Corporation 
McGaw Park IL 60085 


erican Critical Care 








MICROT HIN- 


from CPI. 


The first phase in our 
pacing program for 
the future. 


MICROTHIN-1 affords you traditional CPI, reliability plug 
important patient benefits, including: | 


f 
E 


e Slim 11 mm Profile 
e Light Weight 
» Predictable, Precise Replacement Indicator 
e Unipolar or Bipolar Option 


MICROTHIN-D1 gives you the best features available in ventricular 
demand pacing . . . unexcelled reliability after seven years of lithium 
pacing experience, plus carefully engineered product refinements 

developed through CPI's dedication to pacing perfection. 


Available in Models 0520 Unipolar and 0620 Bipolar. 


MICROTHIN-P 1 is the programmable ventricular demand pace- 
maker that sets the standard for easy programming and follow-up. 


EASY TO PROGRAM. It's a challenge to design a programming 
system that's easy to use. But CPI turns challenge into precedent- 
setting products and thus MICROTHIN-P 1 is unequalled in program- 
ming epos. A programming sequence is completed in just 2.5 
seconds. 


EASY TO FOLLOW-UP. We've simplified yourfollow-up routine by 
taking the inaccuracy out of the replacementindicator. You don't 
need to trust calculations based on last programmed rate, length of 
implant, or output voltage. For all your patients, simply replace 
MICROTHIN-P1 at a magnet rate of 85/ppm. 


PATIENT-ORIENTED OPTIONS. MICROTHIN-P1 provides 90 
rates between 30 and 119. . .20 output choices from low diagnostic 
tohigh output. . .so your care fof each patient can be individualized. 


Available in Models 0522 Unipolar and 0622 Bipolar. 


There’s more to come! Contact your sales representative for details. 
And keep in contact the future with MICROTHIN has just begun. 


2-YEAR WARRANTY EXTENSION 
NOW AVAILABLE! 


Due to the excellent performance of 
the CPI Porous Tip Lead, we are no 
granting a 2-year Pulse Generator 
Warranty Extension when you im- 
plant any MICROTHIN or MICRQ 
LITH® pulse generator with a CI 
Porous Tip Lead. . . see your 
Sales Representative for deta 


Cardiac Pacemakers, Inc. 
4100 North Hamline Avenue 
P.O. Box 43079 
® St. Paul, Minnesota 55164, U.S.A. 


Telephone: (612) 631-3000 
Toll Free: (800) 328-9588 
WE'RE DEFINING THE FUTURE 








For ventricular arrhythmias. 

For atrial arrhythmias. 
For smooth, trouble-free conversion. 
For steady maintenance. 


4 Greater GI tolerance 
than witn quinidine sulfate 
og Full quinidine cardiodynamics 


Li Convenient b.i.d. or t.i.d. dosage 


for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
—whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.*. 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter: paroxysma; atrial fibrillation; 
established atrial fibrillation when therapy is apprcpriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter, CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: !n the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate, COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by Y» to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tabiet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 100. 


Purdue Frederick 


© COPYRIGHT 1978. THE PURDUE FREDERICK COMPANY / NORWALK, CT 06856 C8207 211278 
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Predischarge Exercise Testing After Myocardial Infarction 


Seminar on Calcium Channel Blockers—Part | 
Eugene Braunwald, MD, FACC, Guest Editor 
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Cardiac output and blood pressure normally increase 
with increasing physical activity. ALDOMET does not 
significantly impair normal fluctuations of blood 
pressure during exercise.!:2 


In a recent study of hypertensive patients whose 
cardiovascular response to exercise was evaluated 
before and during methyldopa therapy, "... methyldopa 
significantly reduced the rise in systolic pressure during 
the build-up (P« 0.01) and subjective maximal stages 
(P« 0.05) as well as at all phases of recovery (P 0.01)" 
Moreover, "The total duration of exercise (an index of 
work capacity) was unchanged with... methyldopa.”’ 


Such findings can be of importance to active hyper- 
tensive patients such as the athletic individual or the 
person whose work requires substantial physical effort. 
For these and many other hypertensive patients, 
ALDOMET represents a logical therapeutic choice. 


With ALDOMET, exercise hypotension rarely occurs. 
Sedation, usually transient, may occur during the initial 
period of therapy or whenever the dose is increased. 
Headache, asthenia, or weakness may be noted as early 
and transient symptoms. 


ALDOMET 'offers many 


(METHYLDOPA|MSD) 
other important features: 


* Highly effective in all degrees of hypertension. 

* Existing cardiac output is usually maintained. 

* Renal blood flow is usually maintained. 

e Has documented long-term efficacy. 

e Significant adverse effects have been infrequent and 
the agent is usually well tolerated. 


For hypertension — 


Will an antihypertensive 
generally allow 

anormal cardiovascular 
response to exercise? 





ALDOMET is contraindicated in active hepatic 
disease, hypersensitivity to the drug, and if previc 
methyldopa therapy has been associated with live 
disorders. It is important to recognize that a positi 
Coombs test, hemolytic anemia, and liver disorde 
may occur with methyldopa therapy. The rare 
occurrences of hemolytic anemia or liver disorder 
could lead to potentially fatal complications unles 
properly recognized and managed. 


1. Yasky J, Carosella C, Costa O: Diagnosis of arterial hyper- 
tension by means of a graduated ergometric test, in Zanchett 


pp 56-63. 

2. Mancia G, Ferrari A, Gregorini G, et al: Effects of treatm 
with methyldopa on basal hemodynamics and on neural circ 
latory control, in Zanchetti A (ed): ALDOMET™® (Methyldoj 
MSD) in Worldwide Clinical Experience, West Point, PA, 
Merck Sharp & Dohme, 1979, pp 27-39. 

3. Lee WR, Fox LM, Slotkoff LM: Effects of antihypertensive 
therapy on cardiovascular response to exercise. Am J Cardio 


44:325-328, 1979. 


ALDOMET "The most prescribed nondiuretic antihypertensive in the US. tod: 


(METHYLDOPA|MSD) 


Copyright © 1980 by Merck & Co.. Inc. All rights rese: 


ABLETS: 500 mg, 250 mg, and [25 mg 
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Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis; if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and liver 
disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver 
disorders could lead to potentially fatal complica- 
tions unless properly recognized and managed. 
Read this section carefully to understand these 
reactions. 

With prolonged methyldopa therapy, 10% to 20% of 
patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal compli- 
cations. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
direct Coombs testis not in itself a contraindication to 
use of methyldopa. If a positive Coombs test 
develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For 
example, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 
At the start of methyldopa therapy, itis desirable to do 
a blood count (hematocrit, hemoglobin, or red cell 
count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
during therapy to detect hemolytic anemia. It may be 
useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 
Coombs-positive hemolytic anemia occurs, the 
cause may be methyldopa and the drug should be 
discontinued. Usually the anemia remits promptly. If 
not, corticosteroids may be given and other causes 
of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not 
be reinstituted. When methyldopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The positive Coombs test may 
not revert to normal until weeks to months after 
methyldopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 





match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesterol flocculation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa, the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs, potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method, 
serum creatinine by the alkaline picrate method, and 
SGOT by colorimetric methods. Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines, falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma. 
Itisimportantto recognizethis phenomenon beforea 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 


For hypertension— 


ALDOMET 


(METHYLDOPA|MSD 


The most prescribed 
nondiuretic antihypertensive 


in the US. today 


lar disease. Patients may require reduced doses c 
anesthetics; hypotension occurring during anes 
thesia usually can be controlled with vasopressors 
Hypertension has recurred after dialysis in patient 
on methyldopa because the drug is removed by thi 
procedure. 
Adverse Reactions: Central nervous system: Seda 
tion, headache, asthenia or weakness, usually earl 
and transient; dizziness, lightheadedness, symp 
toms of cerebrovascular insufficiency, paresthesias 
parkinsonism, Bell's palsy, decreased mental acuity 
involuntary choreoathetotic movements: psychi 
disturbances, including nightmares and reversibli 
mild psychoses or depression. 
Cardiovascular: Bradycardia, aggravation of angin: 
pectoris. Orthostatic hypotension (decrease dail) 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (Discontinue methyldopa if edem: 
progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, con: 
stipation, flatus, diarrhea, mild dryness of mouth 
sore or "black" tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice 
liver disorders. 
Hematologic: Positive Coombs test, hemolytic ane- 
mia. Leukopenia, granulocytopenia, thrombocyto- 
penia. Positive tests for antinuclear antibody, LE 
cells, and rheumatoid factor. 
Allergic: Drug-related fever, lupus-like syndrome, 
myocarditis. 
Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, de- 
creased libido, dermatologic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia. 
Note: Initial adult dosage should be limited to 
900 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third months of therapy; 
increased dosage or Hol tae a diuretic frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. 
Syncope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease; this may be avoided by lower doses. 
How Supplied: Tablets, containing 125 mg methyl- 
dopa each, in bottles of 100; Tablets, containing 
250 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 and 1000; Tablets, containing 
d mg Hed hel ket n eingJe uni packages of 
100 and bottles of 100 and ; 
For more detailed information, con- MSD 
sult your MSD representative or sep == 
i prescribing information. Merck MERCK 
arp & Dohme, Division of Merck& S x 
Co., Inc., West Point, Pa. 19486 DOHM 
JOAM34(709) 





It Sets The Standard For Years To Come 


Total time 
trem natiant sét- up through record mounting can 
be reduced by half, enabling labor cost savings 
in the competitively priced VS-550. The savings 
are due to the total system concept of the in- 
strument...from automatic lead switching to the 
unique PERFform™ perforated paper and mount- 
Ing System. 


[hi liability New technology 
and over 60 years of experience...the VS-550 
combines the best of both to give you high 
performance and reliability. The unit features 

a rugged high impact molded case, 
microprocessor-controlled circuitry, and a touch 
control panel that far surpasses in reliability, the 
standard mechanical lead selector switch. 


| Simplicity of 
operation is Shed | in the VS- 550, from its in- 
stant paper loading through its automatic lead 
and calibration marking. And, at just the touch of 
a switch...an optional AC Eliminator removes 


line power interference without distorting the ECG. 
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SENSITIVITY 


The VS-550 
has been designed for simplicity of service and 
has the ability to instantly analyze instrument 
performance, on demand, through the 
AUTOTEST™ program. Most service adjustments 
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909 Exercise Testing Early After Myocardial Infarction: Predictive Value for Subsequent Unstable Angina 
and Death 


MARK R. STARLING, MICHAEL H. CRAWFORD, GEMMA T. KENNEDY and ROBERT A. O'ROURKE 


Modified treadmill exercise testing before hospital discharge in 130 patients with uncomplicated myocardial in- 
farction revealed that 60 percent had one or more treadmill exercise-induced abnormalities, including S-T seg- 
ment depression, angina and inadequate blood pressure response. Such patients had a significantly greater inci- 
dence of all cardiac events during the follow-up period of 6 to 20 months when compared with patients without 
such treadmill abnormality. These three abnormalities identify patients with uncomplicated myocardial infarction 
who are at risk for a future cardiac complication. During the 6 to 20 month period after myocardial infarction, 
cardiac death occurred only in patients with a treadmill exercise-induced abnormality. Patients with such tread- 
mill exercise-induced abnormalities merit closer medical follow-up and further diagnostic and therapeutic inter- 
ventions designed to alter their poor prognosis. 


915 Noninvasive Identification of a High Risk Subset of Patients With Acute Inferior Myocardial Infarction 


PREDIMAN K. SHAH, MAX PICHLER, DANIEL S. BERMAN, JAMSHID MADDAHI, THOMAS PETER, 
BRAMAH N. SINGH and H. J. C. SWAN 


Noninvasive measurement of left ventricular ejection fraction and regional wall motion with radionuclide ventric- 
ulography in 44 patients within 48 hours of the onset of acute transmural inferior infarction indicates that such 
patients who have associated precordial S-T segment depression have greater impairment of global and region- 
al left ventricular function presumably due to associated ischemia or infarction in areas remote from the inferior 
wall. They also have relatively high in-hospital mortality and morbidity rates. This study also demonstrated a high 
degree of correlation between S-T segment depression in precordial leads and the presence of regional dyssyn- 
ergy in noninfarcted segments. The in-hospital clinical course of patients with a depressed left ventricular ejec- 
tion fraction was characterized by a high incidence rate of postinfarction ischemic chest pain, pump dysfunction 
and mortality. Although these results show that a high risk subset of patients with inferior myocardial infarction 
can be characterized noninvasively, no data are as yet available to suggest that aggressive therapy may alter 
their morbidity and mortality. 


922 Ergonovine Testing in a Coronary Care Unit 


DAVID D. WATERS, PIERRE THEROUX, JADWIGA SZLACHCIC, FRANZ DAUWE, JEAN CRITTIN, 
RAOUL BONAN and HENRY F. MIZGALA 


Ergonovine testing in 100 consecutive patients in a coronary care unit proved useful and was positive in all 17 

patients with known variant angina and in 18 (40 percent) of 45 patients with chest pain suggestive of variant an- 

gina but no electrocardiogram recorded during the bout of pain. A small but definite incidence of serious compli- 

cations, including ventricular arrhythmias, severe transient hypotension, recurrent angina and a subendocardial 

infarction, occurred during a positive test. On the basis of these data, the authors recommend that (1) ergonovine 
continued on page A16 
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MINIPRESS Effect 
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Artist's representation of the lumen of an arteriole, 


dilation of which results in reduced peripheral resistance 
and blood pressure. 
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Relative hemodynamic changes at rest and during exercise after one year of 
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prazosin therapy in 10 hypertensive patients. Adapted from Lund-Johansen! 
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MIN IPRESS 
(Drazosin HCI) «5s 


Please see Brief Summary on last page © 1980, Pfizer Inc 





MINIPRESS 


prazosin HUI) EC 


2 mg, 5mg 
" Effectively lowers elevated blood pressure 
by reducing peripheral resistance. 


* Maintains cardiac output which allows 
patients to maintain an active life style. 


* Maintains renal blood flow and glomerular 
filtration rate so it can be used effectively 
even in patients with renal impairment. 


* Not a CNS agent so patients experience 
few of the troublesome CNS side effects 
that impair their quality of life. 


* Cardiovascular response to exercise is 
preserved so patients are less likely to 
experience the fatigue often associated 
with beta-blocker therapy. 


* A small percentage of patients have 
experienced orthostatic hypotension 
and syncope. 


Start with 
1mgb.i.d.* 


Initiate therapy 


B.LD. Dosage Titration... 


Titrate to 
5 mg b.i.d.* 


miniPRess | PRIZE 


Titrateto ~> 
2mgb.i.d* |: The usual 
maximum daily 
dosage is 20 mg in 
2 mg divided doses, although 

capsule a few patients may benefit 

ae from increases up to 40 mg 


1mg *Or tid. daily in divided doses. 


with evening dose. capsule 


BRIEF SUMMARY 
MINIPRESS® (prazosin hydrochloride) CAPSULES For Oral Use 


INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treatment 
of hypertension. As an antihypertensive drug, it is mild to moderate in activity. It can be 
used as the initial agent or it may be employed in a general treatment program in 
conjunction with a diuretic and/or other antihypertensive drugs as needed for proper 
patient response. 

WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with sudden 
loss of consciousness. In most cases this is believed to be due to an excessive postural 
hypotensive effect, although occasionally the syncopal episode has been preceded by a 
bout of severe tachycardia with heart rates of 120-160 beats per minute. Syncopal 
episodes have usually occurred within 30 to 90 minutes of the initial dose of the drug; 
occasionally they have been reported in association with rapid dosage increases or the 
introduction of another antihypertensive drug into the regimen of a patient taking high 
doses of MINIPRESS (prazosin hydrochloride). The incidence of syncopal episodes is 
approximately 1% in patients given an initial dose of 2 mg or greater. Clinical trials 
conducted during the investigational phase of this drug suggest that syncopal episodes 
can be minimized by limiting the initial dose of the drug to 1 mg, by subsequently 
increasing the dosage slowly, and by introducing any additional antihypertensive drugs 
into the patient’s regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also receiving a beta- 
blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and treated 
supportively as necessary. This adverse effect is self-limiting and in most cases does not 
recur after the initial period of therapy or during subsequent dose titration. 

Patients should always be started on the 1 mg capsules of MINIPRESS (prazosin 
hydrochloride). The 2 and 5 mg capsules are not indicated for initial therapy. 

More common than loss of consciousness are the symptoms often associated with 
lowering of the blood pressure, namely, dizziness and lightheadedness. The patient 
should be cautioned about these possible adverse effects and advised what measures to 
take should they develop. The patient should also be cautioned to avoid situations where 
injury could result should syncope occur during the initiation of MINIPRESS (prazosin 
hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in animal testing, 
the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not been 
established. MINIPRESS (prazosin hydrochloride) is not recommended in pregnant 
women unless the potential benefit outweighs potential risk to mother and fetus. 

Usage in Children: No clinical experience is available with the use of MINIPRESS 

(prazosin hydrochloride) in children. 
ADVERSE REACTIONS: The most common reactions associated with MINIPRESS 
(prazosin hydrochloride) therapy are: dizziness 10.3%, headache 7.896, drowsiness 7.696, 
lack of energy 6.996, weakness 6. 596, palpitations 5.3%, and nausea 4.996. In most 
instances side effects have disappeared with continued therapy or have been tolerated 
with no decrease in dose of drug. 





The following reactions have been associated with MINIPRESS (prazosin hydrochlo- 
ride), some of them rarely. (In some instances exact causal relationships have not been 
established) 

Gastrointestinal: vomiting, diarrhea. constipation, abdominal discomfort and/or 
pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus. 

Genitourinary: urinary frequency, incontinence, impotence. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports of 
cataract development or disappearance have been reported. In these instances, the exact 
causal relationship has not been established because the baseline observations were 
frequently inadequate. 

In more specific slit-lamp and fundusc pic studies, which included adequate baseline 
examinations, no drug-related abnormal ophthalmological findings have been reported. 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration: 

Initial Dose: | mg twoor three times a day. (See Warnings). 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 mg 
given in divided doses. The therapeutic dosages most commonly employed have ranged 
from 6 mg to 15 mg daily given in divided doses. Doses higher than 20 mg usually do not 
increase efficacy, however a few patients may benefit from further increases up to a daily 
dose of 40 mg given in divided doses. After initial titration some patients can be 
maintained adequately on a twice daily dosage regimen. 

Use With Other Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or 2 mg three 
times a day and retitration then carried out. 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg (white 
#431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and unit dose 
institutional packages of 100 (10 x l0's); and 5 mg (blue and white #438) capsules in 
bottles of 250, 500 and unit dose institutional packages of 100 (10 x 10's). 

More detailed information available on request 

Reference: 

1. Lund-Johansen P: Hemodynamic changes at rest and during exercise in 
long-term prazosin therapy for essential hypertension, in Prazosin Clinical 
Symposium Proceedings, published as a special report by Postgrad Med. New 
York, McGraw-Hill Book & Education Services Gr up, 1975, pp 45-52. 
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TAKE A LOOK AT HONEYWELLS NEW RECORDER 








If you're not seeing everything you expect from your 
present system, you should be looking at the LS-8—a 
totally new concept in presenting diagnostic information 
for echocardiography. 

It delivers crisp black and white echocardiograms 
that won't fade. Echocardiograms that are developed 
dry, without chemicals, and without any warm-up delay 
caused by speed changes. So you get an instant 
echocardiogram for immediate evaluation. 

And what an echocardiogram! Sharp and clear, 
with automatic intensity compensation for paper speeds 
from 5 to 100 mm/sec and the kind of high resolution 
and superior contrast that comes only from a wide and 
accurate gray scale range. Optional with direct print 
paper at 5 to 500 mm/sec. 

Specific application modules provide optimum 
performance in a wide variety of applications, including 


AND SEE WHAT YOU'VE BEEN MISSING 
IN ECHOCARDIOGRAMS. 








M-mode echo, video for real time, and B-scan. Other 
modules can interface with up to six physiological data 
channels and provide timelines. The 2 kHz frequency 
response of the data channels provides diagnostic- 
quality phonocardiography recordings. And since the 
LS-8 is convection-cooled, there's no fan noise, no 
acoustical interference on sensitive phonocardiography 
channels. 

Now add operation that's simpler than ever, a 
design that's quick and easy to service, and you have 
the LS-8, backed by the experience and expertise of 
people whose business is graphic recorder technology. 

Honeywell's new LS-8 Stripchart Recorder will 
deliver every bit of image quality your ultrasound systen 
is capable of. Ask your echo system supplier. Or contac 
Bob Shipman, Honeywell Test Instruments Division, 
Dept. AJC, Box 5227, Denver, Colorado 80217, phone 
303/773-4700. 


WE'LL SHOW YOU A BETTER WAY. 
Honeywell 
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testing be performed either in a coronary care unit environment in patients with known coronary anatomy or dur- 
ing Coronary arteriography; (2) patients with multiple severe fixed coronary obstructions not be tested; (3) the ini- 
tial ergonovine dose be limited to 0.0125 or 0.015 mg; (4) that ergonovine not be administered more often than 
at 5 minute intervals; and (5) patients with angina with S-T elevation during the test be treated immediately with 
intravenous or intracoronary nitroglycerin. 


931 Clinical Relevance of Exercise-Induced S-T Segment Elevation 


GARY L. STILES, ROBERT A. ROSATI and ANDREW G. WALLACE 


The previously reported association between wall motion abnormalities and exercise-induced S-T elevation ap- 
pears to be a function of the patient group studied. In patients in this study without prior myocardial infarction the 
cause of exercise-induced S-T elevation or depression did not appear to be related to the severity of the coro- 
nary lesions, ventricular function or wall motion abnormalities at rest. In patients with prior myocardial infarction 
exercise-induced S-T elevation appeared to be a marker of depressed left ventricular function such as poorer 
myocardial contractility, reduced ejection fraction and more aneurysm formation. The role of coronary spasm 
in the production of exercise-induced S-T elevation could not be defined. 


937 Nonfatal Myocardial Infarction in Medically Treated Patients With Coronary Artery Disease 


PHILIP J. HARRIS, FRANK E. HARRELL, Jr., KERRY L. LEE and ROBERT A. ROSATI 


Left ventricular function, specific coronary anatomy, previous myocardial infarction and age proved the most im- 
portant patient discriminators associated with nonfatal myocardial infarction as the first event after cardiac cath- 
eterization in 1,214 medically treated patients with coronary artery disease. In any subset of patients with a uni- 
form risk of ischemic events (nonfatal infarction or death), nonfatal infarction is most likely to occur in those who 
are young, have had no previous infarction, have subtotal left anterior descending and right coronary arterial ste- 
nosis and normal hemodynamics. In patients less than 45 years old, 57 percent of the events were nonfatal: in 
patients 55 years and older, only 27 percent were nonfatal. 


943 Platelet Function Studies in Coronary Heart Disease. IX. Increased Platelet Prostaglandin Generation 


and Abnormal Platelet Sensitivity to Prostacyclin Endoperoxide Analog in Angina Pectoris 


JAWAHAR MEHTA, PAULETTE MEHTA and C. RICHARD CONTI 


This study in 22 patients aged 44 to 71 years with a history of angina pectoris suggests that increased platelet 
prostaglandin generation and abnormal platelet sensitivity to prostacyclin and endoperoxide analog are impor- 
tant potential mechanisms in the pathogenesis of myocardial ischemia and may have important pathophysiolog- 
ic implications. Platelet malondialdehyde production was higher in these patients with angina pectoris than in 
control subjects. Their platelets were significantly less sensitive to prostacyclin's antiaggregatory effects and 
less epoxymethanodienoic acid was required to induce 50 percent platelet aggregation than in the normal 
subjects. The important implications of these findings in the pathogenesis of myocardial ischemia are dis- 
cussed. 


948 Electrophysiologic and Hemodynamic Studies in Patients Resuscitated From Cardiac Arrest 
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MARK E. JOSEPHSON, LEONARD N. HOROWITZ, SCOTT R. SPIELMAN and ALLAN M. GREENSPAN 


Electrophysiologic studies performed in 52 patients resuscitated from cardiac arrest reveal ventricular tachycar- 


dia often precipitated cardiac arrest in these subjects. In those in whom ventricular tachycardia or fibrillation was 


induced in the laboratory, cardiac catheterization revealed more marked impairment of hemodynamic function, 
more severe coronary disease, lower mean cardiac index, higher left ventricular end-diastolic pressure and 
lower ejection fraction than in those in whom no arrhythmia could be induced. Coronary artery disease was 
present in 23 of 28 patients with inducible arrhythmias. The initiating mechanism of the cardiac arrest in the 19 
patients in whom no ventricular tachyarrhythmias were induced remains uncertain. The lack of success of the 
empiric use of antiarrhythmic drugs to prevent sudden death most likely results from the incorrect choice of anti- 
arrhythmic agent, inadequate dosage, poor patient compliance or all three. Electrophysiologic testing may pro- 
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CHEWABLE SORBITRATE 


(ISOSORBIDE DINITRATE) 5mg.or 10 mg. 


dependable, prolonged protection during periods of emotional or physical exertion. 


Summary Of Prescribing Information 


Indications: Based on a review of this drug by The 
National Academy of Sciences—National Re- 
search Council and/or other information, FDA has 
classified the indications as follows: 

“Probably” effective: The chewable dosage form 


of SORBITRATE is indicated for the treatment of 
acute anginal attacks and for prophylaxis in situa- 
tions likely to provoke such attacks. 

Final classification of the less-than-effective indi- 
cations requires further investigation. 





Contraindications: A history of sensitivity to the drug 
Warnings: Data supporting the use of nitrates during 
the early days of the acute phase of myocardial infarction 
are insufficient to establish safety. 

Precautions: Tolerance and cross tolerance to other 


nitrates may occur 
Adverse Reactions: Headache which may be severe 
and persistent. Lowering the dose and using analgesics 
will help control the headaches which usually diminish 
or disappear as therapy is continued 

Adverse reactions seen occasionally: Cutaneous vaso- 
dilation with flushing; transient dizziness and weakness 
as well as other signs of cerebral ischemia associated 
with postural hypotension: individual marked sensitivity 
to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect); drug rash and/or 
exfoliative dermatitis 

This drug can act as a physiological antagonist 
to norepinephrine, acetylcholine, histamine and other 
agents. 


Dosage and Administration: Individual Dose: To mini- 
mize hypotensive responses, which may occasionally be 


severe with chewable doses as low as 5 mg., the smallest 
effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. 

Dosage Schedule: Smallest effective dose necessary for 
the prevention and treatment of pain of an angina attack. 
CHEWABLE SORBITRATE* (isosorbide dinitrate} may 
be taken for prompt relief of angina pain three or four 
times daily Although the onset and duration of effect 
of coronary nitrates may vary, following is the gener 
ally reported range of these values for CHEWABLE 
SORBITRATE. 

Onset of Effect: Two to five minutes. 

Duration of Effect: One to two hours 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc. 
Wilmington, DE 19897 
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Programalith 6 is 
the full six -parameter 
interrogatable, programmable 
pacemaker. In conjunction with 
the Programmer, Programalith 6 
provides the physician with 

the means for comprehensive 
paced-patient management 
while obviating many common 
reasons for invasive pacing 
system revision. 











Systems. Inc. 
PROGAAALITH 


PROGRAMMABLE 
INTERROGATABLE 
PULSE GENERATOI 


For less critical 
applications, Programalith 3 
provides the physician with 
the same basic interrogation 
capabilities as Programalith 6 
as well as three programming 
functions -pacing rate, pulse 
width and sensitivity — all wit! 
multiple options. 


Only after you have reached the ultimate in sophistication can you truly simpli 
This new 6-3-1-0 family of Programalith® Interrogatable™ pacemakers is id 
demonstration of that fact. It is the most flexible system ever offered the physici 
Even the simplest of these four pulse generators offers the all-important Pacesett 
exclusive: a simple method of calculating years of remaining battery capac 

as well as an accurate determination of possible problems and their locatic 
through measurement by interrogation of lead and heart interface impedani 
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Programalith 1 For simplest applications, 
interrogates and programs a Programalith 0 requires no programming, 
single parameter - pacing rate — yet can still be interrogated for all measurec 
allowing the physician to choose data, providing invaluable assistance in lon 
from 12 different options and term patient À 
provides the all-important management. 
interrogation function | 
as well. 
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vide data on which to base more successful therapy, medical or surgical, in patients resuscitated from cardiac 
arrest. 


956 Amount of Narrowing by Atherosclerotic Plaque in 44 Nonbypassed and 52 Bypassed Major Epicardial 


Coronary Arteries in 32 Necropsy Patients Who Died Within 1 Month of Aortocoronary Bypass Grafting 


BRUCE F. WALLER and WILLIAM C. ROBERTS 


In 32 necropsy patients who died within 30 days of an aortocoronary bypass operation for relief of angina pecto- 
ris, the lumens in 42 (95 percent) of 44 nonbypassed and in all 52 bypassed arteries were narrowed 76 to 100 
percent in cross-sectional area by atherosclerotic plaque. This study further demonstrated not only that the ne- 
cropsy patients with angina pectoris who died soon after operation had diffuse coronary atherosclerosis, but also 
that their preoperative angiograms frequently underestimated the severity of their coronary narrowing. 


963 Results of Operation for Obstructive Hypertrophic Cardiomyopathy in the Elderly: Septal Myotomy and 


Myectomy in 20 Patients 65 Years or Older 


JEAN-PAUL KOCH, BARRY J. MARON, STEPHEN E. EPSTEIN and ANDREW G. MORROW 


These results of operative treatment in 20 patients with hypertrophic cardiomyopathy 65 year of age and older 
show that septal myotomy and myectomy can produce gratifying symptomatic and hemodynamic improvement. 
Operation decreased markedly or abolished the left ventricular gradient in the 17 patients who underwent post- 
operative cardiac catheterization. Sixteen of the 18 long-term survivors have had persistent and significant func- 
tional improvement for up to 6 years after surgery, including 7 patients who are now asymptomatic. One patient 
died on the second postoperative day and complete heart block developed in two others. Septal myotomy and 
myectomy should be considered in patients over the age of 65 who do not obtain symptomatic benefit from pro- 
pranolol or verapamil. Morbidity and mortality from operation were not greater in older patients than in those op- 
erated on earlier in life. 


EXPERIMENTAL STUDIES 


967 Lidocaine-Induced Reduction in Size of Experimental Myocardial Infarction 


FRED N. NASSER, JOSEPH T. WALLS, WILLIAM D. EDWARDS and CARLOS E. HARRISON, Jr. 


In these anesthetized open chest dogs subjected to 40 minutes of occlusion of the left anterior descending ar- 
tery, followed by 5 hours of reperfusion, the infusion of lidocaine significantly reduced the size of the experimen- 
tally produced myocardial infarction, probably by reduction of oxygen utilization. These experiments demon- 
strated a decrease in mitochondrial state 3 respiratory rate after the administration of lidocaine. The reduction 
of myocardial infarct size did not depend on enhanced myocardial flow and was independent of left ventricular 
stroke work. Pretreatment with lidocaine is not needed to decrease infarct size or to permit lidocaine to reach 
the ischemic zone. As a result, lidocaine therapy to preserve ischemic myocardial cells could potentially be 
given to patients who have acute coronary insufficiency before or early in the course of myocardial infarction. 


976 Comparison of Multigated Radionuclide Angiography With Ultrasonic Sonomicrometry Over a Wide 


A20 


Range of Ventricular Function in the Conscious Dog 


JUDITH L. SWAIN, KENNETH G. MORRIS, FREDERICK P. BRUNO and FREDERICK R. COBB 


Comparing the simultaneous, noninvasive assessment of left ventricular function by multigated radionuclide an- 
giography with that obtained with ultrasonic sonomicrometry in six conscious dogs, these investigators found 
that the former technique reliably assessed changes in ejection fraction and dV/dt over a wide range of ventricu- 
lar function. There was a good correlation between the two techniques. In general, however, radionculide angio- 


continued on page A24 
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Even among patients with DBPi in the low 90s 
systematic therapy significantly 


reduced mortality: 


m Of nearly 11,000 hypertensives identified by the Hypertensior 
Detection and Follow-up Program, slightly more than 70% had 
mild hypertension (DBP 90-104 mm. Hg).' 


-wHalf were given systematic and aggressive care in HDFP cen 
ters; half were referred to customary sources of medical care. 


m After 5 years, HDFP found that effective treatment of mild 
hypertension may reduce premature deaths by 20%." 


w As part of HDFP's systematic treatment and follow-up pro- 
gram, the primary step-1 agent was chlorthalidone: Hygroton** 


The primary agent used by the HDFP 


in an effective low dose 


(chiorthalidone USP) 


Because theres nothing mild 
about mild hypertension 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in edema. Contraindications: Anuria, hypersensitivity to 
chlorthalidone or other sulfonamide-derived drugs. Warnings: Should be used with caution in severe renal 
disease, impaired hepatic function or progressive liver disease. May add to or potentiate the action of other 
antihypertensive drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma. 
There is a possibility of exacerbation or activation of systemic lupus erythematosus with thiazides, which are 
related to chlorthalidone. This has not been reported with chlorthalidone. Thiazides cross the placental barrier and 
appear in cord blood. Use in pregnant women requires that the anticipated benefits of the drug be weighed against 
possible hazards to the fetus. These hazards include fetal or neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placental barrier 
and appear in breast milk. If use of the drug is essential, the patient should stop nursing. 

Precautions: Periodic determination of serum electrolytes to detect possible electrolyte imbalance should be 
performed at appropriate intervals. All patients receiving chlorthalidone should be observed for clinical signs of 
fluid or electrolyte imbalance; namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum and urine 
electrolyte determinations are particularly importan! when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop 
with chlorthalidone as with any other potent diuretic, especially with brisk diuresis, when severe cirrhosis is 
present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electrolyte intake 
will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially 
with reference to myocardial activity. Any chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver disease or renal disease). Dilutional hyponatremia 
may occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain 
patients. Insulin requirements in diabetic patients may be increased, decreased, or unchanged and latent diabetes 
mellitus may become manifest. Chlorthalidone and related drugs may increase the responsiveness to tubocurarine 
The antihypertensive effects of the drug may be enhanced in the postsympathectomy patient. Chiorthalidone and 


related drugs may decrease arterial responsiveness to norepinephrine. If progressive renal impairment becomes 
evident, as indicated by a rising nonprotein nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given to withholding or discontinuing diuretic therapy. Chlorthalidone and related 
drugs may decrease serum PBI levels without signs of thyroid disturbance. Adverse Reactions: Anorexia, gastric 
irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, xanthopsia; leukopenia, agranulocytosis, 
thrombocytopenia, aplastic anemia; purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypotension may occur and may 
be aggravated by alcohol, barbiturates or narcotics. Other adverse reactions include hyperglycemia, glycosuria, 
hyperuricemia, muscle spasm, weakness, restlessness, impotence. Whenever adverse reactions are moderate or 
severe, chlorthalidone dosage should be reduced or therapy withdrawn. 

Usual Dose: One tablet daily. How Supplied: Tablets— 100 mg. (white, scored), 50 mg. (aqua) in bottles of 100, 
1000 and 5000; 25 mg (peach) in bottles of 100 and 1000; unit-dose blister packs, boxes of 100 (10 x 10 strips) 


References: 

1. Five-year Findings of the Hypertension Detection and Follow-up Program: 1. Reduction in Mortality of Persons 
With High Blood Pressure, Including Mild Hypertension, JAMA 242: 2562, Dec. 7, 1979. 2. Payne, G.H.: 
Presentation of HDFP findings (Nov. 27, 1979), data on file, USV Laboratories. 





No other arrhythmia detection system gives you all this: 


Dramatically reduced false alarms 


We start with template matching—the preferred 
method—to discriminate between the patient's 


dominant beat and ectopics. But only Arrhythmia II 


adds two unique features to screen out artifact, 
ensuring that only qualified ectopic activity 
triggers alarms or is included in trends: (1) each 
abnormal beat must appear four times before it's 
accepted as a true” ectopic class, and (2) our 
 over-range" circuitry suspends ECG processing 
for a minimum of five seconds when it detects 
excessive noise. 


More meaningful patient information 


Other computerized arrhythmia detection systems 
may accurately detect and record ectopic activity. 
But we just start there. Only Arrhythmia II allows 
you to select those ectopics that are particularly 
important for a patient and to include only those 
ectopics in trends. You can quickly recall classes 
of ectopics and their frequency over 24 hours. 
And, on the Editor, you can trend a specific class 
or combination of classes for 1, 2, 8 or 24 hours. 
without having to edit out each occurrence of 
unwanted information. 
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See effects of treatment on one screen A computer for each patient 

Only Arrhythmia II lets you trend medications, Hospitals using minicomputer systems have 

ectopics and vital signs on one display, in a concise experienced the loss of critical data on all 

and easy-to-interpret format. And it provides patients connected to the system when the 

24-hour recall so the precise information on computer malfunctions. But that can t happen 

ectopics, vital signs and medications is available with Arrhythmia II, because each patient 

for any specific time. has his own computer. And any malfunction 
only affects that one patient. The micropro- 
cessor-based cardule can then be replaced 
in minutes and easily repaired by simply 
inserting a new circuit board. 


We designed Arrhythmia Il to solve clinical problems 
that other arrhythmia systems have not even 
tried to solve. We feel it represents our care and 
concern in applying technology to the clinical 
setting —an approach that has made Spacelabs the 
fastest growing company in patient monitoring today. 


But you don't have to take our word for it. Call us 
today (213-882-9560, collect) to arrange for an 
evaluation in your hospital. Then we think you ll agree 
with the growing number of your colleagues who 
believe that Arrhythmia II is the best 


system available. S p acelabs 
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graphic measurements overestimated the ejection fraction by comparison with sonomicrometric measurements 
and the overestimation increased as ejection fraction increased. 


METHODS 


983 Tricuspid Regurgitation in Tricuspid Valve Prolapse Demonstrated With Contrast Cross-Sectional 
Echocardiography 


CHIN C. CHEN, JOEL MORGANROTH, T. JOSEPH MARDELLI and MASAHITO NAITO 


Contrast cross-sectional echocardiography proved reliable for identifying tricuspid regurgitation with a high de- 
gree of specificity and sensitivity. Patients with tricuspid valve prolapse had a 40 percent prevalence rate of tri- 
cuspid regurgitation. These patients require careful follow-up care. In patients with minimal or low pressure tri- 
cuspid regurgitation, whose murmur is usually not holosystolic and is nonspecific in character, cross-sectional 
echocardiography with contrast enhancement appears to provide a sensitive and specific means of diagnosing 
tricuspid regurgitation. 


988 Body Surface Distribution of Exercise-Induced QRS Changes in Normal Subjects 
DAVID M. MIRVIS 


Analysis of the anterior thoracic isopotential distributions of the electrocardiogram at rest and during exercise 
at 85 percent of maximal heart rate in 30 normal male volunteers showed (1) reduction in peak positive potential 
at rest but not at all instants in the QRS complex without a shift in extrema location; (2) an increase in peak nega- 
tive potential at all time points in most subjects; (3) the location-dependent nature of the R and S waves and QRS 
complex amplitude changes in individual hearts; and (4) continuity of QRS changes spatially but not in magnitude 
with those detected during other portions of the cardiac cycle. Exercise reduced the positive forces and aug- 
mented negative voltages at most anterior thoracic sites but did not significantly alter the location of map extre- 
ma. Difference maps suggest that exercise generated an electrical field characterized by a central anterior max- 
imum bordered superiorly by positive potentials. It appears unlikely that changes in intracavitary blood mass and 
atrial repolarization are solely responsible for the effects observed in this study. 


997 Improved Catheter for Regional Coronary Sinus Flow and Metabolic Studies 
DONALD S. BAIM, MARTIN T. ROTHMAN and DONALD C. HARRISON 


Tested successfully in eight patients, this improved coronary sinus catheter facilitates catheterization of the 
great cardiac vein and allows regional determinations of both cardiac venous flow and metabolism using a single 
catheter. No episodes of perforation, tamponade or serious cardiac arrhythmias resulted from its use. 


PEDIATRIC CARDIOLOGY 


1001 Management of Aortic Arch Interruption With Prostaglandin E. Infusions and Microporous Expanded 
Polytetrafluoroethylene Grafts 


KENNETH G. ZAHKA, J. MICHEL A. ROLAND, ANTHONY F. CUTILLETTA, TIMOTHY J. GARDNER, 
JAMES S. DONAHOO and LANGFORD KIDD 


This report describes the management of eight infants, all less than 4 days old, with interruption of the aortic 
arch. Five of six infants responded dramatically to the administration of prostaglandin E, with the return of their 
limb pulses, abatement of peripheral vasoconstriction and lessening of their metabolic acidosis. Seven of the 
group subsequently underwent aortic reconstruction with a polytetrafluoroethylene graft which allows for suc- 
cessful shunting of small caliber blood vessels. The combined use of prostaglandin E, and polytetrafluoroethy- 


continued on page A30 
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Average number of weekly attacks 





Once-a-day, everyday, 
Corgard offers round-the-clock 
protection 


A single daily dose of Corgard offers prophylaxis in 


angina pectoris, helping to protect the patient all 
day and all night from painful attacks. And in 


extended clinical studies, the efficacy of Corgard — 


as demonstrated by a decreased rate of anginal 
attacks and an increase in exercise tolerance — 
was maintained.! 
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Decrease in number of anginal attacks maintained 
during long-term therapy with UU ELO 


12 months 
(83 patients) 


18 months 
(47 patients) 


6 months 
(89 patients) 


3 months 
(93 patients) 


*Seventeen patients also received long-acting nitrates and/or 
dipyridamole at some time during the long-term therapy period. 





Once-a-day, everyday, 
Corgard decreases the frequency 
of anginal attacks 

Corgard taken just once daily offers round-the- 
clock protection from angina pain. In one short- 
term study, Corgard, once a day, decreased the 
average number of anginal attacks per week in 
115 patients with angina, from 13.6 pretherapy 

to 6.4 at the end of 14 weeks of therapy, a mean 
decrease of 59%.'i In.19% of the 115 patients, 
anginal attacks were completely eliminated. And 
the long half-life (20.10 24 hoürs) makes Corgard 
the once-a-day beta-blocker, promoting patient 
compliance. 





is the data presented above, dosages were individually titrated to achieve 


response. Maintenance dosages ranged from 40 to 240 mg Corgard 


Improvement in exercise tolerance maintained 
during long-term therapy with Corgard't 


[iM 


Average exercise time (in seconds) 


3 months 6 months 12 months 18 months 
(206 patients) (194 patients) (149 patients) (7? patients) 
Seventeen patients also received long-acting nitrates and/or 
dipyridamole at some time during the long-term therapy period. 





Once-a-day, everyday, Once-a-day, everyday, 
Corgard increases exercise Corgard decreases nitroglycerin 
tolerance 


Corgard allows the angina patient to do more. In Corgard blocks catecholamine influence on 

147 patients in the same short-term study asthe one myocardial activity, decreases myocardial oxygen 
at left, Corgard, once a day, increased ergometry demand, and does not have a direct myocardial 
time by 25%, improving exercise tolerance from depressant effect. 


an average of 365 seconds pretherapy to 427 seconds 
at the end of 14 weeks of therapy: In 21% of the 147 
patients, the end point of exercise was fatigue rather 
than angina pain. And the single daily dose of 
Corgard can be taken at the patient's convenience, 
without regard to meals. 


CORGARD 


nadolol tablets 


40 mg, 80 mg, and 120 mg tablets 


The common-sense beta-blocker 
for angina pectoris 
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See next page for brief summary. 


_ Effective control of angina pectoris... 
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CORGARD® TABLETS 

Nadolol Tablets 

DESCRIPTION: Corgard (nadolol) is a synthetic nonselective beta-adrenergic receptor 
locking agent. 

ZONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first 
legree conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vital component sup- 
sorting circulatory function in congestive heart failure, and its inhibition by beta- 
lockade may precipitate more severe failure. Although beta-blockers should be avoided 
n overt congestive heart failure, if necessary, they can be used with caution in patients 
vith a history of failure who are well-compensated, usually with digitalis and diuretics. 
Jeta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 
nuscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued 
ise of beta-blockers can, in some cases, lead to cardiac failure; therefore, at first sign or 
ymptom of heart failure, digitalize and/or give diuretics, and closely observe response, 
r discontinue nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 
have occurred after abrupt discontinuation of such therapy. When discontinuing chronic 
use of nadolol, particularly in patients with ischemic heart disease, gradually reduce 
dosage over a 1- to 2-week period and carefully monitor the patient. Reinstitute 
nadolol promptly (at least temporarily) and take other measures appropriate for 
management of unstable angina if angina markedly worsens or acute coronary in- 
sufficiency develops. Warn patients not to interrupt or discontinue therapy without 
physician’s advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even 

in patients treated only for hypertension. 


Nonallergic Bronch (e.g., chronic bronchitis, emphysema) — PATIENTS WITH 
IRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA- 
‘LOCKERS. Administer nadolol with caution since it may block bronchodilation pro- 
uced by endogenous or exogenous catecholamine stimulation of beta, receptors. 

Major Surgery — Because beta-blockade impairs the ability of the heart to respond to 
eflex stimuli and may increase risks of general anesthesia and surgical procedures, 
esulting in protracted hypotension or low cardiac output, it has generally been sug- 
ested that such therapy should be withdrawn several days prior to surgery. Recognition 
f the increased sensitivity to catecholamines of patients recently withdrawn from beta- 
locker therapy, however, has made this recommendation controversial. If possible, 
fithdraw beta-blockers well before surgery takes place. In emergency surgery, inform 
1e anesthesiologist that the patient is on beta-blocker therapy. Use of beta-receptor 
gonists such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse the 
ffects of nadolol. Difficulty in restarting and maintaining the heart beat has also been 
ported with beta-adrenergic receptor blocking agents. 

Diabetes and Hypoglycemia — Beta-adrenergic blockade may prevent the appearance 
f premonitory signs and symptoms (e.g., tachycardia and blood pressure changes) of 
cute hypoglycemia. This is especially important with labile diabetics. Beta-blockade also 
»duces release of insulin in response to hyperglycemia; therefore, it may be necessary to 
djust dose of antidiabetic drugs. 

Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs (e.g., 
ichycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic 
lockade which might precipitate a thyroid storm, carefully manage patients suspected 
f developing thyrotoxicosis. 

RECAUTIONS: Impaired Hepatic or Renal Function — Use nadolol with caution in 
resence of either of these conditions (see DOSAGE AND ADMINISTRATION sec- 
on of package insert). 

Information for Patients — Warn patients, especially those with evidence of coronary 
rtery insufficiency, against interruption or discontinuation of nadolol without physician's 
dvice. Although cardiac failure rarely occurs in properly selected patients, advise 
atients being treated with beta-adrenergic blocking agents to consult physician at first 
gn or symptom of impending failure. 

Drug Interactions — Catecholamine-depleting drugs (e.g., reserpine) may have an 
dditive effect when given with beta-blocking agents. When treating patients with 
adolol plus a catecholamine-depleting agent, carefully observe for evidence of hypoten- 
on and/or excessive bradycardia which may produce vertigo, syncope, or postural 
ypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility — In 1 to 2 years' oral 
xicologic studies in mice, rats, and dogs, nadolol did not produce significant toxic 
fects. In 2-year oral carcinogenic studies in rats and mice, nadolol did not produce 
»oplastic, preneoplastic, or nonneoplastic pathologic lesions. 

P — In animal reproduction studies with nadolol, evidence of embryo- and 
totoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times 














and hypertension 


CORGARD 


nadolol tablets 


40 mg, 80 mg, and 120 mg tablets 


greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic poten- 
tial was seen in any of these species. There are no well-controlled studies in pregnant 
women; therefore, use nadolol in pregnant women only if potential benefit justifies 
potential risk to the fetus. 

Nursing Mothers — It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, exercise caution when nadolol is administered to a 
nursing woman. Animal studies showed that nadolol is found in the milk of lactating rats. 

Pediatric Use — Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per minute occurs 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia 
were seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually 
of the Raynaud type, have occurred in approximately 2 of 100 patients. Cardiac failure, 
hypotension, and rhythm/conduction disturbances have each occurred in about 1 of 100 
patients. Single instances of first degree and third degree heart block have been reported; 
intensification of AV block is a known effect of beta-blockers (see also CONTRAIN- 
DICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous System — 
Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, sedation, 
and change in behavior reported in approximately 6 of 1000 patients. Respiratory — 
Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDICA- 
TIONS and WARNINGS). Gastrointestinal -— Nausea, diarrhea, abdominal discom- 
fort, constipation, vomiting, indigestion, anorexia, bloating, and flatulence each 
reported in 1 to 5 of 1000 patients. Miscellaneous — Each of the following reported in 1 
to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 
decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision. Although relationship to drug usage is not clear, sleep 
disturbances have been reported. The oculomucocutaneous syndrome associated with 
practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with other beta- 
adrenergic blocking agents have not been reported with nadolol, they should be considered 
potential adverse effects of nadolol. Central Nervous System — reversible mental depres- 
sion progressing to catatonia; visual disturbances; hallucinations; an acute reversible 
syndrome characterized by disorientation for time and place; short-term memory loss, 
emotional lability with slightly clouded sensorium; decreased performance on neuro- 
psychometrics. Gastrointestinal — mesenteric arterial thrombosis; ischemic colitis. 
Hematologic — agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. 
Allergic — fever combined with aching and sore throat; laryngospasm; respiratory distress. 
Miscellaneous — reversible alopecia; Peyronie's disease; erythematous rash. 
OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, employ the following measures as appropriate. In deter- 
mining duration of corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is no response 
to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been reported 
that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. (There is 
evidence that epinephrine may be the drug of choice.) 

à Bronchospasm — Administer a beta;-stimulating agent and/or a theophylline 
erivative. 
DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing 
of the heart rate; usual maintenance dose is 80 to 240 mg q.d. (most patients respond to |) 
mg or less daily). If treatment is to be discontinued, reduce dosage gradually over a 
period of 1 to 2 weeks (see WARNINGS). 

For hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 80 to 320 mg q.d. (rarely, doses up to 640 mg may be needed). 

Patients with renal failure require adjustment in dosing interval — see package insert 
for dosage in these patients. 

For full prescribing information, consult package insert. 

HOW SUPPLIED: In scored tablets containing 40, 80, or 120 mg nadolol per tablet in 
bottles of 100 and 1000 tablets and in Unimatic® single-dose packs of 100 tablets, 





Reference: 
l. Data on file, Squibb Institute for Medical Research. 
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He might be 
running 


for his life 


Vhether he’s in a cardiac conditioning, diagnostic or rehabilitation program, your patient deserves the best in 
xercise equipment. At Collins, we've been making the best for sixty years. From our first treadmill to our newest 
'edalmate ergometer, each product has been developed to meet the Collins standard of excellence — innovative 
lesign, durable construction and easy operation. 





'he result has been a continuing tradition of superior instruments that reflect not only the latest technology, but a 
oncern for patient comfort and safety as well. Each treadmill features handrails, a large usable walking area and a 
ew fiberglass fabric-coated surface under the belt to minimize friction and wear. Our four treadmills offer speed 
anges up to 16 mph and electric lift from 0-40%. For precise manual or automatic heart rate control capabilities, 
he Pedalmate combines the convenience of an exercise bicycle with the choice of either a 25-200 or 50-400 watt 
rake unit. 





ligh quality plus performance — it all adds up to product integrity that has made Collins 
he first choice for over half a century. So when you need exercise equipment, C lli 

hoose Collins. You'll be sure of the best for your patient — and yourself. Write today O INS 
or our latest catalog. 
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Compact Treadmill nen 
0.5-4.5 mph or 0.8-8.0 mph, 0-25% lift Pedalmate Ergometer M roh nhe 


Manual or Automatic Heart Rate Control 


Warren E. Collins. Inc.. 220 Wood Road, Braintree, Massachusetts 02184 (617) 843-0610 
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lene grafts has improved the immediate prognosis for neonates with interruption of the aortic arch, but the long- 
term mortality rate of 62 percent remains high. 


1006 Stress-Induced Ventricular Arrhythmia After Repair of Tetralogy of Fallot 
ARTHUR GARSON, Jr., PAUL C. GILLETTE, HOWARD P. GUTGESELL and DAN G. McNAMARA 


Treadmill exercise testing with a modified Bruce protocol in 104 patients at a mean age of 13.8 years an average 
of 7 years after repair of tetralogy of Fallot induced ventricular arrhythmias in 30 percent of the group. Five of 15 
patients with arrhythmia at rest had more arrhythmia during exercise. Ventricular arrhythmia during treadmill ex- 
ercise was related to abnormal hemodynamic status. Since multiform premature ventricular complexes, cou- 
plets or ventricular tachycardia with exercise testing are highly associated with abnormal hemodynamic status 
and sudden death, patients after repair of tetralogy of Fallot should be treated for ventricular antiarrhythmic med- 
ication. Patients with good hemodynamic results and single uniform premature ventricular complexes may bene- 
fit from the administration of a relatively benign drug such as phenytoin. 


1013 Dual Atrioventricular Nodal Pathways: A Benign Finding in Arrhythmia-Free Children With Heart 
Disease 


ALFONSO CASTA, GRACE S. WOLFF, ASHOK V. MEHTA, DOLORES TAMER, OTTO L. GARCIA, 
ARTHUR S. PICKOFF, PEDOR L. FERRER, RUEY J. SUNG and HENRY GELBAND 


Diagnostic cardiac catheterization and electrophysiologic studies in 78 children with associated congenital or 
acquired heart disease revealed dual A-V nodal pathways in 35 percent of the 51 postoperative subjects. Supra- 
ventricular tachycardia was neither induced during electrophysiologic evaluation nor did it develop over a follow- 
up period of 1 month to 15 years. These observations indicate that dual A-V nodal pathways are common in ar- 
rhythmia-free children with heart disease and probably represent functional properties of the human A-V node. 
The effective and functional refractory periods of the fast A-V nodal pathway ranged between 220 to 570 and 
270 to 610 ms, respectively; those of the slow A-V nodal pathway ranged between 240 to 450 and 350 to 665 
ms, respectively. The A-V nodal pathway did not differ significantly in patients studied before and after opera- 
tion. 


REPORTS ON THERAPY 


1019 Antianginal and Myocardial Metabolic Properties of Verapamil in Coronary Artery Disease 
JACK FERLINZ and MARVIN E. TURBOW 


In 12 men with significant coronary artery disease studied at rest and during stress with atrial pacing before and 
after intravenous treatment with verapamil, this drug was found to decrease left ventricular myocardial metabol- 
ic demands and greatly increase the threshold to angina. Angina pectoris occurred in all patients stressed with 
atrial pacing before treatment with verapamil; the mean threshold to pain was 93 + 67 seconds. After infusion 
of verapamil, the threshold to pain increased to 191 + 183 seconds in six patients and the remaining six experi- 
enced no pain. In this study the administration of verapamil invariably decreased the coronary blood flow and 
produced a decrease in the myocardial oxygen consumption that paralleled the decrease in coronary flow. Coro- 
nary vascular resistance did not change appreciably. 


1027 Efficacy of Diltiazem for Control of Symptoms of Coronary Arterial Spasm 


STEVEN J. ROSENTHAL, ROBERT GINSBURG, IRENE H. LAMB, DONALD S. BAIM and 
JOHN S. SCHROEDER 


Diltiazem administered in a prospective randomized double-blind crossover trial to 13 patients with clinical angi- 
na attributed to documented coronary arterial spasm proved highly effective in controlling the symptoms of ac- 
tive coronary arterial spasm without side effects and with excellent patient tolerance. In this study 6 of the 13 pa- 
tients given the lower dosage (120 mg/day) and four patients given the higher dosage (240 mg/day) of diltiazem 
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Look what the 
well-dressed 
cardiac 
| patient 

is wearing 
this year. 


CardioESCORT. 

Burdick's newest pocket-sized 
ambulatory ECG v ra 

and recording system. 








With Burdick's compact, lightweight 4 
CardioESCORT™ on your patient's 
side, it's almost as if you were by his 
side — during most of his activities. 
CardioESCORT assures detection of 
cardiac events both for patients you 
know or suspect to have cardiac 
abnormalities, and for patients 
undergoing cardiac rehabilitation. 
CardioESCORT tells you what you need to know, when 
you need to know it . . . without costly continuous 24-hour 
monitoring. CardioESCORT gives your patient complete 
mobility . . . gives you the assurance of accurate day and night monitoring. 


For your patient... CardioESCORT is easy to operate and easy to 
live with. Only 13 ounces, it's light enough to be worn in a pocket, over the 
shoulder, or on the hip and activated as simply as a portable tape 
recorder. If the patient feels unusual symptoms, he can verbally record his 
reactions on tape as he activates a recording of his electrocardiogram. 


For you — Intermittent monitoring . .. unlike continuous 24-hour 
monitoring systems, CardioESCORT provides data that is read directly by 
you, the physician. You read the ECG produced on your own 
electrocardiograph. Most importantly, you get a significant sampling 
without relying on high-cost scanners to process 24-hour continuous 
tracings. Simply stated, you get higher quality with less quantity — a 
benefit that means less cost to your patient. 

The little monitor with the big capability ... because of its compact 
design and light weight, the new CardioESCORT is ideal for monitoring 
the irregularities that can lead to such cardio-related symptoms as 
transient dyspnea, angina, cerebral ischemia, dizziness or fainting. 


See for yourself what the well-dressed cardiac patient is wearing. For 
more information or a demonstration, call or write 
The Burdick Corporation, Milton, Wisconsin 53563. 


BURDICK 
Mag k Toll free 800-356-0701 epee: 
ae In Wisconsin: 608-868-7631 


A concern for Cardiac care. 





CONGESTIVE HEART FAILURE: 
NO TIME TO INTRODUCE 
VARIABLES. 
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If you wouldn't think of changing 








your brand of digitalis, shouldn't you 
think twice before switching from 
LASIX furosemide to a substitute? 


BRAND OF 


Both digitalis and diuretics are almost 
always used in congestive heart failure. 


But both can cause serious cardiac arrhyth- 


mias.' Digitalis, because digitalization 

is one of the most precarious titrations in 
all of medicine. And diuretics, because 
diuretic-induced hypokalemia increases 
the vulnerability to digitalis toxicity.” 

See warnings and precautions in the brief 
summary of product information on the 
next page. 


In serious congestive heart failure, 
the diuretic most frequently administered 
with digitalis is LASrx® brand of furosemide. 
However, the bioavailability of furosemide 
may be significantly altered by a change in 
tablet disintegrants and/or excipients.**” 
And variations in the bioavailability of 
unlawfully-marketed furosemide tablets 
have produced unpredictable and serious 
clinical effects." 


Therefore, once the patient is stabi- 
lized on digitalis and LASIx®, changes in 
his cardiac regimen should be minimized. 


LASIX*—the diuretic with the best record 
of success in all degrees of congestive heart 
failure. 


LASIX® is the original brand of 
furosemide. It is LAsrx® that established 
the standard for furosemide performance. 
It is LAsIX* that is the subject of almost 
6,000 published papers. It is LASIx® that 
has been used successfully in millions of 
digitalized patients over the past 14 years. 
And it is LAsIx* that has a remarkable 
quality-control record—almost 8 billion 
tablets manufactured without a single 
product recall. 


LASIX® tablets are available in 
a dosage strength to meet almost every 
patient need—20, 40 and 80 mg. 


Before prescribing, please consult complete product 


information, a summary of which appears on the 
following page. 


HOECHST-ROUSSEL 
PHARMACEUTICALS INCORPORATED 


SOMERVILLE, NEW JERSEY 08876 
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References: 1. Moe GK, Farah AE: Digitalis and allied cardiac glycosides, in Goodman LS and Gilman A (eds): The Pharmacological 
Basis of Therapeutics, ed 5. New York, Macmillan Publishing Co, 1970, pp 653-682. 2. Smith TW: Digitalis: Ions, inotropy and toxicity, 
editorial. N. Engl. J. Med. 299:545, 1978. 3. Rubinstein MH, Eastwood BA, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, 
U.K.: The effect of lubricant type and concentration on the bioavailability of furosemide from 80 mg tablets: J. Pharm. Pharmacol. 30 
(suppl.):12P, Dec. 1978. 4. Rubinstein MH, Price EF, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, U.K.: In vivo 
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Specify LASIX* brand of furosemide. To be sure the 
patient receives only LASIX®, take the steps necessary 
on your prescription to prevent substitution, in accor- 
dance with the regulations of your state. 







IN CONGESTIVE HEART FAILURE. 


LASIX 


FUROSEMIDE 


ONE LESS VARIABLE IN 
THE DIGITALIZED PATIENT 
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Lasix® (furosemide) 


A brief summary of the Prescribing Information for Lasix 
(furosemide). Tablets 20, 40 and 80 mg. 

WARNING: Lasix (furosemide) is a potent diuretic which, if 
given in excessive amounts, can lead to a profound diuresis 
with water and electrolyte depletion. Therefore, careful med- 
ical supervision is required, and dose and dose schedule 
have to be adjusted to the individual patient's needs. 
INDICATIONS: Edema associated with congestive heart failure, 
cirrhosis of the liver, and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probably will not be adequately con- 
trolled with furosemide alone. 

CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide may cause fetal abnormalities, 
the drug is contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume, with circulatory collapse and with 
the possibility of vascular thrombosis and embolism, particu- 
larly in elderly patients. Excessive loss of potassium in patients 
receiving digitalis glycosides may precipitate digitalis toxicity 
Exercise care in patients receiving erm pn 
Steroids. Perform frequent serum electrolyte, CO;, and BUN de- 
terminations during first few months of therapy and periodically 
thereafter; and correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with oo cirrhosis and 
ascites is best carried out in the hospital. Closely observe cir- 
rhotic patients for sudden fluid and electrolyte imbalances that 
may precipitate hepatic coma. Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing hypokalemia and metabolic alkalosis. Discon- 
tinue furosemide if increasing azotemia and oliguria occur dur- 
ing treatment of severe, progressive renal disease. Observe 
patients regularly for possible blood dyscrasias, liver damage, 
or other idiosyncratic reactions. Patients with known sul- 
fonamide sensitivity may show allergic reactions. Furosemide 
may potentiate the therapeutic effect of other antihypertensive 
agents. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appears in breast 
milk. If use of the drug is essential, the patient should stop 
nursing. Cases of tinnitus and reversible hearing impairment 
have been reported. 

There have also been some reports of cases in which irrevers- 
ible hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
severe impairment of renal function at doses exceeding several 
times the usual recommended dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. 
(For adults, an infusion rate not exceeding 4 mg furosemide 
per minute has been used.) 

PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especially in patients receiving higher doses 
and a restricted sal! intake. Patients receiving furosemide 
should be observed for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations 
ore particularly important when the patient is vomiting exces- 
Sively or receiving parenteral fluids. Medication such as digi- 
talis may also influence serum electrolytes. Hypokalemia may 
develop with furosemide as with any other potent diuretic, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference 
with adequate oral electrolyte intake wil! also contribute to 
hypokalemia. Digitalis may exaggerate metabolic effects of 
hypokalemia, especially with reference to myocardial activity. 
Asymptomatic hyperuricemia can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting and two- 
hour postprandial sugar have been observed, and rare cases of 
precipitation of diabetes mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN may be seen. These 
have been observed in association with dehydration, which 
should be avoided, particularly in patients with renal insuffi- 
ciency, Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity at lower 
doses because of competitive renal excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may potentiate the action of succinylcholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity. Diuretics such 
as furosemide may enhance the nephrotoxicity of cephaloridine 
Therefore, furosemide and cephaloridine should not be ad- 
ministered simultaneously. Furosemide may decrease arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
cient to preclude effectiveness of the pressor agen! for therapeu- 
fic use. 

It has been reported in the literature that coadministration of 
indomethacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect has 
been attributed to inhibition of prostaglandin synthesis by in- 
domethacin. Indomethacin may also affect plasma renin levels 
and aldosterone excretion: this should be borne in mind when 
a renin profile is evaluated in hypertensive patients. Patients 
receiving both indomethacin and Lasix (furosemide) should be 
observed closely to determine if the desired diuretic and/or 
antihypertensive effec! of Lasix (furosemide) is achieved. 
ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
thrombocytopenia, aplastic anemia (rare), purpura, photosen- 
Sitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
Ous vasculitis), exfoliative dermatitis, erythema multiforme, 
pruritus. Orthostatic hypotension may occur and may be exag- 
geroted by alcohol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, urinary bladder 
spasm, thrombophlebitis. 
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Available now from 
Churchill Livingstone . .. 


The Sweeping, Timely, 
Information-Packed New 
Reference for Every Professional 
Engaged in the Care of the 
Acutely Ill Cardiac Patient! 


CORONARY CARE 


Edited by Joel S. Karliner, MD FACP FACC with the 
assistance of Gabriel Gregoratos, MD FACP FACC 
And 47 distinguished contributors 


No other book on the subject combines the scope, 
newness of content, background data, and over-all 
comprehensiveness of CORONARY CARE. 


Packed with over 1,100 pages of vital, up-to-the-minute 
material, this definitive work focuses on the diagnosis 
and treatment of acute myocardial infarction, with 
emphasis on the pathology, pathophysiology, and 
pharmacology of the underlying condition, and 
subsequent rationale for therapy. 


CORONARY CARE reveals the most recent, most 
significant therapeutic and diagnostic advances, 
including: vasodilator therapy for acute congestive 
cardiac failure following myocardial infarction .. . 
therapy of acute ischemic heart disease with balloon 
counterpulsation . . . surgical approach to acute ischemic 
heart disease and unstable angina, including coronary 
arterial spasm .. . new pharmacologic agents for 
treatment of shock and arrhythmias . . . latest diagnostic 
methods utilizing radionuclide and enzymatic 
approaches... hemodynamic monitoring... 
noninvasive techniques such as freia PSE DA 
rehabilitation, and early exercise testing . . . pre- and 
post-coronary care . . . prognostic stratification. 


The book, moreover, presents useful, current information 
on drug interactions . . . organization of a Coronary Care 
Unit... pulmonary problems... and medico-legal 
aspects of coronary care. 


1980. 1,108 pages. 387 illustrations $50.00 
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an recording from the distal electrode as a Ec now ey relia! GRON enc aan ani: as 
placement guide. Blood flow directs the balloon- — ease of now ger be all o ncy pacing ofa 
tipped catheter rapidly into the right ventricle. No 


| ready-to-use kit. 
fluoroscopy is needed. Both the catheter body The Swan an? Bipolar Pacing Catheter Kit. 
and electrodes are radiopaque and may be 


l : 26 The name to rely on for quality pacing. 
visualized by fluoroscopy, if desired. ^ For literature, contact: American 
Quality components for : "o v». Edwards Laboratories, Division 
quality pacing. Sais 


| hs of American Hospital Supply 
In addition to the 5-F Swan- Ganz A 


Corporation, 17221 Red Hill 
Bipolar Pacing Catheter, the kit ju Avenue, (Irvine), P.O. Box 
contains the basic components nd qué 11150, Santa Ana, CA 92711. 
needed for prompt, reliable catheter eigen 


Telephone: 714/557-8910, 
placement: a Desilets-Hoffman* type | "^^ Cable: EDSLAB. Telex: 68-5567. 
percutaneous insertion 


*Desilets-Hoffman is a registered trademark of C. R. Bard, Inc. 


Swan-Ganz? is a registered trademark, American 
Edwards Laboratories 
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TM 
I. Figure lis a pre-stress CKG (Cardiokymo- 

graph) tracing of the left ventricle (V3 posi- 
tion), it demonstrates: 

O A. normal systolic inward motion 

O B. midsystolic bulging 

[] C. holosystolic outward motion 

[] D. other 


II. FigureZisatwo minute post-stress CKG 
(Cardiokymograph) tracing of the left ven- 
tricle (V3 position), on the same patient, 
demonstrating: 

O A. normal systolic inward motion 
O B. midsystolic bulging 

O C. holosystolic outward motion 
O D. other 


III. Figure 3isa thirty minute post-stress rest- 
ing CKG (Cardiokymograph) tracing of the 
left ventricle (V3 position), on the same 
patient, demonstrating: 

O A. normal systolic inward motion 
O B. midsystolic bulging 

O C. holosystolic outward motion 
O D. other 
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IV. Figures 1, 2 and 3, taken together, 
demonstrate: 
O A. stress induced ventricular wall motion ab- 
normalities consistent with ischemia 
O B. normal ventricular wall motion 


V. According to recently published” data, the 
CKG (Cardiokymograph) stress test is: 
O A. 9896 sensitive — 9896 specific 
O B. 5996 sensitive — 6996 specific 
O C. 7496 sensitive — 9596 specific 
O D. 4096 sensitive — 6096 specific 
VI. Figure 4 is a photograph of: 
[] A. CKG/700 (Cardiokymograph) 
O B. anoninvasive device that provides an 
analog representation of wall motion 
O C. alow cost, simple device to be used in 
conjunction with stress testing to enhance 


diagnostic accuracy 
O D. allofthe above 
REFERENCE 
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Forrester J S. Noninvasive Diagnosis of Coronary Artery Disease 
l'he Cardiokymographic Stress Test, Circulation, Vol. 61, No. 3; pgs 
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™CKGisa trademark of CardiokineticsInc. *Patent Pending 


For additional bibliography call or write 
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CARDIOKINETICS INC. 
710 NINTH AVENUE NORTH 
SEATTLE, WASHINGTON 98109 


L206) 625-1155 
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had complete resolution of their pain. There was no evidence for a rebound phenomenon secondary to abrupt 
discontinuation of the drug or a delay in clinical response to the institution of drug therapy. 


1033 Modification of Ventricular Tachycardia by Procainamide in Patients With Coronary Artery Disease 
TOBY R. ENGEL, STEVEN G. MEISTER and JERRY C. LUCK 


In traditional doses of infusion, procainamide prevented the extrastimulus induction of ventricular tachycardia 
in only 2 of 15 patients with coronary artery disease. Larger doses prevented induction of ventricular tachycardia 
in 1 of 8 patients. Rapid ventricular rates greater than 210 beats/min that were not slowed 50 percent or more 
after infusion of 1 g of procainamide predicted failure of this drug to prevent ventricular tachycardia. These data 
suggest that the dose-response potency of procainamide in further slowing of ventricular tachycardia predicts 
ultimate prevention of the arrhythmia. Although procainamide was the most effective drug used in this study, it 
facilitated induction of tachycardia in the majority of patients. The mechanism of successful procainamide action 
is to slow conduction in a reentrant circuit rather than to prolong refractoriness to a greater extent than the slow- 
ing of conduction. 


1039 Positive Inotropic Effects of Hydralazine in Human Subjects: Comparison With Prazosin in the Setting 
of Congestive Heart Failure 


CARL V. LEIER, CHRISTOPHER E. DESCH, RAYMOND D. MAGORIEN, DOUGLAS W. TRIFFON, 
DONALD V. UNVERFERTH, HARISIOS BOUDOULAS and RICHARD P. LEWIS 


Unlike first dose prazosin, hydralazine, a vasodilator widely used in the management of chronic congestive fail- 
ure, significantly shortened the preejection period and increased the AP/At over 8 hours after the oral adminis- 
tration of 75 or 100 mg to 14 patients with left ventricular dysfunction and congestive heart failure. These data 
suggest that hydralazine elicits a positive inotropic response in the failing human ventricle which may not be es- : 
sential for augmentation of cardiovascular performance. First dose prazosin elicited a comparable increase in. 
stroke volume without increasing ventricular inotropy. Both hydralazine and prazosin may not be ideal vasodila- 
tors despite their widespread use. 


SEMINAR ON CALCIUM CHANNEL BLOCKERS—PART I 


1045 Introduction 
EUGENE BRAUNWALD 


1047 Comparative Pharmacology of Calcium Antagonists: Nifedipine, Verapamil and Diltiazem 
PHILIP D. HENRY 


This review of calcium antagonists indicates that they constitute a heterogeneous group of agents with dissimilar 
structural, electrophysiologic and pharmacologic properties. Nifedipine is an efficacious long-acting vasodilator 
useful in relieving angina caused by coronary vasospasm. Verapamil is the drug of choice for the treatment of 
reentrant supraventricular arrhythmias but is only moderately effective as an antianginal agent. It probably acts 
by lengthening the effective and functional refractory periods of the A-V node and prolonging the A-V nodal 
transmission time. Reversion to sinus rhythm occurs in more than 90 percent of the patients. Diltiazem is useful 
for the treatment of angiospastic angina. Its value as an antiarrhythmic agent is yet to be clarified. The applica- 
tion of these three drugs to the treatment of cardiac arrhythmias, angina pectoris, arterial hypertension, left ven- 
tricular failure and cardiomyopathy is discussed. 


1059 Effects of Nifedipine on Electrical Activity of Cardiac Cells 
KENNETH H. DANGMAN and BRIAN F. HOFFMAN 


Nifedipine concentrations of 20 to 200 ug/liter that will only shorten the plateau of normal action potentials can 
suppress abnormal automatic activity in canine cardiac Purkinje fibers. These and other observations on its ac- 
tion on electrical activity of normal and abnormal cardiac cells suggest that nifedipine may prove to be a useful 
antiarrhythmic drug. It should have no major undesirable effects on electrical activity of normal cardiac fibers 
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INTRODUCING STATUS 100 


WITH AN IMAGINATION 
TO MATCH YOUR OWN 


Status 1000, The ECG Monitor 
That Gives You Programmable 
Control Over Every Aspect Of 
The Stress Test. 

Quinton’s Status 1000 is the first 
ECG stress test system that lets you 
use your imagination to modify or 
reprogram at will the various ele- 
ments of a stress test. 

Not just treadmill protocol, 
but lead selection, S T sample point, 
recorder speed, patient name, final 
report content and length, blood 
pressure prompting, etc. Everything 
Is in your control like it should be. 

Use your professional 
Imagination to create and program 
customized test procedures for 
pediatric, research, post- M.l., 
rehab., or out-patient situations. 

Each physician in your institu- 
tion can have their own preferred 
test procedure stored in memory. 

With the Status 1000 you and 
your colleagues can customize test 
procedures based on the require- 
ments of the patient, not the restric- 
tions of the ECG system. 


How The Sophisticated Status 
1000 Makes Test Flexibility So 
Complete And Easy 

With The Status 1000, Quinton 
introduces anew term, the “Stress 
Test Environment”. It consists of 16 
test elements. Each element, such 
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MODIFY? PRESS ITEM 
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as exercise lead set, or final report 
content, has parameters which 
you can establish or modify to suit 
your needs. 





Yet, programming the Status 
|O00 is as easy as operating a pocket 
calculator, so special training is 
not required. 

Comprehensive Data, 
Professionally Presented 

In a single glance you see three 
channels of diagnostic quality ECG, 
averaged beats (both resting and 
current), heartrate, computed 
parameters, trend displays, 
stage number, stage time and 
elapsed time. 

Plus, any abnormal beat will be 
instantly highlighted on the screen, 
then recorded and labeled 
automatically. 

Your control extends to test 
reports, too. Printouts during the 
test may include averaged beats, 
rhythm strips, or full |2-leads. Final 
reports may include a wide variety 
of information. And each report is 
automatically labeled with pertinent 
data. Good bye work sheet. 
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Stay Ahead With The 
Status 1000 

Because of the Status 1000's 
unparalleled flexibility and micro- 
processor technology its susceptibil- 
ity to obsolescence is far less than 
other systems. And that makes it a 
good investment for you and your 


institution. Call Quinton toll free at 
|-800-426-0538. 


Quinton 


instrument co. 


The Stress Test People 


2121 Terry Avenue 
Seattle, Washington 98121 
206/223-7373 Telex 328840 
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The Bayer Company 
Glenbrook Laboratories, Division of Sterling Drug Inc., 
90 Park Avenue, New York, New York 10016 








..another myth about 
aspirin 





Many people, some physicians included, believe that 
dl aspirin is produced in one place by one manu- 
acturer...then distributed to other companies who 
imply press out tablets, bottle them, and sell them 
inder their own labels. Not true, though. 


All aspirin doesn't come from one source! 


l'here are different aspirin manufacturers in different 
ocations— with different methods of production and 
liffering amounts of quality control. Although some 
lo sell to private brand distributors, the makers of 
3ayer® Aspirin never have and never will. 


Bayer Aspirin is manufactured using an exclusive 
yrocess designed to assure the best aspirin in purity, 
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quality and dependability. This unique process em- 
ploys a more expensive "batch" technique to help 
provide greater stability and facilitate greater control. 
Even the final tableting process is specially designed 
to assure high quality and fast disintegration. In all, 
a finished package of Bayer Aspirin will have met 115 
different chemical tests and quality inspections... to 
uphold standards that are even more rigid than min- 
imum U.S.P. requirements. 


In short, all aspirin is definitely not alike. There is 
a difference in Bayer Aspirin. Take advantage of 
Bayer quality by recommending Bayer Aspirin for 
your patients— whenever aspirin is indicated. 
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but should exert a protective effect against arrhythmias caused by several of the mechanisms engendered by 
ischemia, if sufficiently high tissue concentrations of the drug are achieved. 
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You May Be 
Mis-Diagnosing 
Your Holter mmm 


bers and trends are the reasons. 
Less than 1% of the Holter ECG data is 


® 
p Atl e nts normally presented for your diagnosis. 
@ What happened the other 99% of the time? 
1979 brought a breakthrough in Holter monitoring. The 
development of micro-computer controlled fiberoptics made it 


possible to print every ECG complex into a textbook format, 
providing twenty-four, hourly pages of ECG data. 





No matter who the operator, the report is identical every 
time, and only takes three minutes to generate. Plus, this report 
is faster and easier to read than that of conventional Holter 
equipment. 

The major difference is “Assurance”. 


The product is The Eliminator™ by AdvanceMed, now a 
part of American Hospital Supply Corporation. The Eliminator 
is the first to offer 10096 accurate ECG data and is available at 
half the price of average Holter equipment. 


You owe it to yourself and to your patients to see The 
Eliminator. Since it is compatible with most Holter recording 
systems, call or write and we'll run one of your tapes. 

You May Be Surprised To See What You Are Missing! 


American Edwards / AdvanceMed, 1923 SE Main Street, 
Irvine, California 92714, (714) 751-1824. (800) 854-8081. 











Lopressor“ 
metoprolol tartrate 


An antihypertensive 
beta-blocking agent 


Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt cardiac fail- 
ure (see Warnings). 

Warnings Cardiac Failure: Sympathetic stimula- 
tion IS a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial Contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 
tiously. Both digitalis and metoprolol slow AV 
conduction. 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 
should be fully digitalized and/or be given a diuretic, 
and the response observed closely. If cardiac fail- 
ure continues, despite adequate digitalization and 
diuretic, Lopressor therapy should be withdrawn 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported. 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician's advice. 


Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 





Still the most 
Significant clinical 
advance in 
beta-blocker 
antihypertensive 


therapy 


LOPRESSOR 


metoprolol tartrate 


tensive treatment. Since beta, selectivity is not 
absolute, a beta, -stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
dosing interval. (See Dosage and Administra- 
tion.) 

Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
Surgery is controversial. It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g.. dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
caution in diabetic patients, especially those with 
labile diabetes. 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm. 


Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug Interactions: Catecholamine-depleting 
drugs (€.g., reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or.marked bradycar- 
dia which may produce vertigo, syncope, or 
postural hypotension 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was no evidence of drug- 
induced toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women. 
Lopressor should be used in pregnant women only 
when clearly needed. 


Nursing Mothers: It is not known whether this drug 
IS excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 





Usage in Children: Satety and effectiveness 
children have not been established 


Adverse Reactions Most adverse effects hz 
been mild and transient 


Central Nervous System: Tiredness and diz 
have occurred in about 10 of 100 patients. De 
Sion was reported in about 5 of 100 patients. 
Headache, nightmares, and insomnia have e 
been reported but drug relationship is not cle 


Cardiovascular: Shortness of breath and 

bradycardia have occurred in approximately 
100 patients. Cold extremities: arterial insuffic 
usually of the Raynaud type; palpitations anc 
gestive heart failure have been reported. See 
traindications, Warnings, and Precautions 


Respiratory: Wheezing (bronchospasm) has 
reported in less than 1 of 100 patients. See W 
ings. 

Gastrointestinal: Diarrhea has occurred in a 
of 100 patients. Nausea, gastric pain, constip 
flatulence, and heartburn have been reportec 
100 or less. 


Allergic: Pruritus has occurred in less than 1 
patients. 


Miscellaneous: Peyronie's disease has beer 
ported in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associa 
with the beta blocker practolol has not been r 
ported with Lopressor during investigational ı 
and foreign marketing experience 


Potential Adverse Effects: In addition, a vari 
adverse effects not listed above have been re 
ported with other beta-adrenergic blocking a 
and should be considered potential adverse 
of metoprolol. 


Central Nervous System: Reversible mental d 
pression progressing to catatonia; visual disti 
bances; hallucinations; an acute reversible Sy 
drome characterized by disorientation for tim 
place, short-term memory loss, emotional lab 
slightly clouded sensorium, and decreased p 
formance on neuropsychometrics 


Cardiovascular: Intensification of AV block (se 
Contraindications). 


Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpur 


Allergic: Erythematous rash, fever combined ' 
aching and sore throat, laryngospasm and re: 
tory distress 


Miscellaneous: Reversible alopecia. 


Clinical Laboratory Test Findings: Elevated bk 
urea levels in patients with severe heart disea 
elevated serum transaminase, alkaline phos- 

phatase, lactate dehydrogenase. 


Dosage and Administration Dosage of Lopr: 
should be individualized. The usual initial dost 
50 mg twice daily whether used alone or adde 
diuretic. The dosage may be increased at wee 
(or longer) intervals until optimum blood press 
reduction is achieved. In general, the maximur 
fect of any given dosage level will be apparent 
one week of therapy. Usual maintenance dosa 
approximately 100 mg twice a day, with a rang 
100 to 450 mg per day. Dosages above 450 m 
day have not been studied. While twice-daily c 
ing is effective and can maintain a reduction in 
blood pressure throughout the day, some patie 
especially when lower dosages are used, will « 
nence a modest rise in blood pressure toward 
end of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near t 
end of the dosing interval to determine whethe 
satisfactory control is being maintained throug 
the day. If control is not adequate, a larger dos 
three times daily therapy, may achieve better c 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased 


This drug should be stored at controlled room 
perature and protected from moisture. 

How Supplied Tablets of 50 mg (capsule-shar 
scored, light red, film-coated) and 100 mg 
(capsule-shaped, scored, light blue, film-coate 
are supplied in bottles of 100 and 1,000 and Ur 
Dose Packages of 100 


Store at controlled room temperature and prote 
from moisture. 


Dispense in tight, light-resistant container (USI 
667292 C79-22 (t 
For complete details, including description, clii 
pharmacology and overdosage, please see ful 
prescribing information 
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Does your hospital have 
enough defibrillator/monitors? 

In a building full of sick people, 
it is by no means unusual to experi- 
ence an urgent need for more than 
one defibrillator/monitor at any 
given moment. It is quite possible 
for cardiac emergency to strike any 
room, any floor, any time. And 
when it does, you want to be able 
to respond as rapidly as possible, 
without jeopardizing the safety 
of any other patient, without 
compromising the ability of any 
other department to deal with 
cardiac emergency. 
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acute cardiac care systems. We ve 
said it before and we'll say it again: 
we don't wish to sell you a single 
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get by with a single 
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Recently, modified treadmill exercise testing before hospital discharge 
has been reported to be safe in patients after uncomplicated myocardial 
infarction. Accordingly, the frequency of treadmill exercise-induced ab- 
normalities and their prognostic value were evaluated in 130 patients with 
uncomplicated myocardial infarction. Seventy-eight patients (60 percent) 
had one or more treadmill exercise-induced abnormalities; 42 had S-T 
segment depression, 35 had angina and 17 had an inadequate blood 
pressure response. During the mean follow-up period of 11 months, 27 
patients experienced unstable angina, 12 had a recurrent myocardial 
infarction and 10 died of cardiac causes. Compared with patients with 
no exercise-induced abnormality, patients with S-T segment depression, 
angina pectoris or an inadequate blood pressure response had a signifi- 
cantly greater (p <0.001) incidence of all cardiac events during the fol- 
low-up period. Furthermore, unstable angina pectoris was significantly 
more frequent (p <0.005) in patients with S-T segment depression or 
angina pectoris. Finally, when the patients with ischemic treadmill ab- 
normalities were combined with the patients exhibiting an inadequate 
blood pressure response, they had a statistically greater (p <0.005) in- 
cidence of cardiac death than that of patients with no treadmill abnor- 
malities. Therefore, these three abnormalities during modified treadmill 
exercise testing before hospital discharge identify patients with uncom- 
plicated myocardial infarction who are at risk for a future cardiac 
event. 


Uncomplicated myocardial infarction is often the harbinger of future 


cardiac events such as unstable angina pectoris, recurrent myocardial 
infarction or death. This is particularly true within the first 6 months 
after infarction.! Recently, the feasibility and safety of modified 
treadmill exercise testing before hospital discharge after an uncompli- 


cated myocardial infarction have been established.?-!? In addition, the 


development of certain abnormalities during modified treadmill exercise 
testing has been reported to predict future cardiac events.9-19 Specifi- 
cally, S-T segment depression during such testing has been shown to 
predict cardiac death after myocardial infarction.9!? Furthermore, 
S-T depression and angina pectoris have predicted stable exertional 
angina after infarction.? However, little information is available con- 
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cerning the prognostic value of these treadmill abnor- 
malities for the development of unstable angina pec- 
toris. Also, the frequency and prognostic value of an 
inadequate blood pressure response during treadmill 
testing early after myocardial infarction are un- 
known. 

To delineate further the potential value of this non- 
invasive technique for predicting future cardiac events, 
we evaluated patients with uncomplicated myocardial 
infarction with modified treadmill exercise testing be- 
fore hospital discharge to determine: (1) the frequency 
of S-T segment depression, angina pectoris, inadequate 
blood pressure response, and ventricular arrhythmias, 
and (2) the ability of these treadmill-induced abnor- 
malities to predict unstable angina pectoris, recurrent 
myocardial infarction and cardiac death. 


Methods 


Patients: One hundred thirty patients with acute myo- 
cardial infarction were evaluated. There were 114 men and 16 
women, ranging in age from 24 to 79 years (mean 54). 
Thirty-one patients (24 percent) had had a prior myocardial 
infarction. All patients fulfilled the following diagnostic cri- 
teria for acute infarction: (1) retrosternal chest pain consistent 
with myocardial ischemia lasting at least 30 minutes (2) an 
evolutionary serum enzyme pattern consistent with myocar- 
dial necrosis including an elevation of the creatine kinase MB 
isoenzyme fraction, and (3) electrocardiographic changes. The 
diagnostic electrocardiographic changes of transmural myo- 
cardial infarction included S-T segment elevation, T wave 
inversion and development of Q waves of at least 40 ms du- 
ration and 25 percent or greater of the R wave amplitude in 
the same lead.!!-!° The electrocardiographic criteria for 
subendocardial myocardial infarction consisted of S-T seg- 
ment depression or T wave inversion persisting for at least 24 
hours without development of pathologic Q waves.!?:14 These 
criteria documented an anterior transmural infarction in 44 
patients (34 percent), an inferior transmural infarction in 48 
patients (37 percent) and a subendocardial infarction in 38 
patients (29 percent). 

All patients fulfilling the criteria for myocardial infarction 
were considered potential candidates for the study. However, 
some patients (approximately 30 percent) were excluded be- 
cause they described angina pectoris at rest or during in- 
hospital ambulation for the preceding 5 days, had left ven- 
tricular failure on physical examination, had uncontrolled 
ventricular premature complexes, had hypertension (blood 
pressure greater than 165/100 mm Hg), or had a physical or 
mental handicap that precluded cooperation with exercise 
testing. All patients gave written informed consent for 
treadmill testing. At the time of treadmill exercise testing, 55 
(42 percent) of the 130 patients were being treated with one 


TABLE | 
Modified Naughton Treadmill Exercise Protocol 





Time (min) 





6 9. 12 15 18 21 
2 2 2 3 gU 70 
10.5 14 8:8 125 15. 17.5 
5 6 7 8 9 10 


METS - multiples of resting energy expenditure. 


0 
Speed (miles/h) 2 
Percent grade 3.5 
METS 3 


ANDO 
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or more of the following medications: digoxin, 34 patients (26 
percent); propranolol, 21 patients (16 percent); quinidine, 22 
patients (17 percent); and an antihypertensive drug, 7 patients 
(5 percent). 

Treadmill exercise protocol: The study patients per- 
formed treadmill exercise testing before hospital discharge, 
from 7 to 24 days (mean 15) after myocardial infarction. All 
of these patients had continuous electrocardiographic moni- 
toring of precordial lead V;, and recordings of precordial leads 
Vi, Vs and Ve during exercise. The exercise protocol described 
by Naughton et al.!5 with certain modifications was followed 
(Table I). Blood pressure, determined with cuff sphygmo- 
manometer, and electrocardiographic recordings were ob- 
tained in the sitting and standing positions, after 30 seconds 
of hyperventilation, for each minute of exercise and for a 
minimum of 6 minutes after exercise or until the heart rate 
was less than 100 beats/min and the electrocardiogram had 
returned to baseline. The treadmill exercise evaluation was 
terminated when the following occurred: heart rate of 130 
beats/min, fatigue or dyspnea, angina pectoris, ventricular 
tachycardia (defined as three or more consecutive ventricular 
premature complexes), a decrease from peak systolic blood 
pressure of 20 mm Hg or greater with continued exercise, or 
a hypertensive blood pressure response (defined as a systolic 
blood pressure of 200 mm Hg or greater! or a diastolic blood 
pressure of 110 mm Hg or greater). S- T segment depression 
alone was not a sufficient criterion for terminating the exercise 
protocol. All patients performed the exercise test without 
complications. 

Data evaluated: The frequency of the following exercise- 
induced abnormalities was assessed: (1) horizontal or down- 
sloping S- T segment depression on three successive beats of 
0.1 mV or more for 0.08 second after the J point from either 
the isoelectric S-T segment or from the resting level of an S- T 
segment abnormality 17-18; (2) angina pectoris; (3) evidence 
for an inadequate blood pressure response manifested by an 
increase of 10 mm Hg or less in systolic blood pressure with 
a peak systolic pressure of 140 mm Hg or less,!®!9 or a decrease 
of 20 mm Hg or greater in systolic blood pressure from peak 
systolic pressure with continued exercise!?-?!; and (4) ven- 
tricular premature complexes at a rate of 5 or more/min; or 
ventricular tachycardia. 

In 123 (95 percent) of the 130 patients who performed 
modified treadmill exercise testing, regular follow-up visits 
were accomplished for at least 6 months (range 6 to 20). Seven 
patients were lost to follow-up study. We specifically at- 
tempted to determine the incidence of unstable angina pec- 
toris, recurrent myocardial infarction and cardiac death. 
Patients were considered to have unstable angina pectoris only 
if they were admitted to the hospital for angina of increasing 
frequency and duration, angina at rest or prolonged bouts of 
substernal chest pain suggesting myocardial ischemia. The 
diagnosis of recurrent myocardial infarction was established 
as previously described. Cardiac deaths were either sudden 
(occurring within 1 hour after the onset of symptoms) or were 
associated with other cardiac events for which the patient had 
been hospitalized for management. For analytic purposes, in 
each patient only one complication, the most severe, was 
tabulated. 

Statistics: Data analysis was performed with Student's t 
test for nonpaired data, the chi-square test with Yate's con- 
tinuity correction or the Fischer's Exact test for the compar- 
ison of two proportions.?? Because repeated tests were per- 
formed to identify differences and to determine the predictive 
value of a specific treadmill exercise-induced abnormality 
compared with findings in the group with no abnormality, the 
statistical limits of significance were adjusted to avoid a type 
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Lerror.2? Therefore, for these comparisons, it was determined 
that a value of p <0.01 would denote significance. 


Results 


Treadmill exercise-induced abnormalities: Of the 
130 patients evaluated, 78 (60 percent) had one or more 
abnormalities during exercise testing (Fig. 1): 42 pa- 
tients (32 percent) had S-T segment depression, 35 (27 
percent) had angina pectoris, 17 (13 percent) had an 
inadequate blood pressure response to exercise and 20 
(15 percent) had ventricular arrhythmia (one had ven- 
tricular tachycardia). Fifty-two patients (40 percent) 
had no detectable exercise-induced abnormality. There 
were 29 patients (22 percent) among the total of 130 
patients studied who had two or more exercise-induced 
abnormalities, and 7 patients had three simultaneous 
abnormalities. Seventeen patients had both S-T seg- 
ment depression and angina pectoris. Therefore, in our 
study group 60 patients (46 percent) had either S-T 
segment depression or angina pectoris during treadmill 
exercise testing before hospital discharge. 

Duration of treadmill exercise: The duration of 
treadmill exercise in the patients with no treadmill ex- 
ercise-induced abnormality was 11.0 + 5.4 minutes (+ 
1 standard devation). Patients with S-T segment de- 
pression, angina pectoris or an inadequate blood pres- 
sure response had a significantly shorter ( p <0.001) 
exercise duration (7.6 + 4.2, 7.4 + 3.6 and 5.2 + 2.6 
minutes, respectively). 

Follow-up data: During the 6 to 20 month (mean 11) 
follow-up period, 27 patients (21 percent) experienced 
unstable angina pectoris, 12 (9 percent) had recurrent 
myocardial infarction and 10 (8 percent) died a cardiac 
death. Of the latter 10 patients, 7 died suddenly and 3 
died during hospitalization, (2 during treatment of 
unstable angina pectoris and left ventricular failure and 
1 after a recurrent myocardial infarction complicated 


60 n=130 
40% 


32% 


27% 


I5% 
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FIGURE 1. Frequency of all treadmill exercise-induced abnormalities 
for our study group shown as an absolute number of patients and as a 
percent of the total group of 130 patients (n). AP = angina pectoris; IBP 
= inadequate blood pressure; NA = no abnormality; ST, = S-T seg- 
ment depression; VPB = ventricular premature beats. 


by cardiogenic shock). When patients were grouped and 
analyzed according to transmural versus subendocardial 
infarction, there were no differences in the overall in- 
cidence of all cardiac events or specific type of event 
during the follow-up period. 

The distribution of all future cardiac events for each 
treadmill exercise-induced abnormality is depicted in 
Figure 2. Seven of 48 patients in the group with no ab- 
normality had a cardiac event during the follow-up 
period. By comparison, a significantly greater incidence 
of future cardiac events was identified in patients with 
S-T segment depression (24 of 40 patients, chi-square 
= 17.1, p <0.001), angina pectoris (22 of 34 patients, 
chi-square = 21.75, p <0.001) and an inadequate blood 
pressure response to exercise (11 of 17 patients, p 
<0.001). Furthermore, when patients treated with di- 
goxin were excluded from the group with S-T segment 
depression, the incidence of future cardiac events re- 
mained statistically higher (14 of 28 patients, chi-square 
= 11.0, p <0.001) than in the group with no abnor- 
mality. 

The incidence of unstable angina pectoris, recurrent 
myocardial infarction and cardiac death for each 
treadmill exercise abnormality was analyzed further 
(Fig. 3). Four of 48 patients in the group with no ab- 
normality had unstable angina pectoris in the follow-up 
period. By comparison, unstable angina pectoris oc- 
curred significantly more frequently in the group with 
S-T segment depression (14 of 40 patients, chi-square 
= 8.27, p <0.005) and the group with angina pectoris (13 
of 34 patients, chi-square = 9.08, p <0.005). Further- 
more, the incidence of unstable angina pectoris during 
the follow-up period was significantly more frequent in 
the total group of patients with S-T segment depression 
and angina during treadmill exercise than in patients 
without these descriptors of myocardial ischemia (chi- 
square = 8.78, p <0.005). 

Recurrent myocardial infarction and cardiac death 
were infrequent during the follow-up period and were 
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FIGURE 2. Distribution of all future cardiac events for each treadmill 
response is shown as the percent of patients in each group with com- 
pleted follow-up. n = total population with completed follow-up; other 
abbreviations as in Figure 1. 
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FIGURE 3. Distribution of unstable angina pectoris in each treadmill 
response group. Format as in Figure 2. 
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not significantly greater in any group with a specific 
treadmill exercise-induced abnormality than in the 
group with no abnormality (Fig. 4). However, cardiac 
death occurred only in patients with a treadmill exer- 
cise-induced abnormality. Furthermore, the two pa- 
tients with ventricular arrhythmia who died also ex- 
hibited either S-T segment depression or an inadequate 
blood pressure response at the time of treadmill exercise 
testing. Therefore, when the patients with S-T de- 
pression and angina pectoris were combined into one 


group indicating myocardial ischemia and compared 


with the group with no abnormality, these abnormalities 
predicted a greater incidence of cardiac death during 
the follow-up period (p <0.01). Moreover, when patients 
with either or both of these two manifestations of 
myocardial ischemia and an inadequate blood pressure 
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FIGURE 4. Distribution of recurrent myocardial infarction (MI) and 
cardiac death in each treadmill response group. 


response to exercise were grouped together and com- 
pared with patients with no treadmill abnormality, the 
three abnormalities yielded an even higher statistical 
prediction of cardiac death ( p «0.005). 


Discussion 
Predictions of Recurrent Cardiac Events After 
Myocardial Infarction 


Our data indicate that patients who demonstrate S-T 
segment depression or angina pectoris during modified 
treadmill exercise testing before hospital discharge have 
a significantly greater incidence of future cardiac events, 
principally unstable angina pectoris, during a 6 to 20 
month period after myocardial infarction when com- 
pared with patients who have no treadmill abnormality. 
These ischemic changes did not predict recurrent 
myocardial infarction, but patients exhibiting these 
abnormalities had a significantly greater incidence of 
future cardiac death than did patients with no treadmill 
abnormality. Moreover, these patients had a signifi- 
cantly reduced exercise tolerance compared with pa- 
tients with no treadmill abnormality. 

S-T depression and angina pectoris during ex- 
ercise testing: S-T segment depression and angina 
pectoris, particularly when produced at low levels of 
energy expenditure on standard treadmill exercise 
testing, have been demonstrated to have a poor prog- 
nosis.?^-?6 Initial reports? on modified treadmill exercise 
testing after myocardial infarction also suggested that 
S-T segment depression might predict future cardiac 
events. 'l'hese initial observations were later extended 
to demonstrate the predictive value of 0.2 mV or greater 
S-T segment depression, angina and a low maximal 
work load (less than 4 METS) for future cardiac 
events.” In addition, Theroux et al.!° demonstrated the 
prognostic value of 0.1 mV or greater S-T segment de- 
pression for future cardiac death. Notably, no patient 
with only angina during modified treadmill exercise 
testing died in the follow-up period of their study. 
Moreover, Waters et al? reported that a modified 
treadmill exercise test performed before hospital dis- 
charge that demonstrated S-T segment depression or 
angina together with a prior history of angina had pre- 
dictive value for stable angina after myocardial infarc- 
tion. Our study is consistent with these reports identi- 
fying the predictive value of S-T segment depression 
and angina pectoris at low levels of energy expenditure 
for future cardiac events including cardiac death. 
Moreover, we have also demonstrated the value of S- T 
segment depression and angina during the predischarge 
modified treadmill exercise test for predicting future 
unstable angina pectoris. 

Inadequate blood pressure response to exercise: 
Our data also indicate that an inadequate blood pres- 
sure response during modified treadmill exercise testing 
is predictive of future cardiac events. When this he- 
modynamic abnormality was combined with the isch- 
emic treadmill response, a high predictive value for 
future cardiac death was demonstrated. Also, patients 
with these findings exhibited a significantly reduced 
exercise tolerance compared with that of patients with 
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no treadmill abnormality. Several authors”?! have 
suggested that a decrease in systolic blood pressure of 
10 mm Hg or greater from peak pressure during stan- 
dard treadmill exercise testing is probably precipitated 
by myocardial ischemia. In fact, all five of our patients 
with a decrease of 20 mm Hg or greater in systolic blood 
pressure had S-T segment depression or angina, 
suggesting that this may also be an indication of isch- 
emia in postmyocardial infarction patients. Five of our 
17 patients with an inadequate blood pressure response 
were being treated with a medication (propranolol or 
antihypertensive agent) that could have produced a 
blood pressure abnormality; therefore, the significance 
of the abnormality is not clear in these patients. How- 
ever, even when these five patients were excluded, the 
predictive value of an inadequate blood pressure re- 
sponse for future cardiac events was not decreased (p 
« 0.005). 

Ventricular arrhythmia during exercise: We 
found no evidence that ventricular premature com- 
plexes during modified treadmill exercise testing were 
of value in predicting future cardiac events. Some au- 
thors!? have suggested that such findings during exer- 
cise testing in patients after myocardial infarction may 
predict sudden cardiac death, others? have not found 
ventricular arrhythmias of value in predicting cardiac 
events. Our exclusion of patients with uncontrolled 
arrhythmias detected by other means and the preva- 
lence of antiarrhythmic therapy in our patients may 
explain the lack of predictive value of ventricular ar- 
rhythmias in our study. In addition, the low frequency 
of ventricular premature complexes in postmyocardial 
infarction patients performing modified treadmill ex- 
ercise testing may reflect our exclusion of patients with 
appreciable left ventricular dysfunction in whom such 
arrhythmias are more common. 


Comparison With Other Reported Studies 


Subendocardial versus transmural infarction: 
The characteristics of our study population are impor- 
tant to evaluate for comparing our results with those of 
others. Thirty-eight (29 percent) of our patients had a 
subendocardial myocardial infarction, which is a greater 
proportion of patients with nontransmural infarction 
than that in previous studies.9-9!9 Some investiga- 
tors!1-1? have reported that patients with subendocar- 
dial and transmural myocardial infarction have similar 
short and long-term prognoses. However, Madigan et 
al.,28 evaluating 50 patients with subendocardial in- 
farction, found a particularly high prevalence of mul- 
tivessel coronary artery disease and incidence of sub- 
sequent symptomatic cardiac events. Moreover, Can- 
nom et al.!4 reported a significantly greater incidence 
of cardiac death in patients with subendocardial than 
in those with transmural infarction. 

Our patients with subendocardial infarction and 
transmural infarction were similar in age, sex, historical 
and electrocardiographic evidence of previous myo- 
cardial infarction and prevalence of digoxin and pro- 
pranolol therapy at the time of treadmill exercise test- 
ing. Furthermore, no significant difference in the inci- 





dence of all cardiac events or of specific events could be 
demonstrated after myocardial infarction between these 
two groups. Therefore, we considered it reasonable to 
group all our patients together and evaluate the pre- 
dictive value of their treadmill exercise results. 

Role of propranolol and digoxin therapy: Theroux 
et al.!° reported that significantly more postmyocardial 
infarction patients with S-T segment depression were 
being treated with propranolol and that this group had 
a significantly greater incidence of cardiac death. 
However, 40 percent of all their patients were receiving 
propranolol therapy. By contrast, only 21 (16 percent) 
of our patients were taking propranolol at the time of 
modified treadmill exercise testing. Also, 34 (26 percent) 
of our patients were taking digoxin at the time of 
treadmill testing. Notably, the incidence of subsequent 
cardiac events in these two patient groups was similar 
to that of patients not receiving these drugs. Therefore, 
it would appear that digoxin and propranolol therapy 
did not select out high risk subgroups that might affect 
the results of our study. 

Role of multivessel coronary disease: An expla- 
nation for the poor prognosis in our patients with S-T 
segment depression, angina pectoris and an inadequate 
blood pressure response may be the high prevalence rate 
of multivessel coronary artery disease among these 
patients. The angiographic studies of Bruschke et al.?930 
have shown that patients with multivessel coronary 
artery disease and decreased left ventricular perfor- 
mance have a greater likelihood of experiencing a future 
cardiac event. Furthermore, ischemic electrocardio- 
graphic changes during standard stress testing have 
been shown to occur more frequently in patients with 
multivessel coronary artery disease.?! Recent angio- 


graphic studies? in postinfarction patients have 


shown that S-T segment depression and angina pectoris 
during treadmill exercise testing in the postinfarction 
period are valuable for predicting multivessel coronary 
artery disease. Also, an inadequate blood pressure re- 
sponse during standard treadmill stress testing has been 
reported to occur primarily in men with multivessel or 
left main coronary artery disease.!?-?! Further angio- 
graphic studies will be necessary to confirm these 
findings for postmyocardial infarction patients. 

Clinical implications: Our data indicate that many 
patients who are studied with modified treadmill ex- 
ercise testing before hospital discharge after an un- 
complicated myocardial infarction will exhibit abnor- 
malities of clinical significance. Patients with evidence 
of myocardial ischemia or an inadequate blood pressure 
response to exercise, particularly at low levels of energy 
expenditure, have a greater incidence of future cardiac 
events, specifically, unstable angina and cardiac death, 
when compared with patients with no detectable 
treadmill abnormality. Therefore, such patients may 
benefit from closer medical follow-up and further di- 
agnostic and therapeutic interventions designed to alter 
this poor prognosis. There are clinically important 
questions to be answered concerning the timing of ex- 
ercise testing after recovery from myocardial infarction 
and these are being actively evaluated. 
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Although S-T segment depression of various degrees is known to occur 
in the precordial electrocardiogram of patients with acute inferior myo- 
cardial infarction its prognostic significance is unknown. Left ventricular 
ejection fraction and regional wall motion were therefore measured 
noninvasively with radionuclide ventriculography and related to the 
electrocardiographic changes within 48 hours of the onset of acute 
transmural inferior infarction in 44 patients who had had no previous in- 
farction. 

The mean ejection fraction of 0.45 + 0.13 (standard deviation) in Group 
A (24 patients with greater than 1 mm S-T segment depression in at least 
two of six precordial leads) was lower (p <0.001) than that (0.63 + 0.08) 
in Group B (20 patients with no or less than 1 mm S-T depression in these 
leads). A depressed ejection fraction (less than 0.54) was present in 76 
percent of patients in Group A and in 10 percent of patients in Group B (p 
« 0.01). Total wall motion score, a semiquantitative index of regional wall 
motion abnormality, was lower in Group A (42 + 6) than in Group B (54 
+ 4) (p <0.001). Severe wall motion abnormalities of remote anteroseptal 
left ventricular segments were observed in 50 percent of patients in Group 
A and 15 percent of patients in Group B (p <0.05). The peak serum MB 
creatine kinase levels were higher in Group A than in Group B (167 + 92 
versus 84 + 56, p <0.001). Left ventricular failure developed in 50 percent 
of patients in Group A but did not develop in Group B (p <0.001). Five (19 
percent) of 24 patients in Group A died in the hospital (3 from pump failure, 
1 from arrhythmia and another from electromechanical dissociation). 
There were no deaths in Group B. 

The overall data indicate that patients with inferior wall infarction who 
have associated precordial S-T segment depression have greater global 
and regional left ventricular dysfunction presumably due to associated 
ischemia or infarction in areas remote from the inferior wall and they have 
relatively high in-hospital mortality and morbidity rates. Early noninvasive 
detection of this high risk subset may permit the testing of aggresive 
modes of therapy designed to limit the extent of myocardial ischemic 
damage with resultant decrease in mortality and morbidity. 


The prognosis in inferior wall myocardial infarction is generally believe 
to be more favorable than that in anterior or anteroseptal infarction.'- 
However, there is increasing evidence that inferior infarction is not : 
discrete homogeneous clinical or anatomic entity. For example, inferior] 
located myocardial damage as inferred from the electrocardiogram ma; 
be associated with right ventricular‘ or “true” posterior left ventricula 
wall? infarction. These complications would be expected to influenci 
the initial hemodynamic perturbations as well as the overall clinica 
course of inferior infarction. 

Variations also occur in the overall 12 lead electrocardiographic pat 
terns in patients with the diagnosis of acute inferior myocardial infarc- 
tion. It is known that S-T segment elevation and evolutionary Q wave 
patterns in leads II, III and aVF may be accompanied by S-T segmen: 
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depression of variable degree in one or more of the an- 
terior chest leads (V; to Vg) as well as in leads I and aVL. 
However, neither the precise nature of such S-T de- 
pression in these leads nor their prognostic significance 
in inferior infarction is known. Many electrocardi- 
ographers have considered these changes to represent 
essentially reciprocal electrical phenomena. In some 
instances, the S-T depression in precordial leads facing 
the inferoposterior wall may be related to infarction of 
the posterior left ventricular wall, which does not always 
have an unequivocal electrocardiographic diagnosis.^ 
[t is also possible that such precordial S-T depression 
accompanying acute inferior myocardial infarction may 
be evidence-not only of posterior wall ischemia or in- 
tarction, but also of additional anterior ischemia or 
subendocardial infarction, an occurrence that is likely 
to have prognostic significance. 

Radionuclide ventriculography is a reliable nonin- 
vasive technique to detect contraction patterns as 
sensitive markers of myocardial ischemic injury. Thus, 
this technique is well suited for determining the sig- 
aificance of the location and extent of global and re- 
zional left ventricular contractile abnormalities in 
'elation to the varying precordial S- T segment devia- 
ions and to the prognosis in patients with acute myo- 
'ardial infarction. This study reports the application 
f radionuclide ventriculography in 44 consecutive pa- 
ients with a first acute inferior myocardial infarction 
n order to determine the implications of concomitant 
»recordial S- T depression with respect to location and 
everity of abnormalities of regional and global left 
rentricular function and short-term prognosis. 


Methods 


Patients: Forty-four patients (34 men, 10 women) with a 
nean age of 63 years (range 27 to 83) with acute transmural 
nferior myocardial infarction were studied prospectively. 
l'heir pertinent clinical data are shown in Table I. Acute 
ransmural inferior myocardial infarction was diagnosed from 


‘ABLE | 


balient Clinical Characteristics in 44 Patients With First 
nferior Myocardial Infarction 





Group A Group B 
(n = 24) (n = 20) 
Age (yr) (mean and range) 63; 27-80 64; 32-82 
Previous infarction None None 
Time (h) (mean and range) 
From onset of symptoms to 7; 1-24 8; 2-24 
admission 
From onset of admission to 16; 6-24 20; 6-24 
radionuclide 
ventriculography 
Concomitant S-T segment Present Absent 
depression (>1 mm) in at 
least 2 of 6 precordial 
leads on admission 
Number of patients with ECG 5 None 
signs of true posterior 
infarction 


PME ekeen A AT Aa AP A, ne MT Pee OP T CS LS A 
ECG = electrocardiographic. 
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a history of prolonged chest pain accompanied by typical S-T 
segment elevation and development of abnormal Q waves 
(greater than 0.04 second in duration) in two of three elec- 
trocardiographic leads (II, III, aVF) with confirmatory 
changes in serum levels of MB creatine kinase, glutamic ox- 
aloacetic transaminase and lactic dehydrogenase. Patients 
with bundle branch block, historical or electrocardiographic 
evidence, or both, of previous myocardial infarction, and 
electrocardiographic evidence of left ventricular hypertrophy 
were excluded. No patient was receiving drugs such as digitalis | 
that are known to alter S-T segments. 

The 12 lead electrocardiograms of all patients were reviewed 
at the time of admission to the coronary care unit and, ac- 
cording to the presence or absence of S-T segment depression 
greater than 1 mm in at least two of six precordial leads (V, 
to Vo), the patients were categorized into two groups: Group 
A, 24 patients with precordial S- T depression, and Group B, 
20 patients without precordial S-T depression. All patients 
were evaluated within 48 hours of the onset of symptoms. 
Table II shows the distribution and the magnitude S-T de- 
pression in the precordial leads in patients in Group A. There 
was no relation between the magnitude of S- T depression in 
these leads and the magnitude of S-T elevation in the inferior 
electrocardiographic leads. 

Radionuclide ventriculography: Left ventricular ejection 
fraction and regional wall motion patterns were determined 
noninvasively with radionuclide ventriculography in all pa- 
tients. After the intravenous injection of 20 to 25 millicuries 
of in vitro labeled technetium-99m autologous red blood cells, 
multiple gated equilibrium cardiac blood pool scintigraphy 
was performed in 45? left anterior oblique and anterior views 
using a mobile gamma camera (Ohio Nuclear) equipped with 
a low energy collimator (Medical Data Systems). Left ven- 
tricular ejection fraction was determined semiautomatically 


TABLE Il 


Distribution and Magnitude of S-T Segment Depression 
(mm) in the Precordial Electrocardiographic Leads in 24 








Patients in Group A 
BR tid Steele: o c o Ra Sod ORE MN 
Lead 
Case V4 Vo Va V4 Vs Ve 
1 0 3 2 1.5 1 2 
2 1 3.5 15 1 1 0 
3 1 2.5 1 1 0 0 
4 1 2.5 3.5 5.5 4.5 3.5 
5 1.5 2 0.5 0 0 0 
6 5 8 8 7 2 4 
7 1.5 3 1 0.5 0 0 
8 1.5 3.5 4 3 3 1 
9 6 1 1.5 2 1.5 1 
10 0 2 1.5 1 1 1 
11 0 0 1 1.5 1.5 1.5 
12 3 6 5 5 3 2 
13 1 2 2.5 2 1 0 
14 0.5 1.5 2 4 4 4 
15 2.5 2.5 3 1 0 0 
16 0 1 2 2.5 2 0 
17 1.5 4 2 1 0 0 
18 0 0.5 1.5 1.5 0 0 
19 0.5 2 1.5 2 1.5 1.5 
20 0 1.5 1.5 0 0 0 
21 0.5 1 1.6 0.5 0.5 0.5 
22 1.5 3 3 0 0 0 
23 1 3 4 2.5 1 1 
24 1 4 4 2 1.5 0 
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from the background-corrected left ventricular activity-time 
curve. 

For the analysis of left ventricular regional wall motion, 
scintigraphic data were displayed in a flicker-free endless loop 
movie format. Left ventricular silhouettes from the left an- 
terior oblique and anterior views were divided arbitrarily into 
10 segments (Fig. 1), each of which was assigned a score by two 
independent observers (D.S.B., J .M.), who had no prior 
knowledge of the clinical or electrocardiographic status of the 
patient. There was an excellent agreement between the scoring 
of the two observers; whenever disagreement occurred, an 
average score was used. For each patient, the total wall motion 
score, derived by adding scores of 10 individual segments, was 
used as a semiquantitative index of the extent of left ven- 
tricular regional wall motion abnormality. Inferoposterior left 
ventricular segments 4, 5, 8 and 9 were categorized as in- 
farct-related segments, segments 1, 2, 6 and 7 as anteroseptal 
segments and segments 3 and (3) as apical segments. This 
technique of radionuclide ventriculography has previously 
been validated in our laboratory® as accurate and reproducible 
for the determination of left ventricular ejection fraction and 
regional wall motion. Serum MB creatine kinase (MB-CK) 
levels were determined with column chromatography and 
expressed as IU/liter. 

Statistical analysis: The statistical significances of dif- 
ferences in ejection fractions, wall motion scores and of 
MB-CK isoenzyme levels were assessed by the unpaired t test 
whereas Fisher's exact test was used to assess differences in 
the comparative frequency of complications in the two groups. 
Data are expressed as mean values + standard deviation. 


Results 


Of the 44 patients with acute inferior myocardial in- 
farction (Table D, 24 (Group A) had precordial S-T 
segment depression on admission and 20 (Group B) did 
not. Typical electrocardiographic patterns from the two 
groups are shown in Figure 2. 


GROUP A 





WALL MOTI OR LV SEGMENT 
6 = Normal eu = Anterobosol 
5 = Hypokinetic y N © i4 © =Anterolatera! 
Mil M ) i 
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= Akinetic he X. \ © = Septal (Proximal! 
2 =Dyskinetic SUE. e @ » h @ = Septal, (Distal) 
(Mild) (©) 7O WY © = Posterolateral 
| =Dyskinetic (3) (Proximal) 
(Severe) : 
= ANTERIOR 45° LAO dit s 
(3)= Inferoapical 


TOTAL WALL MOTION SCORE - Sum of score of 
individual segments 


FIGURE 1. Schematic representation of radionuclide left ventriculogrart 
in anterior and 45° left anterior oblique (LAO) views. The left ventricula 
(LV) silhouette is divided into 10 segments and each segment is giver 
a score depending on the pattern of its wall motion. Inferoposterio 
segments (4, 5, 8 and 9) are categorized as infarct-related segment: 
and anteroseptal (1, 2, 6 and 7) and apical segments [3 and (3)] as re 
mote noninfarcted segments. 


Left ventricular ejection fraction: The difference: 
in left ventricular ejection fraction in the two groups art 
shown in Figure 3. The value of 0.54 was taken as thi 
lower level of normal on the basis of our previous studie 
in normal subjects. In 18 (74 percent) of the 24 patient 
in Group A, the ejection fraction was less than 0.54 an 
in 4 it was severely depressed (0.30 or less). The meai 
ejection fraction for the entire Group A was 0.45 + 0.1; 
(standard deviation). In contrast, in Group B, no patien 
had a severely depressed ejection fraction and in onl 
2 (10 percent) of the 20 patients was the level below 0.5 
(Fig. 3). The mean value for ejection fraction in thi 
group was 0.63 + 0.08, which was significantly ( 
«0.001) different from the corresponding value fc 
Group A. 


GROUP B 


TH | 
TRU RI 


j E AR AA 
TUER HER LU ILE 


FIGURE 2. Representative 12 lead 
electrocardiogram and corresponding 
left ventricular ejection fraction (LV-EF) 
in a patient from Group A (left) and 
another patient from Group B (right). 
The S-T are depressed in the 
precordial leads of the patient in Group 
A and are not depressed in the patient 
in Group B. 
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IGURE 3. Comparison of left ventricular ejection fraction (LVEF) in 
atients with (Group A) and without (Group B) precordial S-T depression 
STi]. The lower limit of normal ejection fraction is shown by the 
roken horizontal line. Ejection fraction is depressed in 18 of 24 pa- 
ents from Group A and in only 2 of 20 patients from Group B. M = 
lean; p = probability; SD = standard deviation. 


In eight patients in Group A precordial S-T segment 
epression, noted at the time of admission, had de- 
'eased by 50 percent or disappeared entirely by the 
me radionuclide ventriculography was performed. The 
iean value for the ejection fraction of these eight pa- 
ents was 0.50 + 0.09, which was significantly higher (p 
0.01) than that of the remaining 16 patients (0.42 + 
10) who had persistent S-T segment depression. Five 
tients in Group A but none in Group B manifested 
ectrocardiographic evidence of true posterior infarc- 
on, in particular, an R/S ratio in leads V4 and V; of 1 
greater. The mean ejection fraction of 0.42 in these 
ve patients was significantly different from the mean 
due in Group B (p «0.001) but not from the mean 
due of 0.46 in the remaining 19 patients in Group A 
ithout electrocardiographic signs of “true” posterior 
yocardial infarction. 


Regional left ventricular wall motion: The mean 
data with respect to the differences in the abnormalities 
of regional wall motion between the two groups of pa- 
tients are shown in Figure 4, left. The mean score of 42 
+ 6 for Group A was significantly different (p «0.001) 
from that of 50 + 4 for Group B. Eighteen (75 percent) 
of the 24 patients in Group A but only 5 (25 percent) of 
the 20 in Group B had abnormal wall motion of one or 
more infarct-related segments. Twelve patients in 
Group A and only 3 in Group B had severely abnormal 
(severe hypokinesia, akinesia or dyskinesia) wall motion 
of noninfarcted anteroseptal segments (p «0.05). 
Twenty patients in Group A but only 4 in Group B had 
abnormal apical wall motion (p <0.001). The average 
wall motion score was lower in Group A than in Group 
B not only in infarct-related segments (18 + 4 versus 21 
+ 3, p <0.02; Fig. 4), but also in anteroseptal (20 + 3 
versus 22 + 2, p <0.05) as well as in apical segments (3 
+ 1 versus 5 + 1, p <0.001; Fig. 5). 

Plasma peak MB creatine kinase changes: The 
mean level of 169 + 94 IU/liter in Group A was about 50 
percent higher than that of 83 + 54 IU/liter in Group B 
(p <0.001) (Fig. 6). 

Morbidity and mortality: Table III shows the in- 
cidence of in-hospital complications in the two 
subgroups of patients. Eleven patients from Group A 
but only one from Group B (p <0.01) either continued 
to experience ischemic chest pain or had recurrences 24 
hours after admission to the coronary care unit. Clini- 
cally apparent congestive heart failure —indicated by 
post-tussive rales or third sound gallop, or both, de- 
veloped in 12 (50 percent) subjects in Group A, but in 
no patient in Group B (difference statistically signifi- 
cant, p <0.01). Similarly, cardiogenic shock was present 
on admission in one patient from Group A and devel- 
oped later in three others; it occurred in no patient in 
Group B. Furthermore, one patient from Group A had 
acute severe mitral regurgitation requiring valve re- 
placement 2 weeks after admission. 

Table III also contains the mortali ty figures for the 
entire group of 44 patients. The five in-hospital deaths 
were confined to patients from Group A, all occurring 
within 10 days of admission into the hospital. Severe 
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infarct-related segments. The overall wall motion score 
ALL SEGMENTS INFARCT RELATED of infarct-related segments is lower in Group A than in 
SEGMENTS Group B. Abbreviations as in Figure 3. 
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24 =---- 
FIGURE 5. Regional wall motion of nonin- W Sa 

; qc o 
farcted segments. Left, wall motion score of © amo 
noninfarcted anteroseptal segments. The © 2O f9 
overall score is significantly lower in Group A p Oo 
than in Group B. Although wall motion score Z 6 [S^ 
was abnormal in 12 of 20 patients from Group © 
B and in 18 of 24 patients from Group A, se- © 
vere wall motion abnormality was observed in = |2 [-o 
12 of 24 patients from Group A and in only 3. , 
of 20 patients from Group B. Right, wall motion — — 1: 
score in the apical segments. Note that 23 of i O Ls 


24 patients in Group A and only 13 of 20 pa- 
tients in Group B had abnormal apical wall 
motion scores with overall scores being lower 
in Group A than in Group B. 


congestive heart failure and shock were present in three 
of the five before death, with one patient dying of re- 
calcitrant ventricular arrhythmias and the other of 
electromechanical dissociation. 


Discussion 


It is now reasonably well established that the severity 
of hemodynamic depression after acute myocardial 
infarction relates essentially to the extent of ischemic 
damage that occurs after coronary occlusion. Indeed, 
it has been shown that the size of infarct, estimated ei- 
ther enzymatically or established at autopsy, correlates 
closely with the overall prognosis of acute infarction.? 

Subsets of inferior infarction: In the absence of 
ischemic damage sustained previously, acute inferior 
infarction as diagnosed by the standard electrocardio- 
graphic criteria generally has a more favorable prognosis 
than infarction involving the anterior wall because 
myocardial damage is less extensive.!-? However, some 
studies?? have indicated that the prognosis in patients 
with inferior infarction is similar to or even worse than 
that of patients with anterior infarction. Such dis- 
crepancies in data suggest that the proportion of pa- 
tients with high and low risk profiles differs in different 
population samples. Because the prognosis in coronary 
artery disease is determined largely by the degree of left 
ventricular dysfunction and severity of coronary dis- 
ease,!? it appears reasonable to predict that the prog- 
nosis would be poorer in patierits with acute inferior 
infarction with greater left ventricular dysfunction than 
in those with relatively normal residual myocardial 
performance. 


TABLE Ill 
Major In-Hospital Complications in Groups A and B 
GroupA Group B 
Complications (n= 24) (n= 20) p Value 
Death 5* 0 «0.02 
Congestive heart failure 12 0 «0.005 
Postinfarction angina 11 1 «0.01 


* Three patients died from cardiogenic shock, one patient from 
sudden electromechanical dissociation and one from primary refractory 
ventricular arrhythmias. 
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Our results with radionuclide ventriculography not 
only substantiate these predictions, but also provide a 
reasonably clear basis to account for the greater de- 
pression of left ventricular ejection fraction in the high 
risk subgroup than might be expected solely because of 
the inferior infarction. Of particular interest was the 
finding that the majority of high risk patients with in- 
ferior infarction can also be characterized by electro- 
cardiographic criteria, namely, significant S-T segment 
depression in two or more anterior precordial leads ac- 
companying the typical changes of acute inferior in- 
farction. 

Reciprocal S-T depression: The association, in 
most instances, of S-T segment depression in the an- 
terior precordial leads with a significant reduction in 
ejection fraction and increased severity of segmental 
wall motion abnormalities indicates that such S-T de- 







489 r- o 
400 
o 
300 
o 
A o Group A 
oo 
s 200 re) * p<0.00! 
qm 28 A 
= > A 
E & 
ul go A 
a — 100 A A 
o 
O 
o we 
x 
O 


WITHOUT 


WITH 
PRECORDIAL ST? PRECORDIAL ST t 


FIGURE 6. Peak plasma MB creatine kinase levels are significant 
higher in Group A than in Group B. 
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pression can no longer be attributed to purely reciprocal 
electrical phenomena occurring in response to the in- 
ferior electrocardiographic changes. Our data suggest 
that they denote additional ischemia affecting either 
the true posterior wall or the remote anteroseptal por- 
tions of the left ventricle, or both. Such associated 
changes undoubtedly account for the significantly lower 
ejection fraction in the patients with those findings 
(Group A) than in the patients in Group B, who did not 
manifest these additional electrocardiographic and 
ventriculographic features. 

Contractile function of remote myocardium: The 
depressed left ventricular ejection fraction in the high 
risk subset (Group A) may relate not only to the reduced 
contractile function of infarct-related segments but also 
to diminished performance of remote jeopardized 
ischemic segments of the left ventricle. Whether such 
additional anterior and anteroseptal wall motion ab- 
normalities found in our Group A patients represent 
reversible ischemic dysfunction or nontransmural in- 
farction is not clearly established from our data. How- 
over, the significantly higher peak plasma levels of MB 
creatine kinase in Group A than in Group B suggests 
chat associated nontransmural infarction remote from 
«he inferior wall or a larger inferoposterior infarction, 
or both, may play a role in contributing to more severe 
lepression of left ventricular function in Group A pa- 
ients. The reduction in the contractile performance of 
the left ventricular segments, remote from the main 
ocus of inferior infarction, may also be due to the 
'oexistence of reversible ischemic injury in the terri- 
ories of blood supply of coronary arteries that may be 
everely stenosed but not occluded. This finding is in 
oncordance with a previous report!! in which ap- 
roximately one third of patients who recovered from 
nferior myocardial infarction were found to have con- 
omitant severe narrowing of the left anterior de- 
cending coronary artery. 

The observed depression of regional contractile 
erformance of putatively noninfarcted remote left 
entricular segments is unlikely to be related to previous 
nrecognized infarction because none of our patients 
ad historical or electrocardiographic evidence of prior 

1yocardial infarction. Previous studies have demon- 
trated that performance of left ventricular segments 
emote from the infarcted segments may show variable 
egrees of hyper- or hypofunction.12-15 

The problems associated with the delineation of the 
xtent of infarction from the standard electrocardio- 


gram should be emphasized. Anatomic studies have 
demonstrated electrocardiographic underestimation 
of the extent of healed necrosis.!6 However, our study 
demonstrates a high degree of correlation between S-T 
segment depression in precordial leads and the presence 
of regional dyssynergy in noninfarcted segments, raising 
the important possibility that the electrocardiographic 
criteria may be used reliably in detecting the high risk 
subset from the general group of patients with inferior 
myocardial infarction. 

Limitations of the study: The 45? left anterior 
oblique and anterior projections used in this study allow 
clear assessment of wall motion-of anteroseptal, apical 
and posterolateral left ventricular segments, but in some 
patients posterobasal segment 5 is not easily visualized 
in view of the overlapping right ventricle in the anterior 
view. We have recently found that this segment can be 
adequately visualized using a 70? left anterior oblique 
projection. It is therefore possible that in some of our 
patients the wall motion assessment of segment 5 may 
not have been accurate. However, it is unlikely that our 
results would have been materially affected by this 
limitation. 

Clinical implications: The in-hospital clinical 
course of our patients with a depressed left ventricular 
ejection fraction was characterized by a high incidence 
rate of postinfarction ischemic chest pain, pump dys- 
function and mortality. Patients who survived are being 
followed up for progress after their discharge from the 
hospital but, because their left ventricular ejection 
fraction was significantly depressed, their overall 
long-term prognosis is also likely to be compromised. 
Although our results indicate that a high risk subset of 
patients with inferior myocardial infarction can be 
characterized noninvasively, no data are available to 
suggest that aggressive therapy may alter morbidity and 
mortality in these patients. However, if the reversible 
nature of the regional dysfunction found in the remote 
and noninfarcted segments is confirmed by further 
studies, a rational basis will be established, for con- 
trolled clinical trials designed to salvage ischemic 
myocardium in the hope of favorably altering prog- 
nosis. 
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This study describes the results of ergonovine testing in 100 consecutive 
patients who underwent this procedure in a coronary care unit. All patients 
had recently undergone coronary arteriography. A bolus injection of er- 
gonovine was administered at 5 minute intervals in the following doses 
(mg): 0.0125, 0.025, 0.05, 0.1, 0.2, 0.3 and 0.4. The criterion for a positive 
test was the appearance of S-T elevation greater than 1 mm. The test was 
positive in all 17 patients known to have variant angina and in 18 (40 
percent) of 45 patients who had a history of chest pain judged strongly 
suggestive of variant angina but who had no electrocardiogram recorded 
during pain. Of 38 patients with a history of chest pain classified as not 
entirely typical of variant angina, only 1 (2.6 percent) had a positive 
test. 

Of the 64 patients with a negative ergonovine test, 47 had chest pain 
and 25 had nausea but none had more serious complications. Ventricular 
arrhythmia accompanied S-T elevation in 18 of the 36 patients with a 
positive test but occurred in only 4 of the 64 with a negative test (p< 
0.0005). No patient needed treatment with antiarrhythmic drugs. Four 
of the 36 patients with a positive test had serious complications: severe 
transient hypotension (2 patients), recurrent episodes of angina with S-T 
elevation (1 patient) and a subendocardial infarction (1 patient). Thus, 
ergonovine testing is useful in patients with a typical clinical history of 
variant angina but without an electrocardiogram recorded during pain. 
In this study, a small but definite incidence of serious complications oc- 
curred during a positive test. 


The administration of ergonovine maleate during coronary arteriography 
has been shown to be a sensitive and specific diagnostic test for variant 
angina.!-? In patients with documented variant angina ergonovine almost 
always induces angina with S-T segment elevation.1-6 If coronary arte- 
riography is repeated while angina and S-T elevations are present, severe 
coronary spasm is invariably found.!-9 Because the actual visualization 
of coronary spasm is usually unnecessary, ergonovine testing could 
theoretically be performed at another time after coronary arteriog- 
raphy. 

This study was undertaken to evaluate the feasibility and safety of 
ergonovine testing performed in the coronary care unit. In addition, this 
study defines (1) the sensitivity of the ergonovine test applied in this 
manner in patients with proved variant angina, and (2) the frequency 
of a positive test in patients with suspected but unproved variant an- 
gina. 


Methods 


Patients: The study group consisted of the first 100 consecutive patients who 
underwent ergonovine testing in our coronary care unit. There were 53 men and 
47 women whose mean age was 49.5 years (range 24 to 71). Before the test all 
patients were classified on the basis of clinical history into one of three 
groups. 

Group I: 'This group consisted of 17 patients with typical, well documented 
variant angina defined as unprovoked episodes of myocardial ischemic pain at 
rest, lasting less than 5 minutes, associated with transient S-T segment elevation, 
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reversible with nitroglycerin and unassociated with evidence 
of myocardial necrosis. The clinical and angiographic char- 
acteristics of this group are listed in Table I. There were 13 
men and 4 women; their mean age was 51.9 years (range 32 to 
71). The electrocardiogram was normal in 10 of the 17 pa- 
tients, revealed atrial fibrillation in 1 patient and isolated T 
wave abnormalities in 6. The electrocardiographic site of S-T 
segment elevation during spontaneous episodes of variant 
angina was anterior in nine patients, inferior in seven and both 
anterior and inferior in one patient. Coronary arteriography 
revealed entirely normal findings in five patients; isolated 
lesions of less than 50 percent of luminal diameter in three, 
one vessel disease (50 percent or greater stenosis) in three, two 
vessel disease in four, and three vessel disease in one; one 
patient had undergone surgery to bypass a single coronary 
stenosis. Left ventriculography disclosed normal findings in 
14 patients and abnormal findings in 3 (Table I). 

Groups II and III: 'The remaining 83 patients were referred 
by their cardiologist for ergonovine testing because of sus- 
pected variant angina. All 83 patients had a history of chest 
pain at rest compatible with myocardial ischemia but none 
had had a complete electrocardiogram recorded during pain. 
Before the ergonovine test a clinical history was obtained by 
the physician who performed the test and each patient was 
classified into either group II or group III. Group II consisted 
of patients whose clinical history was strongly suggestive of 
variant angina; patients with chest pain possibly due to variant 
angina but with at least one atypical clinical feature were as- 
signed to group III. The distinction between groups II and III 
depended on the physician's interpretation of the patient's 
subjective account of symptoms; however, to increase uni- 
formity, the classification decision was based on the following 
clinical features: the location, description and duration of 
chest pain episodes, the effect of nitroglycerin on chest pain 
(time to relief, reproducibility of effect) and the presence of 
other precipitating or relieving factors. 

Group II contained 45 patients, 26 men and 19 women with 
a mean age of 50.3 years (range 24 to 66). The electrocardio- 
gram was normal in 36 of the 45 patients, showed evidence of 
a previous transmural myocardial infarction in 2, T wave 
abnormalities in 5, left bundle branch block in 1 and atrial 
fibrillation in 1. Coronary arteriography revealed normal 
findings in 27 patients, one vessel disease (50 percent or 
greater stenosis) in 10, two vessel disease in 4 and three vessel 
disease in 2. The two remaining patients, one with one vessel 
disease and the other with three vessel disease, had undergone 
bypass grafting to each of the significantly diseased arteries. 
The left ventriculogram was normal in 39 of the 45 patients 
and abnormal in the other 6. 

Of the 38 patients in group III, 14 were men and 24 were 
women. Their mean age was 47.5 years (range 35 to 65). The 
electrocardiogram was normal in 30 of the 38 patients, showed 
evidence of a previous transmural myocardial infarction in 2, 
abnormal T waves in 4, left bundle branch block in 1 and left 
anterior hemiblock in 1 patient. Coronary arteriography re- 
vealed normal findings in 29 patients, coronary stenoses of less 
than 50 percent in 1, one vessel disease in 2, two vessel disease 
in 4 and three vessel disease in 1. The remaining patient had 
undergone triple coronary arterial bypass grafting for three 
vessel coronary artery disease. The left ventricular angiogram 
was normal in 33 patients and abnormal in 5. Overall, group 
III contained more women, slightly younger patients and more 
patients with normal coronary arteriograms than did the other 
two groups. 

Coronary arteriography: All patients had undergone 
coronary arteriography and left ventriculography before the 
ergonovine test. Selective coronary arteriography was per- 
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formed with a percutaneous femoral approach using pre- 
formed catheters as previously described.’ Particular care was 
taken to avoid catheter-induced coronary arterial spasm. No 
attempt was made during catheterization to induce coronary 
spasm by administering ergonovine. Nitroglycerin was not 
given before the initial dye injections; however, when a lesion 
was noted the vessel was filmed again in several views after 
administration of nitroglycerin. The left ventricular angio- 
gram was filmed in the 30? right anterior oblique view before 
coronary arteriography. All angiographic films were routinely 
interpreted independently by an experienced cardiovascular 
radiologist. In counting the number of involved coronary ar- 
teries, a proximal stenosis of a large diagonal or marginal 
branch was considered as part of the left anterior descending 
or circumflex coronary arterial system, respectively. 

Ergonovine testing: All ergonovine tests were performed 
in identical fashion according to the following protocol: An 
experienced physician and a nurse were continually present 
at the bedside throughout the test. A secure intravenous line 
was in place and an electrocardiographic monitoring oscillo- 
scope was in view. Lead II was monitored except in patients 
with previously documented S-T segment elevation, in whom 
one of the leads that had demonstrated S-T elevation was 
monitored. Nitroglycerin (1.0 mg), lidocaine (100 mg), atro- 
pine (0.8 mg) and metaraminol (3.0 mg) were available at the 
bedside in prepared syringes for rapid intravenous adminis- 
tration. At 1 minute intervals cuff blood pressure and a 12 lead 
electrocardiogram were recorded, beginning 2 minutes before 
the first drug dose and continuing for a minimum of 5 minutes 
after the last injection. At 5 minute intervals a bolus injection 
of ergonovine was administered intravenously in this se- 
quence: 0.0125, 0.025, 0.05, 0.1, 0.2, 0.3 and 0.4 mg. The cri. 
terion for a positive test was the appearance of an S-T segmen! 
elevation greater than 1 mm compared with the control trac 
ing. An intravenous bolus injection of 0.3 mg of nitroglycerir 
was administered as soon as a positive response Was detected 
or at the end of a negative test if diastolic blood pressure ex 
ceeded 100 mm Hg. Informed consent was obtained from eacl 
patient before the test. 

Data analysis: The unpaired t test was used to compar 
the mean values of a single variable between two groups (fo 
example, the dose of ergonovine administered to patients wit! 
anterior versus inferior S-T segment elevation). The paire! 
t test was used to evaluate the significance of hemodynami 
changes before and after ergonovine testing in patients wit 
a negative test. In patients with a positive test a one wa 
analysis of variance was applied to evaluate blood pressur 
and heart rate changes at four different points throughout th 
test. A chi-square analysis was used to determine whether th 
incidence of ventricular arrhythmia differed in positiv 
compared with negative tests. 


Results 


Positive tests: The ergonovine test was positive i 
36 of the 100 patients. The clinical, angiographic an 
ergonovine test data for these 36 patients are listed i 
Table I. Figure 1 illustrates the electrocardiograph 
changes during a highly positive test and Figure 2 show 
the electrocardiogram during a minimally positis 
test. 

The ergonovine test was positive in all 17 patieni 
in group I (that is, those with previously documente 
variant angina). In 16 of the 17 patients, the electri 
cardiographic site of S-T segment elevation was tk 
same as that during spontaneous episodes of variat 
angina: anterior in 8 patients, inferior in 7 and bot 
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TABLE | 
Data on Patients With a Positive Ergonovine Test 


Results of Ergonovine Tests 


oe aaauaniħie 
Site of Site of ÎS-T Maximal Maximal 


Age Coronary Left 
(yr) Arteriography Ventricu- Control 


Case & Sex 


(% stenosis) 


logram 


ECG 


Spontaneous ÎS-T 


During Test 


Dose (mg) 


1 S-T (mm) 


Group I 
32M LAD40 Normal Normal l, aVL, V4. g aVL, Vo 5 0 5 


1 i4 3. 
2  61F LAD75,* RCA40 Normal Normal Il, Ill, aVF Il, Ill, aVF 0.1 9 
3 48M LAD60 Normal Normal l, aVL, V4. 4 l, aVL, V4 5 0.1 13 
4 69M Normal Normal Normal Il, IIl, AVF, Va Il, IIl, aVF 0.025 6 
5  47F LAD90, RCA90 AK:anterolat, T neg V4.3 Il, Ill, aVF Il, IIl, aVF 0.05 2 
apical 
6 58M Normal Normal Normal Il, Ill, AVF, Vs a Il, Ill, aVF 0.1 2 
7 | 50M RCA40 Normal Normal 2-4 Il, Ill, aVF 0.4 2 
8 42M Normal Normal Normal Il, Ill, AVF, Vs a Il, IIl, aVF 0.025 18 
9 60M LAD60 Normal Normal l, II, Ill, aVL, aVF, Il, II, aVF, 0.0125 24 
V4.6 V2.5 
10  44F Normal Normal T neg Il, Ill, aVF, Vo_s 2.4 0.1 2.5 
3-6 
11 62M nie RCA95, Normal T neg V4.g V4.4 I, aVL, Vi. 6 0.05 7 
LCx90 
12 55M LAD95, LCx99 Normal T neg V2.4 V4.4 l, aVL, Vi. a 0.05 10 
13 38M Normal Normal Normal Il, Ill, aVF Il, IIl, aVF 0.3 1.5 
14 54F LAD80, LCx90 Normal Normal Il, IIl, aVF Il, Ill, aVF 0.025 2.5 
15 50M LAD70 AK:anteroapical T negl, aVL, Va.6 V24 Vo.5 0.05 2 
16 42M LAD40 Normal T neg |, Il, aVL, V4.6 V4.6 0.025 2 
3-6 
17 71M LAD90, D90, AK:anterolat Atrial fibrillation I, aVL, Vo. 5 l, aVL, Vo 5 0.1 1 


LCx50 
Group II 
18 | 35M LAD70 HK:anterolat, Normal V4.3 5 


— 0.0 6 
apical 
19 51M LAD75* Normal T neg V4.4 V4.3 V4.3 0.05 2.5 
20 39M LADS50, D70, Normal Normal — V4.4 0.2 4 
RCA75 
21 49M LAD50, D75, Normal Normal — V4.3 0.1 3 
LCx40 
22 48M LAD40, D50 Normal |S-T, T neg V2. s — V4.4 0.1 4 
23  46F Normal Normal Normal 2 l, aVL 0.1 1.5 
24  66F Normal Normal Normal Il, Ill, aVF Il, IIl, aVF 0.025 10 
25 59M Normal Normal T neg, II, Ill, aVF Il, Ill, aVF Il, IIl, aVF 0.025 8 
26 39M LCx90,RCA100 . HK:inferior Normal — V4 0.2 2 
27 47F LAD60, LCx70 Normal Normal — I, aVL, V2 6 0.05 14 
28 49M LAD60, LCx65 Normal Normal V4.4 aVL, V4. 4 0.05 7 
29 58M ECT LCx99, Normal Normal — Il, Ill, aVF 0.2 3 
CA80 
30 59F RCA80 Normal Normal — Il, Ill, aVF 0.1 2 
31 47M Normal Normal Normal — l, aVL, Vo_s 0.2 5 
32 59F Normal Normal Normal — Il, Ul, aVF 0.2 2 
33 52M LAD75,* C90,* Normal Normal — Il, Wl, aVF 0.2 2 
RCA50* 
34 61F Normal Normal Normal — Il, Wl, aVF 0.3 7 
35 50M LAD50, LCx40 HK:diffuse LBBB — Il, Ill, aVF 0.2 2 
Group III 
36  54F LAD40, LCx40 Normal Normal — Il, IIl, aVF 0.4 1.5 
Mean + Standard Deviation 
51.4 0.12 5.4 
+9.4 +0.1 15.2 
I") QUIET RNC a= ne ern Coe ene RTs aco Er ree ee ee ae ee TUM — LEER . 20 


* Artery with saphenous vein bypass graft. 
AK = akinesia; anterolat = anterolateral; BP = blood pressure (mm Hg); C = circumflex coronary artery; D = diagonal branch; neg = negative; 
IK = dyskinesia; EGG = electrocardiogram; HK = hypokinesia; HR = heart rate (beats/min); LAD = left anterior descending artery; LBBB = left 


nterior and inferior in 1. In one patient (Case 7), S-T 
:gment elevation was recorded in leads V; to V4 during 
)ontaneous variant anginal episodes and in leads II, 


[I and aVF during the ergonovine test. 


In group II patients, whose clinical history was 
rongly suggestive of variant angina but without doc- 
mentation, 18 (40 percent) of 45 had a positive test. In 


M 


group III patients, whose clinical history included atyp- 
ical features, only 1 (2.6 percent) of 38 patients had a 
positive test. Spontaneous S-T segment elevation dur- 


ing angina at rest was later documented in 5 patients of 


the 19 patients in group II or III who had a positive test. 


In the other 14 patients symptoms occurred infre- 
quently and a complete electrocardiogram was never 
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TABLE | (continued) 


S ———— 


Results of Ergonovine Tests 








Control Before Test During Test, Before 1S-T During ÎS-T 2 min post-NTG 
EL ee Arrhythmia 
Case HR BP HR BP HR BP HR BP During Test 
MEUM. rx oo i onu e ril cit a SERRE Sot ES Sree 
Group ! 
oc OM SE a reas A NR  uo remo 0n e ERE UR dapes ain os 
1 84 145/100 88 145/100 88 150/105 70 125/85 VE, bigeminy 
2 84 125/80 84 120/80 84 110/70 64 60/40 VE 
3 68 108/72 64 110/75 75 110/85 82 105/76 VE, pairs 
4 62 170/110 64 170/110 74 190/120 84 175/110 None 
5 60 100/65 65 116/66 68 105/70 102 110/66 None 
6 72 110/80 73 120/90 58 115/85 61 110/80 None 
7 58 150/100 64 160/105 60 120/90 67 130/90 SVE 
8 85 175/115 87 180/110 90 170/120 86 170/110 None 
9 66 120/70 63 115/70 58 120/90 72 125/70 VE, pairs 
10 68 140/80 70 140/90 90 150/100 72 140/90 None 
11 76 120/70 74 120/75 75 120/90 74 130/80 VE 
12 86 140/90 90 160/100 110 164/100 78 160/100 VE 
13 84 160/110 80 180/120 98 170/110 72 150/100 VE, pairs 
14 77 156/100 71 170/100 73 170/98 86 160/100 None 
15 53 130/90 49 140/80 49 130/90 57 120/90 None 
16 59 150/90 57 150/90 68 160/110 62 130/90 VE, bigeminy 
17 92 120/80 110 140/80 140 140/100 115 140/80 VE 
o en d LEE NE AERA ENO F 1, 0 ee E LIRE REN: Op Cure We» ORIS FU C PTOREEOE APRES UE 
Group Il 
18 47 135/78 61 110/70 54 130/90 52 122/75 VE, V tach 
19 45 110/70 60 130/85 62 145/95 © 46 140/80 VE, bigeminy 
20 75 134/90 80 160/104 78 170/110 95 160/105 None 
21 64 120/80 60 125/80 64 160/100 68 150/100 None 
22 70 100/65 76 140/90 86 150/90 80 120/85 None 
23 65 118/70 75 124/84 81 130/85 82 120/84 VE, bigeminy 
24 74 100/60 73 150/90 76 140/85 63 130/80 VE 
25 43 130/90 45 120/80 48 130/80 55 110/80 VE, bigeminy 
26 60 110/70 68 120/78 53 124/100 79 120/100 None 
27 94 132/80 94 140/80 49 120/60 68 0/0 VE 
28 71 130/80 70 110/70 79 130/90 74 140/90 VE, V tach 
29 54 170/90 55 190/110 62 190/110 68 160/110 None 
30 56 100/80 60 130/80 58 140/80 55 120/80 None 
31 94 120/70 84 130/80 88 110/90 96 120/70 VE 
32 78 132/86 68 140/92 67 135/95 74 132/90 VE 
33 75 118/72 77 135/88 78 142/90 80 100/76 None 
34 62 152/80 65 142/72 62 152/80 45 132/80 None 
35 66 138/70 65 130/70 72 150/100 51 170/100 None 
EROELATUE el eae) ar x^v uy, Gm SO ge 
36 60 130/70 49 140/100 60 104/80 51 90/60 None 
Mean + Standard Deviation 
69.1 130.5/82.0 70.5 138.9/87.2 73.2 140.2/92.9 71.8 127.1/83.4 
+13.4 +20.5 + 13.6 +13.6 +21.2 + 13.9 +18.6 +23.2 + 13.4 +15.8 +32.3 + 20.6 


bundle branch block; LCx = left circumflex coronary artery; NTG = 0.3 mg bolus injection of intravenous nitroglycerin; RCA = right coronary artery; 
SD = standard deviation; 1S-T = S-T segment elevation; (S-T = S-T segment depression; SVE = supraventricular extrasystoles; T = T wave; 
VE = ventricular extrasystoles; V tach = ventricular tachycardia. 


in 15 of 17 patients at 0.1 mg or less of ergonovine. 
Overall, only 4 of the 36 positive tests occurred at the 
0.3 or 0.4 mg dose level. The mean (+ sta dard devia- 
tion) maximal dose of ergonovine for positive tests was 
0.12 + 0.1 mg. In patients in group I, the mean maximal 
ergonovine dose was 0.09 + 0.1 mg, which was not sig- 
nificantly different from the mean maximal dose of 0.13 


recorded during a severe episode of chest pain at rest. 
S-T segment elevation during chest pain was not noted 
in any of the 64 patients with a negative test. 

Dose of ergonovine: Figure 3 illustrates the number 
of patients who had a positive test at each ergonovine 
dose level. In group I the test became positive (ap- 
pearance of S-T segment elevation greater than 1 mm) 


December 1980 The American Journal of CARDIOLOGY Volume 46 925 


ERGONOVINE TESTING—WATERS ET AL. | 





+ 0.08 mg in patients in group II with a positive test. 
The maximal ergonovine dose for patients who mani- 
fested S-T segment elevation in the anterior electro- 
cardiographic leads was 0.09 + 0.06 mg, compared with 
0.16 + 0.13 mg for patients with S- T elevation in the 
inferior leads (difference not significant). 
Complications: No serious complications occurred 
in the 64 patients with a negative test, although adverse 
effects were common. Forty-seven of these patients had 
chest pain during the test, usually atypical for angina 
and never associated with S-T segment changes. 
Twenty-five patients complained of nausea and in eight 
vomiting occurred. Five patients complained of head- 
ache. The diastolic cuff blood pressure increased to 
more than 100 mm Hg in 14 of the 64 patients at the end 
of the test. In each patient this abnormality caused no 


Control 


Imin post 


Ergo 0.05mg 


eiua post 


NTG 0.3mgIV S 





FIGURE 1. Patient 8. Electrocardio- 
graphic tracings from a highly positive 
ergonovine test. The control electro- 
cardiogram (ECG) is normal. Three 
minutes after the 0.025 mg dose of 
ergonovine (Ergo), angina develops 
with S-T elevation in leads II, Ill and aVF 
(second panel). Two minutes later, 1 
minute after an intravenous nitroglyc- 
erin (NTG) bolus injection, the degree 
of S-T elevation has increased (third 
panel). One minute later angina has 
disappeared and the S-T segment has 
returned to normal (bottom panel). 


detectable adverse consequences; one or two intrave- 
nous bolus injections of 0.3 mg of nitroglycerin at the 
end of the test rapidly returned blood pressure to pre- 
test levels in each instance. No important changes in 
heart rate or rhythm were detected during negative 
tests. 

Serious complications occurred in 4 of the 36 pa- 
tients with a positive test. In two patients (Cases 2 and 
27) severe hypotension developed during S- T segment 
elevation after nitroglycerin administration. Both of 
these patients had abnormal coronary arteriograms; in 
one the site of S-T segment elevation was inferior and 
in the other it was anterior. Neither patient had heart 
block during ergonovine-induced S-T segment elevation 
but neither manifested reflex tachycardia as a response 
to the marked decrease in blood pressure. Both of these 


FIGURE 2. Patient 23. Electrocar- 
diographic tracings from a mini- 
mally positive ergonovine test. The 
control electrocardiogram is nor- 
mal. One minute after the 0.05 mg 
dose of ergonovine angina and 
ventricular bigeminy develop (sec- 
ond panel) the S-T segment is 
slightly elevated in lead | and ele- 
vated 1 mm in aVL. These changes 
disappeared after intravenous ni- 
troglycerin (bottom panel). 
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patients received intravenous metaraminol; blood 
pressure and S-T segments returned to normal in less 
than 5 minutes and no adverse sequelae could subse- 
quently be detected. In another patient (Case 29), an- 
gina with S-T segment elevation recurred several times 
during the 30 minutes after the test. Both the pain and 
S-T segment elevation promptly regressed each time 
after a bolus injection of 0.3 mg of nitroglycerin. The 
electrocardiogram was subsequently normal and no 
evidence of myocardial necrosis could be detected. 

In Patient 12, a 95 percent proximal left anterior 
descending coronary arterial stenosis and a 99 percent 
circumflex arterial lesion were noted on arteriography. 
The control electrocardiogram showed negative T waves 
without Q waves in leads Və to V4. Angina and S-T 
segment elevation in leads V; to V4 developed during 
the ergonovine test but both disappeared in less than 
4 minutes with a bolus injection of 0.3 mg of nitroglyc- 
erin. Angina did not recur, but for 2 hours after the test 
the blood pressure ranged from 170/110 to 190/120 mm 
Hg; thereafter, antihypertensive treatment was insti- 
tuted. On the following day the electrocardiogram was 
unchanged but serum levels of creatine kinase and its 
isoenzyme and of lactate dehydrogenase were slightly 
elevated. A subendocardial infarction secondary to the 
prolonged hypertensive episode caused by the ergono- 
vine test was diagnosed. 

Ventricular arrhythmias were detected in 18 of the 
36 patients with a positive test compared with 4 of 64 
patients with a negative test (p «0.0005). In eight of the 
patients with a positive test and in the four patients with 
a negative test, only isolated ventricular extrasystoles 
occurred. The most complex ventricular arrhythmia 
during a positive test was bigeminal rhythm in five pa- 
tients, ventricular paired complexes in three patients 
and a short burst of ventricular tachycardia lasting less 
than 15 seconds in two patients. In each of the four pa- 
tients with ventricular extrasystoles and a negative test 
the arrhythmia had been detected on other occasions 
and was thought to be chronic. In each of the patients 
with ventricular arrhythmia during a positive test, the 
arrhythmia developed coincident with angina and S-T 
segment elevation and in every instance it disappeared 
spontaneously when the S-T segment returned to nor- 
mal. Antiarrhythmic drugs were not administered to 
any patient, although they were available at the bedside. 
No patient had second or third degree atrioventricular 
block or intraventricular conduction disturbances 
during the test. 

Hemodynamic changes: In the 64 patients with a 
negative test, the cuff blood pressure increased from 
129.9 + 21.6/81.6 + 11.2 mm Hg 1 minute before the test 
to 156.6 + 26.7/94.6 + 15.5 mm Hg (p <0.0005) 4 min- 
utes after the last dose of ergonovine. Heart rate in this 
group did not change significantly, from 68.9 + 12.8 
beats/min before to 70.4 + 12.6 after the test. 

In the 36 patients with a positive test, the cuff blood 
pressure was 130.5 + 20.5/82.0 + 13.6 mm Hg before the 
test (the same as in patients with a negative test). After 
the administration of ergonovine but before the occur- 
rence of angina or S- T segment elevation, blood pres- 
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FIGURE 3. Number of patients with a positive test at each ergonovine 
dose level. Thirty two of the 36 tests were positive at a dose of 0.2 mg 
or less. 


sure had increased to 138.9 + 21.2/87.2 + 13.9 mm Hg. 
During S-T segment elevation a further slight increase 
in blood pressure, particularly diastolic pressure, to 
140.2 + 23.2/92.9 + 13.4 mm Hg was noted. At 2 minutes 
after the administration of an intravenous bolus injec- 
tion of 0.3 mg of nitroglycerin the blood pressure had 
decreased to 127.1 + 32.3/83.4 + 20.6 mm Hg. The 
changes in blood pressure throughout the test were 
highly significant (p «0.0005). A small, clinically un- 
important increase in heart rate occurred in this group 
during the test (from 69.1 + 13.4 before to 70.5 + 13.6 
after ergonovine administration, but before S-T seg- 
ment elevation to 73.2 + 18.6 during S- T segment ele- 
vation). Two minutes after nitroglycerin administration 
the heart rate had decreased slightly to 71.8 + 15.8/ 
min. 

Correlation with angina: The criterion for a posi- 
tive test in this study was the appearance of S-T seg- 
ment elevation. This finding occurred in 36 patients, 34 
of whom had coexistent angina. Two patients (Cases 8 
and 14) had S-T segment elevation without angina 
during the test; both had had documented episodes of 
transient S-T segment elevation at rest, with and 
without angina. The onset of angina was coincident with 
the onset of S- T segment elevation in 19 patients; an- 
gina slightly preceded S-T elevation in 11 patients and 
S-T elevation preceded the onset of angina in 4 pa- 
tients. 

No patient in this study had angina with coexistent 
S-T segment depression during the ergonovine test, 
unless S-T segment elevation also occurred. In most 
patients who had marked S-T elevation reciprocal S-T 
segment depression was noted in other leads (Fig. 1). In 
only one patient (Case 31) was S-T segment depression 
detected before the onset of S- T elevation; this patient 
had angina together with 2 to 3 mm S-T depression in 
leads V3 to Vg 1 minute before the onset of S-T elevation 
in leads I, aVL and Vs to Vs. This sequence of changes 
was reproducible on a subsequent ergonovine test in this 
patient. 


Discussion 


Although the administration of ergonovine in the 
coronary care unit has previously been described,®° 
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ergonovine tests are usually performed during coronary 
arteriography.!© This study describes the results of 
ergonovine testing in the coronary care unit in 100 
consecutive patients with suspected or documented 
variant angina who had previously undergone coronary 
arteriography. In each case incremental doses of ergo- 
novine were administered at 5 minute intervals begin- 
ning with a dose of 0.0125 mg and increasing to 0.4 mg 
if a positive response was not detected. The criterion for 
a positive test was the appearance of S- T segment ele- 
vation of greater than 1 mm compared with that in the 
control electrocardiogram. 


Sensitivity and Specificity 


Sensitivity: The ergonovine test was positive in all 
17 patients with previously documented variant angina, 
demonstrating that the sensitivity of the test is excellent 
when it is performed as in this study. This sensitivity 
is probably dependent on the amount of ergonovine 
administered, the criteria for a positive response and the 
level of symptom activity in the patients studied. The- 
oretically, ergonovine-induced coronary spasm could 
occur without S-T segment elevation, producing a 
negative test according to the criterion of our study but 
a positive test using angiographic criteria. In the study 
of Heupler et al.,? 2 of the 10 patients with variant an- 
gina and ergonovine-induced coronary spasm had no 
coincident S-T segment abnormalities. Because all 17 
patients with variant angina in our study had a positive 
test using the criterion of S-T segment elevation, sen- 
sitivity in our study does not appear to be limited by this 
problem, possibly because of the larger cumulative dose 
of ergonovine that we administered. However, some of 
the patients that we tested may have had undetected 
coronary spasm at lower dose levels, before the elec- 
trocardiographic manifestations of ischemia appeared. 
Theoretically, the sensitivity of the ergonovine test 
when performed during coronary arteriography could 
be decreased by the vasodilatory effect of the angio- 
graphic contrast medium. Finally, the frequency of 
variant anginal episodes appears to correlated with the 
results of ergonovine testing?; thus, sensitivity likely 
depends on the symptom level in the patients with 
variant angina under study. In our experience when 
patients with a previously positive test are retested after 
a long asymptomatic interval, many have a negative 
result. 

Specificity: In this study, as in previous studies, the 

exact specificity of the ergonovine test is difficult to 
define, because an unexpectedly positive response may 
not be a false positive result but a reflection of atypical 
or undocumented variant angina. Thus, 3 of 66 patients 
with "angina-like chest pain" in the study of Heupler 
et al.? had a positive test and in each case the authors 
concluded that coronary spasm was probably the cause 
of chest pain. None of the 19 patients without variant 
angina studied by Curry et al.* had a positive test; one 
of 35 patients with atypical chest pain in the study of 
Schroeder et al. had coronary spasm. We obtained 
similar results: Only 1 of the 38 patients in our group III 
(those with a clinical history not entirely typical of 
variant angina) had a positive test. 


The frequency of a positive test was 40 percent (18 of 
45) in patients in group II, in whom variant angina was 
strongly suspected but not documented. Some of these 
tests may be false positive cases, but in five patients 
variant angina was later documented and in none of the 
others has a complete electrocardiogram been recorded 
during a spontaneous episode of severe chest pain at 
rest. T'hese considerations suggest that the specificity 
of ergonovine testing as performed in this study is 
probably satisfactory; however, the design of the study 
does not provide a definitive answer to this question. 


Indications 


A diagnostic ergonovine test is indicated in patients 
whose clinical history is highly suggestive of variant 
angina although S-T segment elevation has not been 
documented (our group II). In this study, 40 percent of 
such patients had a positive test. Confirming the diag- 
nosis of variant angina is clinically important in these 
patients, because the institution of specific treatment 
with calcium antagonist drugs can eliminate episodes 
of variant angina even in most patients who do not re- 
spond to long-acting nitrates.9.11-15 In patients with less 
typical symptoms (group III) ergonovine testing pro- 
duces a low yield of positive tests (less than 3 percent 
in this study) and thus is not routinely indicated. 
However, in some of these patients with disabling chest 
pain ergonovine testing can be useful to eliminate the 
unlikely possibility of variant angina. In patients with 
documented variant angina (group I), an ergonovine test 
is not necessary for diagnostic purposes. 


Complications 


In most patients the administration of ergonovine 
causes a dose-related increase in systolic and diastolic 
arterial pressure. A reflex decrease in heart rate usually 
does not occur, probably because of a countervailing 
chronotropic effect of the drug. Nausea, vomiting and 
chest pain frequently occur during negative tests and 
appear to be dose-related. In this study, no other com- 
plications occurred in the 64 patients with a negative 
test. 

Arrhythmias: Because ergonovine-induced episodes 
of variant angina are similar to spontaneous episodes, !6 
ventricular arrhythmias and A-V block could be ex- 
pected to complicate positive tests. Indeed, half of our 
patients with a positive test had ventricular arrhythmias 
during S-T segment elevation, including two patients 
who had short bursts of ventricular tachycardia; how- 
ever, in every instance the arrhythmia spontaneously 
disappeared when the S-T segment returned to normal. 
No patient required treatment with antiarrhythmic 
drugs. Second or third degree A-V block did not occur 
in any patient. 

Myocardial ischemia and infarction: In addition 
to these expected events, more serious complications 
were noted in four patients. The combination of 
transmural myocardial ischemia and intravenous ni- 
troglycerin administered as a bolus injection caused 
transient but severe hypotension in two cases. The ab- 
sence of an appropriate reflex increase in heart rate in 
these two patients is similar to the atypical response 
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reported by Come and Pitt!" in five patients with acute 
myocardial infarction treated with nitroglycerin. After 
the administration of an intravenous vasopressor, ar- 
terial pressure and S- T segments returned to normal 
within 5 minutes. In another patient, recurrent episodes 
of angina with S-T segment elevation, relieved by ni- 
troglycerin, occurred over a 30 minute period after the 
ergonovine test. In none of these three patients did the 
complications cause permanent sequelae. However, in 
the fourth patient with a complication a subendocardial 
infarction developed after the ergonovine test. A severe 
proximal fixed coronary stenosis was present in this 
patient and severe hypertension persisted for 2 hours 
after the test; this combination probably caused the 
subendocardial infarction, because angina and S-T el- 
evation during the ergonovine test lasted for less than 
4 minutes. This complication might have been pre- 
vented if antihypertensive therapy had been instituted 
more promptly. 

Role of fixed coronary stenosis: Among the 36 
patients with a positive test, 21 had fixed coronary le- 
sions greater than 50 percent and each of the 4 patients 
with complications was in this group. Complications did 
not occur in any of the 15 patients without significant 
fixed stenoses. Since the end of this study we have 
performed 113 additional positive tests using this pro- 
tocol; the only patient with a complication in this second 
series had severe fixed lesions. These observations 
suggest that complications during ergonovine testing 
may be limited to patients with fixed coronary lesions. 
Because the test appears to be more dangerous in as- 
sociation with multiple severe fixed obstructions, we no 
longer use it in patients with these findings. 

Previously reported incidence of complications: 
Serious complications were not reported in the initial 
studies! of ergonovine testing performed during cor- 
onary arteriography and the number of patients with 
a positive test in these studies totals more than 50. Two 
of the groups?? responsible for these studies originally 
recommended that the test be performed only during 
coronary arteriography because of the potential for se- 
rious complications; however, one of these two groups 
now perform some tests outside the catheterization 
laboratory if the coronary anatomy is known.!*18 Re- 
cently, Buxton et al.!9 reported several deaths caused 
by intractable coronary spasm after ergonovine ad- 
ministration during coronary arteriography and sug- 
gested that intracoronary nitroglycerin should be 
available for this circumstance. Both in our present 
study and in our subsequent experience!?.2? using our 
ergonovine test protocol (a total of 149 positive tests), 
no patient has had angina and S-T elevation that did 
not regress within 5 minutes after an intravenous bolus 
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injection of nitroglycerin. We believe that the 5 minute 
interval between doses and the comparatively small 
initial doses of ergonovine used in our protocol accounts 
for its relative safety. 


Limitations of the Study 


The patients tested in this study are not represen- 
tative of most patients with coronary artery disease; 
therefore, our results may not be applicable to patients 
with typical exertional angina or severe multivessel 
disease. The normal response to ergonovine, an increase 
in afterload, a generalized decrease in coronary arterial 
diameter without focal spasm and an increase in coro- 
nary resistance, would be expected to induce angina 
with S- T depression in some patients with severe cor- 
onary disease, as found by Stein and Weinstein?! in 
1950. None of the patients in our study had S-T de- 
pression in the absence of S-T elevation. 

Although all of our patients with documented variant 
angina had S-T elevation in response to ergonovine, an 
additional method of detecting myocardial ischemia 
during the test would be useful, particularly in patients 
with severe coronary lesions. Cross-sectional echocar- 
diography?? or radioisotopic left ventriculography 
performed in conjunction with the ergonovine test could 
thus provide clarification or confirmation of the test 
results. Finally, in patients with severe coronary disease 
or left ventricular dysfunction, ergonovine testing might 
cause more frequent complications than found in this 
study. 


Present Recommendations 


On the basis of these data we recommend (1) that 
ergonovine testing be performed either in a coronary 
care unit environment in patients with known coronary 
anatomy or during coronary arteriography, (2) that 
patients with multiple severe fixed obstructions not be 
tested, (3) that the initial ergonovine dose be limited to 
0.0125 or 0.025 mg, (4) that ergonovine not be admin- 
istered more often than at 5 minute intervals, and (5) 
that angina with S-T elevation be treated immediately 
with intravenous or intracoronary nitroglycerin. If the 
first ergonovine dose used is 0.05 mg or more, the test 
should probably be performed in the catheterization 
laboratory because intracoronary nitroglycerin may be 
required. Further experience is required to determine 
which components of the test procedure cause compli- 
cations. 
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Patients with exercise-induced S-T elevation or S-T depression were 
evaluated with demographic, treadmill and angiographic data. When 541 
patients with S-T depression were compared with 109 patients with S-T 
elevation, a greater proportion of the former had chest pain (71 versus 
58 percent) and a normal-sized ventricle (86 versus 61 percent) with 
normal wall motion (54 versus 30 percent). A greater proportion of patients 
with S-T elevation had had a previous myocardial infarction (61 versus 
33 percent). Among patients without prior infarction (360 with S-T de- 
pression and 42 with S-T elevation), these differences disappeared. In 
this group of 42 patients with S-T elevation, 83 percent had a normal-sized 
ventricle, 64 percent had normal contractility and none had a ventricular 
aneurysm; the severity of coronary disease and ventricular dysfunction 
did not differ from the severity in patients with S-T depression. Thus, in 
patients without prior myocardial infarction, the cause of the development 
of S-T elevation or S-T depression during exercise does not appear to be 
related to the severity of the coronary lesions, ventricular function or wall 
abnormalities at rest. In patients with prior myocardial infarction, exer- 
cise-induced S-T elevation appears to be a marker of depressed left 
ventricular function. _ 


Although exercise-induced S- T segment elevation has been reported for 
more than 10 years, ? the number of studies and patients investigated 
has been small. The clinical significance and the cause of S-T segment 
elevation remain unsettled. Several abnormalities associated with this 
elevation have been described, including left ventricular aneurysm,?^ 
variant angina,9 severe ischemic disease? and left ventricular wall 
abnormalities.* Exercise-induced S-T segment elevation is rarely seen 
in asymptomatic healthy persons.? 

About two thirds of the patients reported on had had a previous 
myocardial infarction, and were thus more likely to have had left ven- 
tricular aneurysm, wall motion abnormalities or severe coronary artery 
disease. A recent study!? suggested that among patients without prior 
myocardial infarction, there are no distinguishing demographic differ- 
ences between patients with S- T segment elevation and those with de- 
pression. Wall motion at rest was reported as normal in most patients 
with S-T elevation. 

This study expands and quantitates information concerning patients 
with exercise-induced S-T elevation with or without prior myocardial 
infarction and further compares these subgroups with corresponding 
subgroups of patients with exercise-induced S-T depression. 


Methods 


Study patients: At the time of this analysis, the Duke Computerized Infor- 
mation System contained prospectively collected data regarding treadmill 
testing, coronary angiography and contrast left ventriculography in 2,590 pa- 
tients. 1^1? Our study group consisted of those 650 patients whose only criteria 
for entry into the study were a positive exercise tolerance test and diagnostic 
cardiac catheterization performed between November 1, 1972 and January 1, 
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TABLE ! 


Comparison of Patients With S-T Depression and 
S-T Elevation 


S-T| p Value S-TT 
Patients 
Number 541 109 
Age (yr) (mean + SD) 50.6 + 9.2 = 0.21 49.8+ 8.2 
M/F ratio 6:1 = 0.14 9:1 
Chest pain (%)* 71 «0.02 58 
Reason treadmill 
test terminated 
(96) 
Angina 27 «0.03 17 
Fatigue 35 — 0.66 33 
ECG changes 25 — 0.19 25 
Dyspnea 10 — 0.09 16 
Peak HR (beats/min) 

(mean + SD) 135 + 26 138 + 26 
Exercise stage achieved 24 1: 2.9 x 1.1 
(cdi vw ventricle 86 <0.0001 61 

(% 
Normal contractility (%) 54 <0.0003 30 
Wall motion abnormality 45 <0.0001 64 
7b) 
Aneurysm (96) 1 «0.0002 6 
LMC obstr. (96) 8 = 0.77 9 
Vessels with CAD 
(mean + SD) 2.0 + 1.0 = 0.24 2.3 + 0.9 
Ejection fraction 
«0.40 (96) 11 «0.0001 31 
20.40 (96) 89 «0.000 1 69 
Previous MI (96) 33 «0.0001 61 


* Chest pain indicates development of angina-like pain on exercise 
whether or not it resulted in termination of treadmill test. 

CAD = coronary artery disease; ECG = electrocardiographic; HR 
— heart rate; LMC obstr. — obstruction of left main coronary artery; M/F 
— male/female; MI — myocardial infarction; p — probability; SD — 
standard deviation; S-T| and S-TÎ = S-T segment depression and el- 
evation, respectively. 


1979. Patients who had congenital heart disease, idiopathic 
hypertrophic subaortic stenosis or valvular heart disease other 
than mild mitral regurgitation were excluded. The patients 
are a selected group in that Duke is a major referral center. 
However, the reasons for referral are probably no different 
from those made to many cardiologists and include problem 
chest pain of unknown cause, assessment and treatment rec- 


ommendations for patients with angina, or assessment o: 
young patients with myocardial infarction. All patients whc 
had undergone treadmill testing or cardiac catheterizatior 
were entered into the computerized system. 

Treadmill exercise procedure: The exercise tolerance 
tests were obtained using the graded multistage Bruce pro 
tocol,? with patients in the fasting state. Patients wert 
monitored continuously with four standard electrocardio. 
graphic leads, and at each stage full 12 lead electrocardiograms 
were recorded. Leads in which S- T segment elevation or de- 
pression occurred were noted, as were peak heart rate, exercise 
stage achieved, reason for terminating the test, and the 
presence or absence of chest pain. The treadmill test was 
considered positive if there was horizontal or downward 
sloping S- T segment depression of 0.1 mV or greater than 80 
ms after the J point; in the presence of S- T depression in the 
control tracing, additional depression greater than or equal 
to 0.2 mV was required. These changes had to occur in the 
absence of drug or electrolyte abnormalities known to induce 
them. A test was also considered positive if there was 0.1 mV 
or more elevation in the S- T segment in response to exercise 
This criterion was applied whether the S- T segment at rest 
was isoelectric or already elevated. All patients with any S-T 
elevation had their records examined individually. Patient: 
in whom both S-T elevation and depression occurred wer« 
included in the group with S-T elevation. There were 541 
patients with S- T depression and 109 patients with S-T ele. 
vation. Blood pressure was measured using standard arm cuf! 
sphygmomanometers in each stage and every 2 minutes afte! 
exercise until it stabilized. 

Catheterization data: Cardiac catheterization includec 
right and left heart catheterization, biplane left ventriculog. 
raphy and selective coronary arteriography. The Judkin: 
technique was used unless a contraindication existed, in whict 
case the Sones technique was used. Ventricular volumes were 
calculated using biplane analysis as previously described. ! 
Before 1974, specific volume data were not collected and 
ventricular size was scored as normal or mildly, moderately 
or massively enlarged. Ejection fraction was not routinely 
calculated for all patients before 1974, although data for thi: 
variable during and after 1974 were available. Significan: 
coronary disease including the left main coronary artery wa: 
defined as a luminal narrowing of 75 percent or more. Lesion: 
were defined by the consensus of three experienced an 
giographers. 


[] S-T depression 








P«.0001 
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P«.0001 
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Prior EF«40* Normal Normal Chest 
M.I Contractility Sized Pain 
Ventricle 


932 


Ya 9-T elevation 


FIGURE 1. All patients with S-T depression or S-T elevatio! 
induced by exercise. Chest pain refers to the developmen 
of chest pain during treadmill testing whether or not it wa: 
the reason for terminating the test. Dyspnea refers to the 
reason for terminating the test. E.F. = ejection fraction; M.I 
— myocardial infarction; P — probability. 
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Prior MI No Prior MI 
PELLUS CIBC RI LL 
STi S-T1 p S-Tl S-TÎ p 
Patients 
Number 181 67 360 42 
Age (yr) (mean + SD) 51.2 + 8.6 47.9+ 8.1 <0.008 50.3+ 9.4 52.8 + 7.5 = 0.07 
M/F ratio 12:1 16:1 = 0.62 4:1 6:1 = 0.60 
Chest pain (%) 68 46 <0.004 66 69 = 0.67 
Reason test terminated (%) 
Angina 32 19 <0.05 24 12 = 0.08 
Fatigue 31 37 = 0.34 37 26 = 0.15 
Dyspnea 11 18 = 0.15 10 12 = 0.62 
ECG changes 28 15 <0.03 23 40 = 0.02 
Peak HR (beats/min) (mean + SD) 130 + 24 141+ 22 138 + 26 132 + 26 
Exercise stage achieved (mean + SD) 2.3'x 1,0 2.5 + 1.1 2.1 E 1.1 1.8 + 0.9 


Abbreviations as in Table I. 


Wall motion abnormalities were defined using biplane 
angiography and were scored qualitatively as asyneresis when 
systolic wall motion was less than normal, akinesia when no 
systolic movement occurred and dyskinesia when paradoxical 
systolic motion occurred. An aneurysm was defined as a par- 
adoxical systolic bulge with a neck, seen on angiography. Wall 
motion was defined as normal, abnormal or aneurysm for- 
mation. 

Prior myocardial infarction was defined as a convincing 
clinical history along with significant (40 ms) Q waves in the 
electrocardiogram at rest. 

Statistical analyses were performed using chi-square 
contingency tables or the unpaired t test as appropriate. 


Results 


Demographic, treadmill and angiographic data 
for the groups with S- T depression and S-T eleva- 
tion (Table I): There were no significant differences 
in age, male/female ratio, peak heart rate achieved or 
exercise stage attained in the two groups. Significant 
differences were evident in the treadmill data. Patients 
with S-T depression were more likely to have exercise 
terminated because of angina and were more likely to 
have chest pain during the treadmill test. Significant 


differences also were found in the cardiac catheteriza- 
tion data for the two groups. Those with S-T depression 
were more likely to have a normal-sized ventricle with 
normal wall motion and to have a normal to mildly re- 
duced ejection fraction (Fig. 1). 

The group with S-T elevation had significantly more 
patients with previous myocardial infarction. Because 
this might account for the other differences observed 
between the two groups, we analyzed the same variables 
after separating each group into two subsets—those 
with and those without myocardial infarction. There 
were 181 patients with and 360 without prior myocardial 
infarction in the group with S-T depression, and 67 with 
and 42 without prior infarction in the group with S-T 
elevation. The demographic and treadmill data are 
shown in Table II, the angiographic data in Table III. 

When patients with prior infarction were excluded, 
there were no longer significant differences between 
patients with S-T depression and those with S-T ele- 
vation in the proportion who manifested chest pain or 
terminated the treadmill test because of angina, fatigue 
or dyspnea, although in a greater proportion of patients 
with S-T depression the test was stopped because of 
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FIGURE 2. Patients with no previous myocardial infarction. 
Dyspnea and fatigue refer to reasons for terminating the 77 
treadmill test. Chest pain refers to the development of chest EF.«40* | Normal Normal 
pain whether or not it was the reason for terminating the Contractility Sized 
test. Ventricle 


December 1980 The American Journal of CARDIOLOGY Volume 46 9 


EXERCISE-INDUCED S-T ELEVATION—STILES ET AL. 


electrocardiographic changes. Similarly, there were no 
angiographic differences between patients with S-T 
elevation or depression when the patients with prior 
myocardial infarction were excluded (Fig. 2). 

In the subgroup with S-T elevation and no previous 
myocardial infarction three patients (all women) were 
found to have normal coronary arteries and one patient 
had reversible coronary spasm documented. However, 
there was no systematic attempt to induce coronary 
spasm in this group. In the subgroups with prior myo- 
cardial infarction there were differences between pa- 
tients with S-T elevation and those with S-T depression. 
In patients with S-T elevation the exercise test was less 
likely to be stopped because of angina or electrocar- 
diographic changes, and angiographic data in this group 
revealed that there were fewer patients with a normal- 
sized ventricle, fewer with normal contractility, more 
with an ejection fraction of less than 40 percent and 
more with ventricular aneurysm (Fig. 3). 

Concomitant S-T depression and S-T elevation: 
The routine use of 12 lead electrocardiograms permitted 
us to determine the frequency of concomitant S-T de- 
pression in the group with S-T elevation. Concomitant 
S-T depression was noted in 55 percent in the subgroup 
with no previous myocardial infarction, but in 37 per- 
cent of those with previous infarction. The location of 
the S-T segment elevation in the 12 lead electrocardi- 
ogram also permitted us to seek an association between 
the location of the S-T elevation and the location of the 
coronary lesions (Table IV). The most striking finding 
was that S-T elevation in leads V; to V3 was always as- 
sociated with a significant lesion in the left anterior 
descending artery. S-T elevation in leads V4 to Vg was 
associated with a left anterior descending lesion in 16 
of 17 of those with a prior myocardial infarction. 

S-T elevation in electrocardiogram at rest: In the 
group with previous myocardial infarction and exer- 
cise-induced S-T elevation there were persistent S-T 
elevations (at rest) from the time of the infarct in the 
control tracings in 43 patients (64 percent), 5 (12 per- 


cent) of whom had an aneurysm. There were no per- 
sistent S-T elevations at rest in 24 patients (36 percent), 
1 (4 percent) of whom had an aneurysm. Overall, 9 
percent (6 of 67) patients had an aneurysm, compared 
with 2 percent of patients with S-T depression and 
previous myocardial infarction. In the group with no 
previous myocardial infarctions but with exercise- 
induced S-T elevation only one patient had minor S-T 
elevation at rest. 

Finally, when the group with previous myocardial 
infarction and exercise-induced S-T elevation was 
separated into those with isoelectric S-T segment and 
S-T elevation at rest, there were no differences in rea- 
sons for terminating the treadmill test. Fatigue was 
found in 59 versus 49 percent (p = 0.52), dyspnea in 21 
versus 19 percent (p = 0.09) and the development of 
chest pain in 20 versus 17 percent (p = 0.59), respec- 
tively. There was no difference in exercise stage 
achieved or peak heart rate during the treadmill test. 
In comparing the angiographic data in these same 
groups the only statistically significant difference oc- 
curred in the percent of patients with normal ventric- 
ular contractility; normal ventricular function was noted 
in 20 percent of those with an isoelectric S-T segment 
at rest versus 2 percent of those with S-T elevation at 
rest (p = 0.01). 


Discussion 


The association of exercise-induced S-T segment 
elevation with ventricular wall motion abnormalities at 
rest? and aneurysm has been well described.?-5 How- 
ever, the studies reported contained many patients with 
previous myocardial infarction, raising the possibility 
that this association may be a result of the patient group 
studied. Our results and those of Longhurst and Kraus! 
demonstrate that the findings of the previous studies 
were indeed influenced by the large proportion of pa- 
tients with prior myocardial infarction. This study, for 
the first time, quantitates and compares clinical, 
treadmill and angiographic data of patients with exer- 
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FIGURE 3. Patients with a previous myocardial infarction. 
Dyspnea and fatigue refer to reasons for terminating the 
treadmill test. Chest pain refers to the development of chest 
pain whether or not it was the reason for terminating the 
test. 
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Prior MI No Prior MI 
ST sS-TÎ p S-T} S-TÎ p 
Normal-sized ventricle (%) 72 49 <0.0001 93 83 = 0.08 
Normal contractility (%) 22 9 <0.02 71 64 = 0.40 
Wall motion abnormality (%) 76 82 <0.02 29 36 = 0.65 
Aneurysm (96) 2 9 < 0.007 0 0 
LMC obstr. (96) 8 4 z 0.31 9 16 = 0.09 
Ejection fraction 
«0.40 (96) 27 47 < 0.003 4 3 = 0.70 
20.40 (96) 73 53 < 0.003 96 97 = 0.70 
Vessels with CAD (mean + SD) 2.3 + 1.0 2.3+ 0.8 = 0.52 1.8+ 1.2 2.2+ 1.0 = 0.11 


Abbreviations as in Table |. 


cise-induced S-T elevation versus those with S-T de- 
pression in groups with and without prior myocardial 
infarction. 

S-T elevation versus S-T depression induced by 
exercise: In the subgroups with no previous myocardial 
infarction, we found no differences in demographic, 
treadmill or angiographic data. In the group with S-T 
elevation, wall motion at rest was normal in two thirds, 
there were no ventricular aneurysms and coronary 
disease was not more severe than in the group with S-T 
depression. Thus, no distinguishing features could be 
found that might explain why some patients have S-T 
elevation as opposed to S- T depression in response to 
exercise. The possibility that new wall motion abnor- 
malities with exercise account for the S- T segment el- 
evation cannot be ruled out by our study; however, ra- 
dionuclide angiographic studies!^?-!? have demonstrated 
that left ventricular wall motion abnormalities during 
exercise are a common response to ischemia when the 
S-T segments are depressed and not elevated. Thus, the 
factors determining the directional changes of the S-T 
segments with exercise in these patients remain poorly 
understood. As noted in the study by Longhurst and 
Kraus!? the development of S- T segment elevation was 
associated with significant coronary artery disease in 
87 percent of patients without prior infarction, which 
is similar to the 93 percent incidence rate found in this 
study. 





Patients with a previous myocardial infarction tend 
to have a larger ventricle and poorer contractility, and 
their exercise is more often limited by fatigue or short- 
ness of breath. Comparisons within this subgroup reveal 
that those with S-T elevation are more likely to have 
more severe left ventricular dysfunction than those with 
S-T depression (that is, fewer with normal contractility, 
fewer with ejection fraction above 40 percent, and more 
with aneurysm formation). 

Role of coronary spasm: The role of coronary spasm 
in the production of exercise-induced S-T elevation 
cannot be defined from this study. A recent report!? 
found ergonovine-induced spasm in 10 of 11 patients 
with suspected or documented variant angina and ex- 
ercise-induced S-T elevation. The applicability of these 
findings to a larger group of patients without suspected 
variant angina but with exercise-induced S-T elevation 
is unknown. Although we did not routinely attempt to 
provoke spasm in our group, only one case of spasm was 
documented. 

Role of ischemia in opposite wall (reciprocal S-T 
elevation): A possible explanation for S-T segment 
elevation in the group with prior myocardial infarction 
is that ischemia in an opposite wall, which would be 
detected as S- T depression with epicardial electrodes 
on that wall, manifests itself as a reciprocal change (that 
is, S- T elevation when assessed by a surface electrode 
overlying an electrically neutral area of myocardial fi- 





TABLE IV 
Association Between Site of S-T Segment Elevation and Location of Coronary Arterial Lesions 
Prior MI No Prior MI 
2-3 2-3 
Site of S-T] Cases RCA LAD LOx LMC VD Cases RCA LAD LCx LMC VD 
Vi-3 22 14 22 15 2 18 21 12 21 8 2 13 
V4-6 17 8 16 10 0 10 5 1 2 2 0 2 
l, aVL 5 4 5 4 0 4 E 3 4 2 1 4 
aVR 1 1 1 1 0 1 5 5 3 3 3 5 
Il, Hl, aVF 10 10 9 7 1 9 1 1 1 1 0 1 
Multiple 12 9 9 6 0 9 6 4 3 2 1 3 


LAD = left anterior descending artery; LCx = left circumflex artery; LMC = left main coronary artery; MI = myocardial infarction; RCA = right 


coronary artery; 2-3 VD = 2 or 3 vessel disease. 
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brosis). However, this appears to be an untenable hy- 
pothesis because only 37 percent of patients had con- 
comitant S-T depression in the 12 lead electrocardio- 
gram. The finding of both S-T depression and S-T ele- 
vation in the same patient emphasizes that unless a full 
12 lead electrocardiogram is obtained there may be 
misclassification of patients with S-T depression in 
isolated monitoring leads who have elevation in other 
leads. The site of S-T elevation accurately predicts the 
location of certain specific coronary lesions, especially 
in leads V; to V3; all patients with this finding had sig- 
nificant left anterior descending arterial lesions whether 
or not they had a prior myocardial infarction. 
Implications: The previously reported association 
between wall motion abnormalities and exercise-in- 
duced S-T elevation appears to be a function of the 
patient group studied. In patients without a previous 
myocardial infarction, subgroups with S-T depression 


~ 


and S-T elevation do not differ with respect to ven 
tricular wall motion abnormalities at rest or the severit 
of coronary disease. The reason for the development c 
S-T elevation in a small group remains unclear an 
should be investigated. In the group with a previou 
myocardial infarction, the electrophysiologic feature 
producing S-T elevation compared with S-T depressio 
are also unknown, but S-T elevation appears to defin 
a group with a large prevalence of ventricular dysfunc 
tion. 
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The purpose of this study was to identify patient characteristics associated 
with nonfatal myocardial infarction as the first event after cardiac cath- 
eterization in medically treated patients with coronary artery disease. 
Multiple logistic risk analysis of 81 baseline characteristics in 354 patients 
who died or had nonfatal infarction identified 10 characteristics (5 clinical 
and 5 cardiac catheterization variables) as independently discriminating 
between the two events. Left ventricular function, specific coronary 
anatomy, previous myocardial infarction and age were the most important 
discriminators. Poor left ventricular function and left main coronary ste- 
nosis were associated with death. Subtotal left anterior descending and 
right coronary arterial stenosis, normal hemodynamics, absence of pre- 
vious infarction and young age were associated with nonfatal infarction. 
Thus, in any subset of patients who have a uniform risk of ischemic events 
(nonfatal infarction or death), nonfatal infarction is most likely to occur 
in those who are young, have had no previous infarction, have subtotal 
left anterior descending and right coronary arterial stenosis and normal 
hemodynamics. 


Several studies!-!° have documented the incidence of nonfatal and fatal 
myocardial infarction in patients with coronary artery disease. However, 
little is known about the factors that are specifically associated with 
nonfatal infarction. Because myocardial infarction may have a fatal or 
nonfatal outcome, the incidence of nonfatal infarction in a population 
will depend on both the incidence of ischemic events and the survival 
rate from those events. To determine which patients have nonfatal in- 
farction it is appropriate first to determine which patients experience 
ischemic events and then to identify the factors that distinguish nonfatal 
infarcts from fatal events. 

In a recent study,!! we identified coronary anatomy, progressive chest 
pain and left ventricular function as the most important predictors of 
ischemic events (nonfatal infarction and death) in 1,214 medically 
treated patients. The ratio of nonfatal to fatal events varied considerably 
across subsets defined by those predictors. Having identified the pre- 
dictors of ischemic events, we undertook this study to identify formally 
the factors associated with nonfatal infarction as opposed to death. 
Eighty-one baseline characteristics were analyzed in 354 patients who 
experienced an ischemic event to identify variables that discriminated 
between fatal and nonfatal events. The resulting discriminators were 
then applied to patients with three vessel coronary artery disease, who 
have a large incidence of ischemic events, to identify subsets of patients 
with a large incidence of nonfatal infarction. 


Methods 


Patient group and baseline data: The patient group consisted of 1,214 
symptomatic medically treated patients with significant coronary artery disease. 
The group was recently analyzed to identify independent predictors of survival? 
and total incidence of ischemic events (death or nonfatal infarction).!! The 1,214 
patients represented those treated medically among the 1,993 consecutive pa- 
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TABLE | ) 
Outcome Events in 1,214 Symptomatic Medically Treated 
Patients with Coronary Disease 








Initial Other or 
Cardiovascular Subsequent 
Event n Events n 
Nonfatal infarction 135 Cardiovascular death 36 
subsequent to 
nonfatal infarction 
Cardiovascular 219 Noncardiovascular 14 
death death 
Total 354 50 





tients who underwent cardiac catheterization at Duke Uni- 
versity Medical Center between November 1969 and January 
1978 because of recurrent chest pain and were found to have 
significant coronary artery disease. Significant coronary artery 
disease was defined as 75 percent or greater obstruction of the 
luminal diameter of one or more major coronary arteries.!? All 
data were collected prospectively and stored in a computerized 
information system.!^ The baseline characteristics analyzed 
in this study were the same 57 noninvasive clinical charac- 
teristics and 24 cardiac catheterization descriptors analyzed 
in the recent reports.!!.1? 

Follow-up: All patients were followed up 6 and 12 months 
after cardiac catheterization, and annually thereafter, by a 
staff cardiologist during a clinic visit or by a research associate 
by telephone. All patients had been followed up for at least 
12 months, and overall the follow-up data of the 1,214 patients 
were 99 percent complete. The method of collecting and ver- 
ifying information about deaths and nonfatal infarction has 
been described in detail elsewhere.!! Briefly, patients were 
asked about new hospitalizations and possible ischemic events 
at each follow-up period. A patient's physician was contacted 
for further information when a patient died or there was any 
possibility that an ischemic event had occurred. Fatal and 
nonfatal myocardial infarctions were documented by elec- 
trocardiographic and serum enzyme criteria.!! A myocardial 
infarction was considered nonfatal if the patient was dis- 
charged from hospital. 


TABLE Il 


Independent Discriminators Between Nonfatal Infarction 
and Death as Initial Events 





Adjusted 
Chi-Square 
Value* 
Left ventricular end-diastolic pressure 5.98 
Left main stenosis 5.88 
History of myocardial infarction 9.07 
Total right coronary occlusion 9.00 
Arteriovenous oxygen difference 9.33 
Total left anterior descending occlusion 5.31 
Pulse bruit 5.72 
Right bundle branch block 5.57 
Age 5.53 
Stable chest pain 4.41 


*Chi-square 23.84, p <0.05; Chi-square 76.63, p «0.01. 

The total chi-square value for all 10 variables (—2 log likelihood ratio) 
was 107.07, with p = 0.0278 when judged with 81 degrees of freedom. 
This indicates that obtaining 10 significant variables in 81 candidates 
was not a spurious finding. 
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Outcome events during the follow-up period are listed in 
Table I. Two nonfatal infarcts and two initial cardiovascular 
deaths occurred after the analysis of total events.!! Patients 
who had an initial nonfatal infarction and subsequently died 
were counted as having an initial nonfatal event. There were 
354 initial cardiovascular events consisting of 135 (38 percent) 
nonfatal infarcts and 219 (62 percent) deaths. 

Data analysis: To identify characteristics that distin- 
guished nonfatal from fatal events, we analyzed 81 baseline 
characteristics of the 354 patients who experienced an event 
with a multiple logistic risk model.!5.16 This multivariable 
analysis was performed by the same stepwise strategy that we 
have previously applied to survival analysis with the Cox re- 
gression model.!? Briefly, variables that provided the best 
discrimination between nonfatal and fatal events were suc- 
cessively included in a statistical model until no remaining 
variable contributed independent information that was sig- 
nificant at a 5 percent level. 

To establish the clinical importance of characteristics that 
were significant independent discriminators between the two 
events, we examined the proportions of nonfatal and fatal 
events related to the individual descriptors and to selected 
combinations of these descriptors. The ability of these dis- 
criminators to define subsets of patients with a large incidence 
of nonfatal infarction was examined in patients with three 
vessel coronary disease, a group that has a large incidence of 
ischemic events. 

Cumulative survival rates and event rates were calculated 
with use of life table methods" in the manner previously 
described.!! The event-free rate and its complement, the 
initial event rate, were calculated using death and nonfatal 
infarction as terminating events. The initial event rate has two 
components, initial death rate and nonfatal infarct rate.!! 


Results 


Independent Discriminators Between Nonfatal and 
Fatal Events 


Characteristics identified by multivariable analysis 
as significantly and independently discriminating be- 
tween nonfatal and fatal events are listed in order of 
selection in Table II. The interpretation of this order 
is that the best single variable for discriminating be- 
tween a fatal and nonfatal event is the first one selected. 
The next variable selected is the one that in combina- 
tion with the first forms the best pair of variables. For 
example, the best four variable combination for dis- 
tinguishing between the two events would be left ven- 
tricular end-diastolic pressure, left main coronary ste- 
nosis, history of myocardial infarction and total right 
coronary arterial occlusion. The chi-square statistics 
reported in Table II are based on the final combination 
and provide a measure of the influence of each charac- 
teristic after adjusting for all other variables selected. 

Clinical (noninvasive) characteristics: Five of the 
significant variables were clinical characteristics. His- 
tory of previous myocardial infarction was the third 
variable selected in the model whereas the other four 
clinical characteristics were the last variables selected 
in the model. Of the 194 patients with a history of 
myocardial infarction who had an ischemic event, 28 
percent had a nonfatal infarct; whereas 51 percent of the 
160 patients with no history of myocardial infarction 
had a nonfatal infarct. The relation between age and 
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FIGURE 1. Relation between age and the proportion of total ischemic 
events that were nonfatal infarcts. The figures within each bar indicate 
the ratio between the number of nonfatal infarcts and the total number 
of events (nonfatal infarcts and deaths). 


outcome is illustrated in Figure 1. In patients less than 
45 years old, 57 percent of the events that occurred were 
nonfatal, whereas in patients 55 years and older, only 
27 percent were nonfatal. Pulse bruits and right bundle 
branch block were associated with the smallest (25 
percent) and largest (67 percent) proportion of nonfatal 
events but were present in only 59 and 12, respectively, 
of the 354 patients. Stable chest pain was the least sig- 
nificant variable and only slightly improved the dis- 
crimination. 

Invasive characteristics: Coronary anatomy: The 
relation between outcome and the independently sig- 
nificant descriptors of coronary anatomy is illustrated 
in Figure 2. In patients with significant left main coro- 
nary stenosis, only 6 (11 percent) of 53 events were 
nonfatal. Patients with left main coronary stenosis were 
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FIGURE 3. Relation between left ventricular end-diastolic pressure 
(LVEDP) and the proportion of ischemic events that were nonfatal in- 
farcts. Ratios as in Figure 1. 
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FIGURE 2. Relation between specific coronary anatomy and the pro- 
portion of ischemic events that were nonfatal infarcts. The anatomic 
categories are mutually exclusive. Ratios as in Figure 1. LAD = left 
anterior descending artery; NORM = normal; RCA = right coronary 
artery; SUBT = subtotal stenosis; TOT = total occlusion. 


excluded from the other anatomic categories. In patients 
with total occlusion of both the left anterior descending 
and right coronary arteries, 9 (21 percent) of 43 events 
were nonfatal; in those with total occlusion of either of 
these arteries but not both, 47 (33 percent) of 141 events 
were nonfatal; and in those with total occlusion of nei- 


ther artery (that is, with a subtotally occluded or normal 


left anterior descending and subtotally occluded or 
normal right coronary artery), 73 (62 percent) of 117 
events were nonfatal. 

Hemodynamic function: The relations between 
outcome and left ventricular end-diastolic pressure and 
arteriovenous oxygen difference are illustrated in Fig- 
ures 3 and 4, respectively. Nonfatal infarcts were as 
frequent as death in patients with normal hemodynamic 
findings and accounted for 46 percent of ischemic events 
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FIGURE 4. Relation between arteriovenous oxygen difference (AVOD) 
and the proportion of ischemic events that were nonfatal infarcts. Ratios 
as in Figure 1. 
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FIGURE 5. Proportion of initial events that were nonfatal infarcts related 


to history of previous myocardial infarction and specific coronary 
anatomy in patients with left ventricular end-diastolic pressure of 20 


mm Hg or less and arteriovenous oxygen difference of 5.5 volumes or - 


less. Ratios as in Figure 1. Abbreviations as in Figure 2. 


in patients with a left ventricular end-diastolic pressure 
of less than 20 mm Hg and in patients with an arterio- 
venous oxygen difference of less than 5.5 volumes per- 
cent. The proportion of nonfatal infarcts decreased to 
7 percent in patients with an end-diastolic pressure of 
more than 20 mm Hg and to 18 percent in patients with 
an arteriovenous oxygen difference of more than 5.5 
volumes percent. 

Combined clinical and catheterization charac- 
teristics: The effect of the combination of history of 
previous infarction and specific coronary anatomy in 
distinguishing between outcomes in patients with nor- 
mal hemodynamic findings (left ventricular end-dia- 
stolic pressure 20 mm Hg or less and arteriovenous 
oxygen difference 5.5 volumes percent or less) is illus- 
trated in Figure 5. In patients with neither total occlu- 
sion of the left anterior descending or right coronary 
artery nor a history of previous infarction, 46 (77 per- 
cent) of 60 ischemic events were nonfatal. 
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FIGURE 6. Specific coronary anatomy and the incidence of ischemic 
events in patients with three vessel coronary artery disease and normal 
left ventricular function. At each interval, the rate of nonfatal myocardial 
infarct (MI) is represented by the difference between the initial event 
rate (IER) and the initial death rate (IDR). Pts — patients; other abbre- 
viations as in Figure 2. 


Independent Discriminators as Predictors of 
Nonfatal Infarction 


There were 521 patients with three vessel coronary 
disease in the total group of 1,214 patients. The effect 
of subgrouping these patients using the characteristics 
that distinguished nonfatal infarction from death is il- 
lustrated in Figures 6 and 7. 

Patients with normal left ventricular function: 
The 3 year rate of ischemic events in 137 patients with 
three vessel disease and normal left ventricular function 
was 22 percent. When these patients were subgrouped 
into patients with subtotal stenosis of the left anterior 
descending and right coronary arteries and patients 
with total stenosis of either or both of these arteries, the 
3 year rates for total ischemic events were similar: 21 
and 24 percent, respectively (Fig. 6). However, in the 
patients with subtotal stenosis, 71 percent of the initial 
events were nonfatal infarcts and the 3 year nonfatal 
infarct rate was 15 percent; in contrast, among patients 
with total stenosis, only 42 percent of the initial events 
were nonfatal infarcts and the 3 year nonfatal infarct 
rate was 10 percent. 

When the patients with three vessel disease, normal 
left ventricular function and subtotal stenosis of the left 
anterior descending and right coronary arteries were 
further subgrouped into those who had no previous in- 
farction and were also aged less than 55 years, there were 


. 82 patients with a 3 year total ischemic event rate of 25 


percent. Eighty-four percent of the events were nonfatal 
infarcts and the 3 year nonfatal infarct rate was 21 
percent. 

Patients with impaired left ventricular function: 
The 3 year ischemic event rate in 383 patients with three 
vessel disease and moderately impaired left ventricular 
function was 34 percent. When these patients were 
classified into those with subtotal stenosis of the left 
anterior descending and right coronary arteries and 
those with total stenosis of these vessels, the 3 year 
ischemic event rates were 36 and 33 percent, respec- 
tively (Fig. 7). Again, despite similar event rates, the 
nonfatal infarct rates varied with specific coronary 


50 


LAD-TOT AND RCA-TOT 


LAD-SUBT AND RCA-SUBT 
72 Pts 


N ^ > 
o o eo 


CUMULATIVE RATE (%) 


o 





YEARS 


FIGURE 7. Specific coronary anatomy and the incidence of initial 
ischemic events in patients with three vessel coronary artery disease 
and moderately impaired left ventricular function. Abbreviations as in 
Figure 6. 
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anatomy. Thus, in patients with subtotal stenosis, 70 
percent of initial events were nonfatal infarcts and the 
3 year nonfatal infarct rate was 24 percent; whereas in 
patients with total stenosis, 18 percent of the initial 
events were nonfatal infarcts and the 3 year nonfatal 
infarct rate was only 6 percent. 

Patients with three vessel disease, moderate left 
ventricular dysfunction and subtotal left anterior de- 
scending and right coronary arterial stenosis could not 
be subgrouped according to age and previous infarction. 
However, in 30 patients with no history of previous in- 
farction, the 2 year rate of nonfatal infarcts was 35 
percent without taking age into account. 


Discussion 


This study confirms that ischemic events in patients 
with left main coronary arterial stenosis or severely 
impaired left ventricular function are predominantly 
fatal. In the absence of these characteristics, age, history 
of previous myocardial infarction and the specific 
anatomy of the left anterior descending and right cor- 
onary arteries appear to be the most important factors 
for distinguishing nonfatal from fatal events. 

Age: Other studies?!? have identified age as an im- 
portant predictor of outcome in coronary artery disease. 
We have not found age to be an independent predictor 
of either survival!? or ischemic events!! when other 
important characteristics such as the cardiac cathe- 
terization findings are taken into account. This study 
indicates that although age may not influence the 
overall incidence of ischemic events, within a subset that 
has a uniform rate of ischemic events, younger patients 
tend to have a nonfatal infarction whereas older patients 
tend to die. 

Previous myocardial infarction: An association 
between previous myocardial infarction and subsequent 
fatal events is also well established.!?.2? This association 
may be due to an increased propensity to arrhythmic 
death after myocardial infarction.?L22 

Coronary anatomy, previous myocardial in- 
farction and left ventricular function: In the 1,214 
medically treated patients, coronary anatomy, previous 
myocardial infarction and left ventricular function were 
closely associated. Of those with abnormal left ven- 
tricular function, 78 percent had historical or electro- 
cardiographic evidence, or both, of previous infarction, 
whereas of those with total occlusion of the left anterior 
descending and right coronary arteries, 87 percent had 
abnormal left ventricular function. In contrast, only 49 
percent of patients with subtotal stenosis of these ar- 
teries had abnormal ventricular function. Despite these 


associations, the fact that the descriptors of coronary 
anatomy and previous infarction were significant in the 


“multivariable analysis indicates that they contributed 


independent discriminatory information over and above 


their association with left ventricular function. Thus, 


coronary anatomy and history of previous infarction 
distinguished between nonfatal and fatal events in 
subgroups of patients homogeneous with respect to left 
ventricular function. 

Left ventricular ejection fraction, an important 
prognostic factor in coronary artery disease,!9??:7* was 
not analyzed in this study because it was not measured 
in all patients. Several variables reflecting left ven- 
tricular function emerged as significant discriminators 
between nonfatal infarction and death. It is likely that 
left ventricular ejection fraction is also important for 
distinguishing between the two outcomes. 

Exercise test results predict both survival?? and total 
ischemic events.26 Whether exercise testing can dis- 
tinguish between nonfatal and fatal events was not 
addressed in our study because not all patients under- 
went such testing. The answer will depend on future 
studies. 

Nonfatal versus fatal ischemic events: The results 
of the multiple logistic risk analysis indicate that within 
any group of patients with a uniform risk of ischemic 
events, the patients who are young, have not experi- 
enced a previous infarct and have subtotal left anterior 
descending and right coronary arterial stenosis are most 
likely to have a nonfatal infarction. In contrast, older 
patients with previous infarction who have total left 
anterior descending and right coronary arterial stenosis 
and poor left ventricular function are most likely to 
die. 

If the variables that predict ischemic events!! are 
combined with the variables that distinguish between 
nonfatal and fatal events, patients with a high risk of 
nonfatal infarction can be identified. The incidence of 
total ischemic events increases with worsening coronary 
anatomy and left ventricular function. Patients with left 
main coronary stenosis or severely impaired left ven- 


tricular function have predominantly fatal events. 


Therefore, patients with three vessel disease who have 
normal or only moderately impaired left ventricular 
function are most likely to have a nonfatal infarction. 
When our patients were further categorized according 
to the characteristics that distinguished nonfatal in- 
farction from fatal events, the overall incidence of 


ischemic events did not change, but the proportion of 


events represented by nonfatal infarction and the rate 
of nonfatal infarction increased. 
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Platelet prostaglandin generation (malondialdehyde production) and 
platelet sensitivity to prostacyclin (a vasodilator and platelet aggregation 
inhibitor) and to epoxymethanodienoic acid (EMA) (a vasoconstrictor 
and platelet aggregation stimulant endoperoxide analog) were siudied 
in patients with angina pectoris and in control subjects. Platelet malon- 
dialdehyde production was higher in patients than in control subjects 
(mean + standard error of the mean 2.50 + 0.30 versus 1.70 + 0.13 
nmol/10? platelets, p <0.02). Platelets from patients were significantly 
less sensitive to prostacyclin’s antiaggregatory effects than were those 
from control subjects (amount of prostacyclin required for 50 percent 
platelet aggregation inhibition 1.90 + 0.35 versus 0.68 + 0.05 ng, p 
<0.02). Furthermore, less EMA was required to induce 50 percent platelet 
aggregation in patients with angina pectoris than in the normal subjects 
(133 + 8 versus 194 + 16 ng, p <0.001). These observations suggest that 
increased platelet prostaglandin generation and abnormal platelet sen- 
sitivity to prostacyclin and endoperoxide analog in certain patients with 
coronary artery disease are important potential mechanisms in the 
pathogenesis of myocardial ischemia. 


The syndrome of angina pectoris results from an imbalance between 
myocardial oxygen demand and supply. Mechanisms such as coronary 
arterial spasm!-? and excessive adrenergic activity have been implicated 
in the initiation of myocardial ischemia. Recently, several investigators*° 
have suggested that abnormalities of platelet function may be related 
to genesis or extension, or both, of myocardial ischemia and infarction. 
Increased in vivo platelet aggregate formation may occlude the coronary 
arteries? and impede blood flow, resulting in decreased oxygen supply, 
while oxygen demand is unaltered. In states of health, products of ara- 
chidonic acid metabolism, thromboxane: A» (a vasoconstrictor) and 
prostacyclin (a vasodilator), derived through the prostaglandin endo- 
peroxide, balance each other's vascular effects.’-!! In addition, the 
platelet proaggregatory effects of thromboxane A», generated by 
platelets, are counteracted by the antiaggregatory effects of prostacyclin 
produced by the vessel wall. 

An excessive production of platelet prostaglandins may be expected 
to produce tissue ischemia by causing vasocontriction and in vivo platelet 
aggregate formation. Likewise, a decrease in platelet sensitivity to 
prostacyclin or an increase in sensitivity to thromboxane Ag, or both, 
may be pathogenic in myocardial ischemia in patients with coronary 
artery disease. We studied patients with a history of angina pectoris and 
normal subjects with respect to platelet prostaglandin synthesis and 
platelet sensitivity to prostacyclin and an endoperoxide analog in order 
to examine possible mechanisms in the pathogenesis of myocardial 
ischemia. 
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Methods 


Study subjects: Twenty-two patients aged 44 to 71 years 
(mean 55) with a history of angina pectoris were studied. All 
had historical and electrocardiographic evidence of myocardial 
ischemia. All had been hospitalized for chest pain and were 
at bed rest in the coronary care unit and had abstained from 
smoking for at least 6 hours (six were habitual smokers). Ten 
of these patients (group A) were studied during a spontaneous 
episode of angina pectoris; the remaining 12 patients (group 
B) had their last episode of chest pain 2 to 24 hours before 
collection of blood for platelet studies. Frequency and severity 
of chest pain were similar in both groups. Significant coronary 
arterial luminal narrowing (more than 50 percent) was present 
in the 18 patients who later underwent coronary angiography. 
Two patients had coronary spasm in atherosclerotic vessels 
(Table I). No patient had diabetes mellitus. 

Fourteen normal subjects (aged 34 to 70 years) without a 
history of clinical coronary artery disease served as the control 
group. No patient or normal subject had taken aspirin or any 
other platelet-active drug for 10 days before the study. No 
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normal subject had smoked in the preceding 6 hours (four 
were habitual smokers). 


Platelet Studies 


Blood was collected from the patients and control subjects 
at rest in the postabsorptive state. In seven patients, studies 
were repeated 24 to 72 hours later when the chest pain had 
stabilized. 

Platelet malondialdehyde generation: Malondialdehyde 
was measured with the method of Smith et al.!? and Stuart 
et al.!? Blood was collected in buffered citrate anticoagulant 
(9:1 by volume). The platelet button, obtained by centrifu- 
gation at 600 g for 15 minutes, was incubated for 60 minutes 
at 37° C in a water bath as a 2.0 ml suspension containing 
phosphate-buffered saline solution and n-ethylmaleimide. 
After 60 minutes, the reaction was terminated by addition of 
2.0 ml of 2.3 percent perchloric acid containing 0.53 percent 
2-thiobarbituric acid. After agitation in a vortex mixer, the 
solution was heated for 15 minutes in a boiling water bath. The 
mixture was then cooled to room temperature and centrifuged, 
and the optical density of the supernatant pink chromogen 


Extent of Coronary Artery Disease and Platelet Function in 22 Patients 
PGI» for 50% 
Aggregation EMA for 50% 
Age Malondialdehyde Inhibition Aggregation 
Case (yr) CAD (nmol/10° platelets) (ng) (ng) Comments 
a Mr ÁN P lhe 
Group A Patients 
tet a a a a a aas Laa o a 
1 54 3VD -= 1.60 130 -— 
2 52 3VD 1.53 3.00 113 Repeated test: 
PGI» 2.5, EMA 230 
3 53 3VD 2.47 2.25 — — 
4 52 3VD 1.55 2.25 — -— 
5 71 1VD 3.00 5.00 94 Repeated test: 
PGlp 4.5, EMA 120 
6 63 1VD 2.15 1.30 168 Repeated test: 
PGI» 0.55 
Patient had LAD spasm 
7 59 3VD — 7.30 — — 
8 57 — — 2.20 123 — 
9 55 3VD 2.15 1.15 111 Repeated test: 
PGI> 1.15, EMA 112 
10 46 2VD 5.14 3.50 180 Repeated test: 
PGI? 3.5, EMA 190 
Mean 56 2.4VD 2.57 2.96 131 
+ SEM 
2 0.3 0.47 0.60 12 
e—a eme e 
Group B Patients 
— MM Ó— HÀ € eee aa a ER e 
11 44 1VD — 0.60 75 RCA spasm 
12 53 — 0.97 0.65 160 — 
13 55 3VD — 0.88 113 
14 70 3VD — 0.55 140 -— 
15 57 3VD — 0.88 — — 
16 57 — 1.41 1.00 — — 
17 60 3VD 3.67 1.00 122 Repeated test: 
unchanged 
18 46 2VD 3.51 1.20 171 Repeated test: PGI, 1.07 
19 58 3VD 2.22 2.20 — — 
20 57 2VD 2.13 1.15 162 -— 
21 53 — — 1.00 156 — 
22 48 2VD 3.18 1.20 117 — 
Mean 55 2.4 2.44 1.03 135 
+ SEM 2 0.2 0.40 0.12 10 
(Group A + B) 55 2.4 2.51 1.90 133 
+ SEM 1 0.2 0.30 0.30 8 


CAD = cor 


artery disease (greater than 50 percent luminal narrowi 


ng) (1, 2, 3VD indicates 1, 2 or 3 vessel disease); EMA — cyclic endoperoxide 


onary 
analog; LAD = left anterior descending coronary artery; PGI, = prostacyclin; RCA = right coronary artery; SEM = standard error of the mean; — 


= procedure not done. 
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as the aggregation-stimulating agent. Tris 100 
buffer alone did not affect platelet aggre- 
gation. Platelets from the patient with an- 
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was read at 532 u in a spectrophotometer. Malondialdehyde 
generation was expressed as nmol/10? platelets. 

Sensitivity of platelets to prostacyclin: Platelet-rich 
plasma was obtained by centrifugation at 150 g for 8 minutes. 
'The remaining blood was centrifuged at 5,000 g for 30 minutes 
to obtain platelet-poor plasma. Platelet counts in platelet-rich 
plasma were adjusted to 300,000 to 400,000/mm? by adding 
platelet-poor plasma. Platelet aggregation in response to ad- 
dition of adenosine diphosphate (ADP) 20 umol (0.05 ml) to 
0.40 ml platelet-rich plasma and 0.05 ml Tris buffer was de- 
termined with measurement of light transmission in a Biodata 
aggregometer. ADP was kept as stock solution and diluted at 
the time of testing. Prostacyclin obtained as the sodium salt 
(Upjohn Co., Kalamazoo, Michigan) was diluted in freshly 
prepared Tris buffer to achieve different concentrations and 
stored at 0? C. Platelet-rich plasma (0.40 ml) and 0.05 ml of 
prostacyclin solution (final amounts 0.1 to 10.0 ng) were in- 
cubated at 37°C for 5 minutes in Siliconized cuvettes and 
constantly stirred before the addition of 20 uM of ADP. Dif- 
ferent prostacyclin concentrations were used until the con- 
centration that inhibited control platelet aggregation by 50 
percent was obtained (Fig. 1). 

Sensitivity of platelets to endoperoxide analog (EMA): 
(15 S)-hydroxy lla, 9a-(epoxymethano) prosta-5Z, 
13E-dienoic acid (EMA) (U-46619) (Upjohn Co., Kalamazoo, 
Michigan) was used to evaluate platelet sensitivity to its 
proaggregatory actions. EMA, a stable synthetic analog with 
biologic activities similar to those of prostaglandin endo- 
peroxide and thromboxane A5,!* was dissolved in normal sa- 
line solution to achieve different concentrations and stored 
at room temperature. Platelet-rich and platelet-poor plasma 


SALINE 







was obtained as described; 0.05 ml of EMA solution was added 
to 0.45 ml platelet-rich plasma to determine the minimal 
concentration that produced 50 percent platelet aggregation 
(Fig. 2). 

Data analysis: All data are expressed as mean + standard 
error of the mean. Comparisons between patients with angina 
pectoris and control subjects were made using Student's t test 
for unpaired data. A probability (p) value of less than 0.05 was 
considered statistically significant. 


Results 


The data on patients, extent of coronary disease and 
platelet function are shown in Table I and Figure 3. 

Platelet malondialdehyde generation: In control 
subjects, malondialdehyde production ranged from 0.72 
to 2.17 nmol/10? platelets (mean 1.70 + 0.13). In pa- 
tients with angina pectoris as a group, malondialdehyde 
levels ranged from 0.97 to 5.14 nmol/10? platelets (mean 
2.51 + 0.30). This difference in malondialdehyde gen- 
eration between normal subjects and patients with an- 
gina pectoris was significant (p <0.01). In group A pa- 
tients, the levels were similar to those of group B pa- 
tients (2.57 + 0.47 versus 2.44 + 0.40 nmol/10? platelets, 
p 70.10). 

Sensitivity of platelets to prostacyclin: In control 
subjects, the amount of prostacyclin required to inhibit 
ADP-induced platelet aggregation by 50 percent ranged 
from 0.45 to 1.00 ng (mean 0.68 + 0.05). Significantly 
larger amounts (range 0.55 to 7.3 ng, mean 1.90 + 0.35 


EMA 130 ng ( SALINE 


zn 20 
= EMA 156 
= 40 j 40 EMA 94 ng 
= 60 EMA 190ng 60 
FIGURE 2. Platelet sensitivity to pro- = 
aggregatory actions of epoxymethanodi- = 80 80 EMA 113 ng 
enoic acid (EMA) (endoperoxide analog) in - 
a normal subject (left) and in a patient with 100 100 PAL 
severe angina pectoris (right). Platelets ki 
from the patient with angina pectoris re- [IW HLON Sa nee TANT WP Rm ee 
quired 94 ng of EMA compared with 160 ng Min. 0 ] 2 3 0 ] 2 3 
in the normal subject (same subjects as in : i ; à : 
Figure 1). Normal Subject Patient with Angina Pectoris 
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ng, p <0.01) were required for similar degrees of inhi- 
bition in patients with angina pectoris. All but five pa- 
tients with angina pectoris required 1.0 ng or more of 
prostacyclin for similar inhibition, whereas all but one 
of the control subjects required less than 1.0 ng of 
prostacyclin. There was no significant correlation be- 
tween the extent of coronary artery disease and the 
platelet sensitivity to prostacyclin, but significantly 
more prostacyclin was required for platelet aggregation 
inhibition in group A patients, who were experiencing 
angina pectoris, than in group B patients, who had an- 
gina several hours earlier (2.96 + 0.60 versus 1.03 + 0.12 
ng, p <0.005). On a repeated test of platelet sensitivity 
to prostacyclin in five group A patients, less prostacyclin 
was required in three for similar degree of aggregation 
inhibition and similar amounts as during the anginal 
attack in the other two. In one of two group B patients 
with a repeated test, slightly less prostacyclin was re- 
quired and in the other the same amount was required 
as in the first test. 

Sensitivity of platelets to EMA: In control subjects, 
90 percent platelet aggregation was observed with the 
addition of 125 to 285 ng (mean 194 + 16) epoxy- 
methanodienoic acid (EMA). In patients with angina 
pectoris as a group, significantly less (p «0.001) EMA 
(range 75 to 180 ng, mean 133 + 8) was required for a 
similar degree of aggregation. In group A patients, 
platelet sensitivity to EMA was similar to that in group 
B patients (131 + 12 versus 135 + 10 ng, p <0.10). On 
a repeat test in four group A patients, all showed a re- 
duction in enhanced platelet sensitivity to EMA. 


Discussion 


Platelets, prostaglandins and coronary artery 
disease: Although increased platelet aggregation has 
been demonstrated in patients with coronary artery 
disease^6.14-16 the mechanisms involved are not clear. 
The results of this study indicate that platelet prosta- 
glandin generation is significantly greater in patients 
with angina pectoris than in normal subjects. In addi- 
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FIGURE 3. Platelet malondialdehyde gen- 
eration (left panel), amount of prostacyclin 
for 50 percent platelet aggregation inhibi- 
tion (middle panel) and amount of epoxy- 
methanodienoic acid (EMA) for 50 percent 
platelet aggregation (right panel) in normal 
Subjects and in patients with coronary heart 
disease (CHD) and angina pectoris. Group 
A patients are shown in open squares and 
group B in closed circles. 


CHD 
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tion, in certain patients with ischemic heart disease, 
platelet sensitivity to proaggregatory effects of endo- 
peroxide analog is increased, and that to antiaggregatory 
effects of prostacyclin is significantly diminished. 

Platelet prostaglandin generation: This was 
evaluated by measuring malondialdehyde, which is an 
end product of metabolism of several prostaglandins 
including thromboxane A».1?/3 We found significantly 
increased malondialdehyde generation in patients with 
angina pectoris as a group than in normal subjects. 
However, there was no consistent relation between 
malondialdehyde levels and extent of coronary disease 
and time elapsed from the episode of angina pectoris 
before the blood sample was collected. Some patients 
whose blood was collected during an acute anginal ep- 
isode had high malondialdehyde levels, whereas others 
had normal levels. These results are similar to those of 
Lewy et al.,!” who measured the thromboxane A» deg- 
radation product, thromboxane B», in patients with 
coronary artery disease and found elevated thrombox- 
ane B; levels during pacing-induced ischemia. In an- 
other study,!^ augmented rates of conversion of ara- 
chidonic acid to thromboxane As were demonstrated in 
certain patients with myocardial infarction. Increased 
platelet prostaglandin production in certain patients 
could account for enhanced platelet aggregation and 
vasoconstriction, which would be expected to limit 
blood flow in atherosclerotic coronary arteries. Although 
the mechanisms involved in increased production of 
platelet prostaglandins are not known, it has been 
shown that atherosclerotic and injured endothelium 
generates reduced amounts of prostacyclin.18-29 This 
disturbed state of balance between vascular prostacyclin 
synthesis and platelet prostaglandin production may 
be related to vasoconstriction and enhanced platelet 
aggregation, resulting in the syndrome of myocardial 
ischemia in certain patients. 

Platelet sensitivity to prostacyclin: Prostacyclin 
at concentrations of approximately 1.0 ng/ml effectively 
inhibits human platelet aggregation induced in vitro by 
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most agents.?! In our studies in normal subjects, pros- 
tacyclin in similar amounts inhibited ADP-induced 
platelet aggregation. However, in patients with ischemic 
heart disease significantly higher amounts of prosta- 
cyclin were required for a similar degree of inhibition 
of platelet aggregation. Platelets from patients whose 
blood was collected during episodes of angina pectoris 
had significantly lower sensitivity to prostacyclin 
compared with other patients who had chest pain sev- 
eral hours earlier. Whether platelets become acutely less 
sensitive to prostacyclin before or during an episode of 
chest pain is not known. In five patients we repeated 
testing of sensitivity to prostacyclin several hours after 
the acute episode of angina pectoris. Although slightly 
smaller amounts of prostacyclin were required for in- 
hibition of platelet aggregation in three of the five pa- 
tients, platelet sensitivity to prostacyclin was still found 
to be greatly diminished compared with sensitivity in 
control subjects. It is also possible that certain metabolic 
products of ischemia render platelets acutely less sen- 
sitive to actions of prostacyclin. 

Lack of correlation between extent of coronary dis- 
ease and platelet sensitivity to prostacyclin (Table I) 
suggests that the presence of atherosclerosis alters 
platelets. Reduced sensitivity of platelets to prostacyclin 
coupled with diminished prostacyclin generation by 
atherosclerotic vessels!9-?? may be expected to lead to 
intravascular platelet thrombus formation and impede 
blood flow. An acute alteration in platelet sensitivity to 
prostacyclin by some as yet unkown cause may be a 
mechanism for the acute episode of angina pectoris. 

Platelet sensitivity to endoperoxide analog: In- 
creased sensitivity of platelets from patients with cor- 
onary artery disease to the proaggregatory actions of 
vasoconstrictor prostaglandin as observed in our study 
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may be detrimental, because smaller quantities of 
thromboxane Ag may be adequate for platelet thrombus 
formation and vasoconstriction, resulting in the syn- 
drome of angina pectoris. These studies support the 
observations of Szczeklik et al.,!4 who demonstrated 
that less endogenous thromboxane Ag is required to 
induce aggregation in patients with angina pectoris than 
in control subjects. This increase in platelet sensitivity 
to vasoconstrictor prostaglandin in the presence of ev- 
idence for increased platelet prostaglandin generation 
could be an important mechanism in the pathogenesis 
of myocardial ischemia. 

Pathophysiologic implications: Similar alterations 
in prostaglandin generation and platelet sensitivity to 
platelet-active prostaglandins may be responsible for 
the syndromes of variant angina pectoris (coronary ar- 
terial spasm)!-? and myocardial ischemia with normal 
coronary arteries.22 Indeed, in a preliminary study, 
Lewy et al.2? demonstrated elevated thromboxane B2 
activity in patients with coronary arterial spasm. Al- 
though no studies on platelet function in subjects with 
normal coronary arteries and myocardial ischemia are 
available, the possibility of transient luminal obstruc- 
tion by platelet plugs has been suggested.* Our obser- 
vations of enhanced prostaglandin generation by 
platelets and abnormal platelet sensitivity to prosta- 
cyclin and endoperoxide analog in patients with angina 
pectoris may have important pathophysiologic impli- 
cations. 
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Fifty-two patients resuscitated from cardiac arrest underwent electro- 
physiologic studies. The earliest documented arrhythmia at the time of 
initial or recurrent (18 patients) cardiac arrest was ventricular fibrillation 
(30 patients) or ventricular tachycardia (20 patients); in 2 patients no 
arrhythmia was documented before defibrillation. Programmed ventricular 
stimulation revealed inducible arrhythmias in 33 patients (63 percent). 
Of the 30 patients with ventricular fibrillation as the initial arrhythmia, 13 
had inducible arrhythmias—ventricular fibrillation (4 patients), sustained 
ventricular tachycardia (6 patients) and nonsustained ventricular 
tachycardia (3 patients). In the 20 patients with ventricular tachycardia 
as the initial arrhythmia, sustained ventricular tachycardia was initiated 
in 17 patients and torsade de pointes in 1. Patients with inducible ar- 
rhythmias had longer mean A-H and H-V intervals than those without in- 
ducible arrhythmias (91.1 versus 76.6 ms and 62.5 versus 50.3 ms, re- 
spectively). Prolonged H-V intervals (17 of 33) and intraventricular 
conduction defects (18 of 33) were more common in patients with than 
in those without inducible arrhythmias (4 of 19 and 7 of 19, respectively). 
Mean cardiac index was lower (2.4 versus 3.9 liters/min per m2), left 
ventricular end-diastolic pressure higher (17.0 versus 9.4 mm Hg), and 
ejection fraction lower (36.1 versus 57.2 percent) in the group with in- 
ducible arrhythmias than in those in whom no arrhythmia could be in- 
duced. These data suggest that (1) ventricular tachycardia often pre- 
cipitates cardiac arrest; and (2) electrophysiologic testing may provide 
data on which to base therapy in patients resuscitated from cardiac ar- 
rest. 


Cardiac arrest is usually secondary to ventricular tachycardia or fibril- 
lation.!-9 Although most of these arrhythmias are presumed to be sec- 
ondary to ischemia with or without infarction, they can occur in patients 
without any cardiac disease.?? Thus, acute ischemia cannot explain all 
such events. Moreover, no arrhythmia appears to be a specific predictor 
of sudden death. As a result, empiric antiarrhythmic therapy directed 
toward suppressing nonspecific arrhythmic markers has not proved 
successful in preventing recurrent cardiac arrest.?5-19 This study was 
undertaken: (1) to evaluate the hemodynamic and electrophysiologic 
characteristics of patients resuscitated from cardiac arrest secondary 
to ventricular tachycardia or fibrillation, or both; and (2) to determine 
whether a potentially lethal electrophysiologic milieu could be recog- 
nized, thus providing the physician with a marker toward which phar- 
macologic or surgical therapy, or both, might be aimed. 


Methods 


Study patients: Electrophysiologic studies were performed in 52 patients 
who were resuscitated from cardiac arrest. In 32 instances the initial hospitali- 
zation was at the Hospital of the University of Pennsylvania. The remaining 20 
patients were initially hospitalized elsewhere and were subsequently referred 
to this hospital. 
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To enter the study patients were required to (1) have no 
acute myocardial infarction in the immediate postarrest pe- 
riod, (2) be in hemodynamically and electrophysiologically 
stable condition for at least 48 hours, and (3) give informed 
written consent. There were 40 men and 12 women ranging 
in age from 21 to 75 years (‘Table I). Organic heart disease was 
clinically present in 47 patients, coronary artery disease being 
most frequent (37 patients). Five patients had no prior history 
of cardiac disease. 

All patients were admitted to a coronary intensive care unit 
for 2 to 5 days after resuscitation to rule out myocardial in- 
farction and begin therapy. Myocardial infarction was defined 
by two of the following: (1) new diagnostic Q waves, (2) arise 
of 150 percent in serum cardiac enzymes, or (3) a history of 
prolonged chest pain with persistent (longer than 72 hours) 
T wave inversions. In addition to constant monitoring in the 
intensive care unit, all 32 patients initially admitted to the 
Hospital of the University of Pennsylvania were maintained 
on computerized telemetry for 24 to 48 hours and all 52 pa- 
tients underwent at least one 24 hour electrocardiographic 
Holter monitoring before the electrophysiology study. 

Features of cardiac arrest: The initial cardiac arrest oc- 
curred outside the hospital in 42 patients and in the hospital 
in 10 patients. All 10 in-hospital cardiac arrests were sudden 
and unexpected in patients who were in clinically stable 
condition. Four occurred 14 to 21 days after uncomplicated 
myocardial infarction in the absence of any precipitating 
factor (exercise or angina, for example). There was no evidence 
of recurrence or extension of infarction in any of these pa- 
tients. The onset of 6 of the 10 in-hospital cardiac arrests was 
monitored and revealed ventricular tachycardia in 3 patients 
and ventricular fibrillation in 3. The remaining patients had 
ventricular fibrillation at the time of resuscitation, which was 
within 3 minutes of cardiovascular collapse. 





TABLE | 


Clinical Cardiac Diagnosis in 52 Patients With 
Cardiac Arrest 





Coronary artery disease 37 
Myocardial infarction 29 

Cardiomyopathy 

Mitral valve prolapse 

Coronary arterial spasm 

Valvular heart disease 

Hypertensive cardiovascular disease 

No heart disease 

Total 
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The arrhythmia recorded at the time of initial resuscita- 
tion was ventricular fibrillation in 44 patients and ventricular 
tachycardia in 6 patients; and in 2 it was not documented 
before cardioversion. Eighteen patients whose initial cardiac 
arrest occurred outside the hospital had a new cardiac arrest 
in the hospital where onset was electrocardiographically 
monitored. The new arrest occurred 5 to 52 days after stabi- 
lization after the initial episode. The rhythm at the onset of 
the monitored arrest was ventricular fibrillation in 4 patients 
(Fig. 1) and ventricular tachycardia with or without degen- 
eration to ventricular fibrillation in 14 (Fig. 2 and 3). Two of 
the monitored cardiac arrests were clearly precipitated by 
drugs—one by disopyramide (Fig. 1) and one by procain- 
amide. No drug, drug interaction or electrolyte imbalance 
could be implicated in the remaining patients. Overall, the 
earliest rhythm disturbance noted during the initial or re- 
current cardiac arrest was ventricular fibrillation in 30 pa- 
tients and ventricular tachycardia in 20 patients (Table II). 
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FIGURE 1. Recurrent cardiac arrest due to ventricular fibrillation. Ventricular fibrillation is initiated by four ventricular premature depolarizations 
with long interectopic intevals. This recording was obtained from a modified V, lead during telemetry. 
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FIGURE 2. Cardiac arrest due to ventricular tachycardia degenerating into ventricular fibrillation. A modified lead | was recorded in the coronary 
care unit. Cardiac arrest is initiated by an episode of sustained ventricular tachycardia at a rate of 170/min (top panel), that degenerates to ventricular 
fibrillation (middle panel). Electrical defibrillation results in sinus rhythm (bottom panel). Note the presence of an intraventricular conduction defect 


during sinus rhythm. 


Electrophysiologic studies: All patients underwent 
electrophysiologic studies 5 to 60 days after cardiac arrest. All 
antiarrhythmic agents were discontinued 24 to 48 hours before 
the study. Two to four electrode catheters were passed per- 
cutaneously into the right or left, or both, femoral veins or into 
the antecubital fossa, or both areas, and positioned at the high 
right atrium, His bundle recording site and right ventricular 
apex. An additional catheter was placed in the coronary sinus 
in 36 patients. Sinus node function, atrioventricular condition 
times and response to ventricular stimulation were tested. Our 
ventricular stimulation protocol had previously been re- 
ported"! and in all patients consisted of the delivery of one or 
two ventricular extrastimuli during sinus rhythm or paced 
ventricular rhythm from the right ventricular apex. The 
coupling intervals of the stimuli were decreased until both 
encountered ventricular refractoriness. Rapid ventricular 
pacing at cycle lengths of 400 to 250 ms was also performed 
for 10 to 60 seconds. In 22 patients right ventricular stimula- 
tion failed to initiate a sustained ventricular tachyarrhythmia, 
and in each left ventricular stimulation was used. The stim- 
ulation protocol from the left ventricle was the same as that 
from the right. The intracardiac electrograms were displayed 
simultaneously with two to three surface electrocardiographic 
leads on a multichannel oscilloscope (Electronics for Medicine 
DR16 or VR16) and stored on magnetic tape (Honeywell 
5600C) for subsequent retrieval. All equipment was isolated 
from the patients and leakage current was minimal, ranging 
from 2 to 6 uamperes. 


Results 


Clinical and electrocardiographic findings: 
Twenty-eight patients gave a history of myocardial in- 
farction before cardiac arrest. In four patients cardiac 
arrest occurred 2 to 3 weeks after acute myocardial in- 
farction and in 24 patients more than 2 months after 
infarction. The electrocardiographic findings on ad- 
mission revealed myocardial infarction in 21 patients; 
the infarction was anterior in 15. Intraventricular con- 
duction defects, present in 25 patients (48 percent), 
included right bundle branch block in 8, left bundle 
branch block in 10, nonspecific intraventricular con- 
duction defect in 5 and left anterior hemiblock in 2 pa- 
tients. All but one patient with an intraventricular 
conduction disturbance had known cardiac disease. 

During the 24 to 48 hours after the initial cardiac 
arrest, almost all patients manifested some ventricular 
arrhythmia in the coronary care unit. Complex ar- 
rhythmias (ventricular premature depolarizations with 
a frequency greater than 300/h, couplets or triplets av- 
eraging more than 10/h, or ventricular tachycardia) were 
documented in 18 patients, noncomplex ventricular 
arrhythmias in 30 patients, and no ventricular ar- 
rhythmias in 4 patients. Complex ventricular arrhyth- 
mias were observed in 7 of the 18 patients with a re- 





FIGURE 3. Cardiac arrest initiated by rapid sustained ventricular tachycardia. The tracing is from a modified V5 lead during telemetry. A rapid ventricular 
tachycardia (cycle length 240 ms) is initiated with a ventricular premature depolarization occurring after the T wave (coupling interval 400 ms). 
This resulted in a cardiac arrest during which the rhythm remained ventricular tachycardia. 
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current cardiac arrest and in 11 of 34 without a recur- 
rence (difference not significant). Intraventricular 
conduction disturbances were observed in 10 (71 per- 
cent) of 14 patients with recurrent cardiac arrest ini- 
tiated by ventricular tachycardia and in none of the 4 
patients whose recurrent arrest was due to primary 
ventricular fibrillation. 

Electrophysiologic studies: The results of ven- 
tricular stimulation depended on the mechanism of 
cardiac arrest (Fig. 4). In 30 patients the earliest ar- 
rhythmia recorded at the time of initial or recurrent 
cardiac arrest was ventricular fibrillation. In this group 
of patients programmed stimulation initiated ventric- 
ular tachyarrhythmias in only 13 patients. In four pa- 
tients ventricular fibrillation was induced, in five pa- 
tients ventricular tachycardia degenerating into ven- 
tricular fibrillation was induced, in one patient sus- 
tained ventricular tachycardia was induced, and in three 
patients nonsustained ventricular tachycardia was in- 
duced. Among the remaining 17 patients a single re- 
petitive ventricular response was noted in 5 and no re- 
petitive response in 12. 

In 20 patients ventricular tachycardia with or without 
degeneration into ventricular fibrillation was docu- 
mented as the mechanism of the tachycardia. In 17 (85 
percent) of these patients sustained ventricular tachy- 
cardia was induced, and in 2 of the 17 it degenerated 
into ventricular fibrillation. In one patient a polymor- 
phic ventricular tachycardia typical of torsade de 
pointes was induced. Therefore, in 18 (90 percent) of 20 
of the patients with ventricular tachycardia as the ini- 
tiating mechanism for cardiac arrest, a ventricular 
tachyarrhythmia could be induced by programmed 
stimulation. Five patients with induced sustained 
ventricular tachycardia required cardioversion because 
of acute hemodynamic deterioration, whereas in the 


LABORATORY INDUCED 
ARRHYTHMIA 


PATIENTS 





VF VT 
ARRHYTHMIA DOCUMENTED 
AT ONSET OF CARDIAC ARREST 


FIGURE 4. Results of programmed ventricular stimulation in patients 
with previous cardiac arrest. The incidence of induced ventricular ar- 
rhythmias is shown in relation to the earliest recorded rhythm during 
cardiac arrest. VF = ventricular fibrillation; VT = ventricular tachy- 
cardia. 





TABLE Il 
Results of Ventricular Electrical Stimulation 





Earliest Rhythm 


Recorded at Cases Cases 

Cardiac Arrest (n) Induced Rhythm (n) 
VF 30 VF 4 
Sustained VT 6 

Degeneration to VF 5 
Nonsustained VT 3 
VT 20 Sustained VT 17 

Degeneration to VF 2 
Nonsustained VT 1 
None 2 Sustained VT 2 

Degeneration to VF 
Total 52 33 7 


VF = ventricular fibrillation; VT = ventricular tachycardia. 


remainder the arrhythmia could be terminated by 
programmed stimulation. There were no cardiac or 
neurologic sequelae in any of the patients who required 
cardioversion. 

In the two patients whose arrhythmia at the time of 
cardiac arrest was not documented, ventricular tachy- 
arrhythmias were induced by programmed stimulation. 
Sustained ventricular tachycardia was induced in both 
of these patients, in one of whom degeneration into 
ventricular fibrillation occurred. Thus, in 33 (63 per- 
cent) of the 52 patients a ventricular tachyarrhythmia 
was induced by programmed stimulation. 

The A-H and H-V intervals were significantly dif- 
ferent in patients with and without inducible ventricular 
arrhythmias (Fig. 5 and 6). Patients with inducible ar- 
rhythmias demonstrated longer mean A-H (91.1 versus 
76.6 ms, p <0.005) and H-V (62.5 versus 50.3 ms, p 
<0.01) intervals than did those without inducible ven- 
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FIGURE 5. A-H intervals in patients with and without inducible ar- 
rhythmias. 
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FIGURE 6. H-V intervals in patients with and without inducible ar- 
rhythmias. 


tricular arrhythmias. Seventeen patients with inducible 
arrhythmias had a prolonged H-V interval (greater than 
55 ms) versus 4 patients without inducible ventricular 
tachyarrhythmias (p <0.001). Atrioventricular (A-V) 
nodal refractory periods (260 to 390 ms) and paced cycle 
length to A-V nodal Wenckebach conduction (300 to 500 
ms) were normal in all 50 patients so studied (2 patients 
had atrial fibrillation). Sinus nodal function was normal 
in all but 1 of 46 patients tested. 








TABLE lll 
Results of Cardiac Catheterization 
Range Mean 
Hemodynamics 
LVEDP (mm Hg) 4-30 14.5 
Cl (liters/min per m?) 1.5-4.6 2.6 
EF (96) 20-80 43 
Coronary angiography 
Coronary artery disease 32 
(number of patients) 
1 VD 6 
2 VD 11 
3 VD 15 
Coronary arteries with >50 
percent obstruction 
(number of patients) 
LAD 26 
RCA 24 
LCx 21 
Left Ventriculography 
(number of patients) 
Normal 13 
Isolated segmental abnormalities 17 
Diffuse abnormalities 12 
LV aneurysm 16 


Cl = cardiac index; EF = ejection fraction; LAD = left anterior de- 
scending artery; LCx = left circumflex coronary artery; LV = left ven- 
tricular; LVEDP = left ventricular end-diastolic pressure; 1, 2 and 3 VD 
= one, two and three vessel coronary artery disease; RCA = right 
coronary artery. 
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Although electrocardiographic intraventricular 
conduction disturbances were common in both groups, 
they were more common in patients with (18 of 32) than 
in those without (7 of 19) inducible arrhythmias. Elec- 
trocardiographic evidence of old or new myocardial 
infarction was more common in patients with inducible 
arrhythmias—16 of 33 versus 5 of 19 patients. In two of 
the five patients without cardiac disease, ventricular 
tachycardia that degenerated into ventricular fibrilla- 
tion was induced; no arrhythmia was induced in the 
other three patients. 

Hemodynamic-angiographic correlates of elec- 
trophysiologic testing: Forty-two patients underwent 
cardiac catheterization, including 28 with and 14 
without inducible ventricular arrhythmias (Table III). 
The 10 patients who refused cardiac catheterization did 
not differ clinically from those who underwent cathe- 
terization. In the patients in whom ventricular tachy- 
cardia or fibrillation was induced in the laboratory, 
cardiac catheterization revealed more marked impair- 
ment of hemodynamic function and more severe coro- 
nary disease (Fig. 7 and 8). Mean cardiac index was 
lower (2.4 versus 3.9 liters/min-m?; difference not sig- 
nificant), left ventricular end-diastolic pressure higher 
(17.0 versus 9.4 mm Hg; p <0.001), and ejection fraction 
lower (36.1 versus 57.2 percent ; p <0.008), in the group 
with inducible arrhythmias than in those in whom no 
arrhythmia could be induced. 

Coronary artery disease was present in 23 of 28 pa- 
tients with inducible arrhythmias. Two of these patients 
had one vessel disease, 9 had two vessel disease and 12 
had three vessel disease (Fig. 8). The remaining five 
patients with inducible arrhythmias included one with 
cardiomyopathy, one with mitral valve prolapse and one 
with rheumatic heart disease; two patients had no heart 
disease. In the group of 14 patients in whom no ven- 
tricular tachyarrhythmia was inducible, coronary artery 
disease was present in 9 patients, including 4 with one 
vessel, 2 with two vessel and 3 with three vessel disease. 
The remaining patients without inducible arrhythmias 
included one patient with cardiomyopathy, one patient 
with normal coronary arteries but coronary arterial 
spasm and three patients without heart disease. Left 
ventricular aneurysm was present in 14 patients with 
inducible arrhythmias and in only 2 in whom no ar- 
rhythmia could be induced. 


Discussion 


Ventricular fibrillation versus ventricular 
tachycardia as initiating arrhythmia of cardiac 
arrest: Ventricular fibrillation has been considered to 
be the mechanism of death in most patients who die 
suddenly, primarily because it is the most frequent ar- 
rhythmia recorded at the time of attempts at resusci- 
tation. However, the initiating arrhythmia is rarely 
recorded; thus, the primary arrhythmia resulting in 
ventricular fibrillation is not established. We were able 
to monitor the onset of cardiac arrest in 24 patients, 
including 6 of 10 patients who had the initial cardiac 
arrest in the hospital, and 18 patients with a new arrest 
during monitoring. All of these patients were in clini- 
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FIGURE 7. Cardiac function in patients with (I) and 
without (N-I) inducible ventricular tachyarrhythmias, 
as reflected by cardiac index, left ventricular end- 
diastolic pressure (LVEDP) and ejection fraction. 
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cally stable condition at the time of the cardiac arrest, 
which was a sudden and unexpected event. Of note was 
the large incidence of ventricular tachycardia as the 
initiating mechanism for cardiac arrest. Although the 
frequency of ventricular tachycardia as the initiating 
arrhythmia seems high, previous studies in several 
laboratories!!i-1? have demonstrated that ventricular 
tachycardia commonly produces hemodynamic collapse 
or degenerates to ventricular fibrillation, or both.!1-1? 
In our experience this occurs about 20 percent of the 
time,!!? and probably would occur more often if pro- 
grammed stimulation were not available to terminate 
the arrhythmia. An obvious additional factor is that 
patients with cardiac arrest precipitated by ventricular 
tachycardia appear to be those most likely to survive.?^ 
Thus our patient group was selected. 

Ventricular tachycardia induced by pro- 
grammed electrical stimulation: the responsible 
mechanism of cardiac arrest? The fact that in this 
study recurrent cardiac arrest was frequently initiated 
by ventricular tachycardia does not prove that this 
mechanism was responsible for the initial event in these 
patients. However, the circumstances of the new cardiac 
arrest (that is, sudden and unexpected in a patient in 
stable condition) suggest that the same arrhythmia was 
responsible for both events. Moreover, in the study we 
were able to induce ventricular tachycardia by pro- 
grammed electrical stimulation in 90 percent of patients 
who had that arrhythmia. In our experience and that of 
others,!i-!7 initiation of ventricular tachycardia by 
programmed electrical stimulation is a very specific 
indicator of its clinical occurrence. We!® recently 
demonstrated that sustained ventricular tachycardia 
was never induced by the introduction of single or 
double ventricular extrastimuli or rapid ventricular 
pacing in a group of more than 400 patients who did not 
spontaneously exhibit the arrhythmia. We therefore 
believe that the initiation of ventricular tachycardia in 
patients resuscitated from cardiac arrest further sup- 
ports the hypothesis that ventricular tachycardia is 
often the initiating mechanism of cardiac arrest. The 
mechanism of degeneration of ventricular tachycardia 
to ventricular fibrillation may be related to: (1) ischemia 
caused by decreased coronary perfusion and increased 
myocardial oxygen requirement, which in turn are 
secondary to hypotension and increased rate; or (2) 
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rapid ventricular rates and irregular activation patterns 
that, unrelated to ischemia, can also result in ventricular 
fibrillation; or (3) both factors. 

Patients with no inducible tachyarrhythmias: 
The initiating mechanism of the cardiac arrest in the 19 
patients in whom no ventricular tachyarrhythmias were 
induced remains uncertain. Because this group included 
patients with and without coronary disease, transient 
ischemia cannot be implicated as the mechanism of the 
arrhythmia in these cases. The relative incidence of 
primary ventricular fibrillation versus that secondary 
to ventricular tachycardia is unknown. Perhaps more 
sophisticated stimulation techniques might have per- 
mitted replication of the arrhythmia in the remaining 
19 patients. 

Comparison with previous studies: Previously, 
Myerburg et al.|5 were able to induce ventricular 
tachycardia in five of six patients resuscitated from 
cardiac arrest in whom ventricular tachycardia was the 


initial rhythm documented. No arrhythmia could be 


induced in the remaining four patients in whom ven- 
tricular fibrillation was the initial rhythm recorded. 
'These investigators therefore concluded that cardiac 
arrest in the latter group was due to transient ischemia 
and that electrophysiologic testing would not be 
worthwhile in most patients when performed 72 hours 
or more after cardiac arrest. 
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FIGURE 8. Extent of coronary artery disease (CAD) in patients with (I) 
and without (N-I) inducible ventricular tachyarrhythmias. 
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In our study we demonstrated a greater incidence of 
induction of ventricular tachycardia or fibrillation, or 
both. Although we apparently had a larger group of 
patients with ventricular tachycardia than did 
Myerburg et al., only six of our patients had ventricular 
tachycardia documented at the time of the initial arrest. 
It was only by monitoring recurrences in the hospital 
that we observed the frequent initiation of cardiac arrest 
by ventricular tachycardia. Thus, when the initial ar- 
rhythmias documented by the paramedics are com- 
pared, 6 of 10 patients studied by Myerburg et al. had 
ventricular tachycardia (5 of whom had inducible ven- 
tricular tachycardia), whereas, only 6 of 50 patients in 
our study had ventricular tachycardia documented 
during the first arrest. Therefore, the incidence of 
ventricular tachycardia recorded at the initial arrest in 
our patients was actually less than that in the study of 
Myerburg et al. 

We believe that the difference in the frequency of 
induction of sustained ventricular arrhythmia was more 
likely due to the stimulation techniques used than to 
differences in patient population. Myerburg et al.!? used 
only single ventricular stimuli at a single cycle length. 
Our stimulation protocol was more rigorous and in- 
cluded the use of single and double ventricular stimuli 
from multiple sites within the right ventricle and left 
ventricle (22 patients) at different drive cycle lengths 
and rapid pacing. Only after these perturbations failed 
to initiate a tachyarrhythmia did we consider the ar- 
rhythmia responsible for cardiac arrest noninducible. 

Hemodynamic and electrophysiologic correlates: 
The hemodynamic and angiographic patterns in our 
patients were not different from those of patients in 
other studies of sudden cardiac death.!8-2! The vast 
majority of patients had coronary artery disease with 
a distribution of diseased vessels similar to those pre- 
viously reported for both patients with sudden cardiac 
arrest and those with symptomatic coronary artery 
disease. In all instances, patients with two and three 
vessel disease predominated. However, patients with 
inducible arrhythmias appeared to have greater he- 
modynamic and angiographic ventricular dysfunction 
than did patients in whom arrhythmia could not be 
induced. In addition, our 33 patients with inducible 
malignant ventricular arrhythmias had a greater inci- 
dence of left ventricular aneurysm than did those with 
noninducible arrhythmias. This finding is not unex- 
pected, because we demonstrated a large incidence of 
left ventricular aneurysm in patients with inducible 
recurrent sustained ventricular tachycardia.! ^2? 
Myerburg et al.!® noted a similar large incidence of 
ventricular aneurysm in the patients whose cardiac 
arrest was caused by ventricular tachycardia and in 
whom the arrhythmia could be induced by programmed 
stimulation. 'This fixed substrate may account for the 
inducibility of the arrhythmia by programmed stimu- 
lation at any time independent of ischemia or other 
transient pathophysiologic effects. 

As in most studies, the majority of our patients with 
coronary artery disease had a prior myocardial infarc- 
tion, which was anterior in more than half.?-? We also 
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observed a large incidence of intraventricular conduc- 
tion defects (48 percent), a finding previously observed 
by other investigators.?^ Patients with inducible ar- 
rhythmia had greater impairment of hemodynamic 
function as well as more severe coronary disease. In 
addition, they had a higher proportion of abnormalities 
of atrioventricular conduction (that is, longer A-H and 
H-V intervals than did patients without inducible ar- 
rhythmias). All patients had antiarrhythmic therapy 
discontinued before the study; thus drug effects could 
not be implicated. These data suggest that those pa- 
tients in whom ventricular tachyarrhythmias are in- 
ducible are more likely to have a fixed anatomic or 
physiologic milieu, or both, that permits induction of 
the arrhythmia by programmed stimulation. 

Therapeutic implications: The empiric use of 
antiarrhythmic drugs to prevent sudden death has not 
met with great success. In fact, such therapy may pre- 
cipitate cardiac arrest as it did in two of our patients. At 
the time of cardiac arrest 30 to 80 percent of patients are 
on empiric therapy.??-19 This lack of success most likely 
results from the incorrect choice of antiarrhythmic 
agent, inadequate dosage, poor patient compliance, or 
all three. Recently, programmed stimulation has been 
used to predict drug therapy in patients in whom 
ventricular tachycardia can be reproducibly initiat- 
ed.1215.15,1723 Therapy (agent and dosage) chosen by 
such testing has proved effective in the long-term 
management of this arrhythmia. The fact that ven- 
tricular tachycardia or fibrillation, or both, could be 
reproducibly initiated in the laboratory in 63 percent 
of our patients suggests that programmed stimulation 
could be used to develop pharmacologic therapy in a 
fashion similar to that previously shown to be effective 
in the treatment of chronic recurrent sustained ven- 
tricular tachycardia. We?? have been able to develop 
successful therapy for 13 patients in this manner, and 
have recently reported the preliminary results. 

In patients whose cardiac arrest is secondary to ven- 
tricular tachycardia and in whom drugs fail, localization 
of the origin of ventricular tachycardia by endocardial 
mapping can be used to guide surgical therapy for these 
arrhythmias. This approach, when coupled with intra- 
operative mapping to guide surgical therapy, has been 
successfully used to ablate recurrent sustained ven- 
tricular tachycardia in patients whose anatomy is 
comparable with that of our patients who have had a 
cardiac arrest.24-26 We therefore believe that pro- 
grammed ventricular stimulation and endocardial 
mapping can play an important role in treatment of 
these patients for the prevention of recurrent cardiac 
arrest. Long-term follow-up studies using these tech- 
niques will be necessary to further establish the benefits 
of this approach. 
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In 32 necropsy patients who died within 30 days of an aortocoronary by- 
pass operation performed for relief of angina pectoris, the lumens in 42 
(95 percent) of 44 nonbypassed and in 52 (100 percent) of 52 bypassed 
arteries were narrowed 76 to 100 percent in cross-sectional area by 
atherosclerotic plaque. Of 616 five mm segments of the 44 nonbypassed 
arteries examined histologically, 292 (47 percent) were narrowed 76 to 
100 percent in cross-sectional area by atherosclerotic plaque; of 728 
segments examined in the 52 bypassed arteries, 375 (52 percent) were 
similarly narrowed. Thirty-two (73 percent) of the 44 nonbypassed cor- 
onary arteries (in 23 patients) had been judged to be narrowed 50 percent 
or less in diameter on preoperative coronary angiography, but at necropsy 
31 (97 percent) of these arteries were narrowed 76 to 100 percent in 
cross-sectional area and the other artery was narrowed 51 to 75 percent. 
Thus, significant amounts of atherosclerotic plaque tend to be present at 
necropsy in all three major coronary systems of patients with angina 
pectoris who die early after an aortocoronary bypass operation. 


In patients undergoing aortocoronary bypass operations, one, two or 
three or more bypass conduits are inserted. The decision to bypass one 
major coronary artery and not another is usually determined by the 
degree and location of the narrowing or the size of the coronary artery 
on preoperative angiography. The accuracy of angiographic judgment 
or the status of the nonbypassed coronary artery has, to our knowledge, 
not been evaluated at necropsy in patients who died early after aorto- 
coronary bypass operations. Thus, 44 nonbypassed coronary arteries 
were examined in 32 necropsy patients who died within 30 days of an 
aortocoronary bypass operation carried out for relief of angina pectoris, 
and the observations on the nonbypassed arteries were compared with 
those on the bypassed arteries. 


Methods 


Study patients: In the Pathology Branch of the National Heart, Lung, and 
Blood Institute, from 1972 through July 1979, we examined at necropsy the 
hearts of 117 patients who died after aortocoronary bypass procedures; 75 pa- 
tients (64 percent) died within 60 days of the operation and 42 (36 percent) died 
later. Of the 75 patients who died within 60 days of operation, 43 (57 percent) 
had three or more aortocoronary bypass conduits inserted. The remaining 32 
patients, all of whom died within 30 days of the bypass operation, had one (13 
patients) or two (19 patients) bypass conduits inserted. This paper concerns only 
the latter 32 patients, whose ages ranged from 34 to 70 years (mean 55); 22 were 
men and 10 were women. All 32 patients had angina pectoris preoperatively, 
which was stable in 6 (19 percent) and unstable in 26 (81 percent). (Unstable 
angina pectoris was defined as anterior thoracic pain of recent onset [less than 
1 month before clinical evaluation] or a recent change in the pattern of the pain 
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in terms of frequency, severity, intensity and ease of provo- 
cation. Nocturnal angina or angina at rest or prolonged angina 
within 3 months of death was considered unstable.) 

In addition to coronary heart disease, six patients (all with 
stable angina pectoris) also had valvular heart disease: isolated 
aortic-valve stenosis in two, isolated mitral stenosis in one, 
pure mitral regurgitation secondary to papillary muscle dys- 
function in one and combined aortic and mitral stenosis in 
two. These six patients also had replacement of the mitral or 
aortic valve, or both, with a prosthesis in addition to the aor- 
tocoronary bypass procedure. In these six patients with as- 
sociated valvular heart disease, 12 of the 18 major coronary 
arteries received a bypass conduit, or one major coronary ar- 
tery was not bypassed in each. Excluding the 6 patients with 
associated valvular heart disease, none of the other 26 patients 
had had clinical evidence of congestive cardiac failure and 
none of the total 32 patients had had a clinical event com- 
patible with acute myocardial infarction. However, at ne- 
cropsy 4 of the 32 patients had one or more transmural left 
ventricular scars, and 7 other patients had relatively small 
subendocardial foci of left ventricular necrosis. 

Eighteen of the 32 patients died in the operating room 
because of inability to be separated from cardiopulmonary 
bypass. The remaining 14 patients died after varying periods 
of shock (low cardiac output syndrome). The interval from the 
end of the operation to death in these 14 patients ranged from 
2 hours to 24 days; in 4 patients, 12 hours or less; in 3 patients, 
from 16 to 24 hours; in 4 patients, from 2 to 4 days; and in 3 
patients, from 6, 14 and 24 days, respectively. None of the 18 
patients who died in the operating room had left ventricular 
myocardial necrosis detected histologically at necropsy. Of 
the remaining 14 patients who died later, 4 had one or more 
foci of left ventricular myocardial necrosis (that is, acute 
myocardial infarction) at necropsy. 

Examination of coronary arteries: This report focuses 
on the status of the 44 major nonbypassed and the 52 bypassed 
epicardial coronary arteries in the 32 patients. The major ar- 
teries analyzed were the right, left anterior descending and 
left circumflex (Table I). However, if a conduit had been 
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Summary of Coronary Arterial Findings in 32 Patients With 
Angina Pectoris Who Died Within 30 Days of 


Aortocoronary Bypass 





Nonbypassed coronary arteries 
Left anterior descending (LAD) only 
Left circumflex (LCx) only 
Right (RCA) only 
LAD and LCx 
LAD and RCA 
LCx and RCA 


Nonno aan coronary arteries and 
(number of arteries) narrowed more 
than 75% in cross-sectional area by 
atherosclerotic plaque 
LAD 
LCx 
RCA 


Number of 5 mm segments in 44 
nonbypassed coronary arteries and 
(number of arteries) [% ] narrowed 
more than 75% in cross-sectional area 
by atherosclerotic plaque 


Bypassed coronary arteries 
LAD only 
LCx only 
RCA only 
LAD and LCx 
LAD and RCA 
LCx and RCA 


Bypassed coronary artery and number of 
arteries narrowed more than 75% in 
cross-sectional area by atherosclerotic 
plaque 

LAD 
LCx 
RCA 


Total number of 5 mm segments in 52 
bypassed coronary arteries and 
(number of arteries) [96] narrowed 
more than 7596 in cross-sectional area 
by atherosclerotic plaque 


1) 20 patients 
10 (single artery) 


$ 12 patients 
9 (two arteries) 


4 (4) KK arteries 


20 (19) E 
26 (19) (42 > 7596) 


616 
(292) [47 96] 


9 12 patients 
2 (single artery) 


jk 20 patients 
1 (two arteries) 


12 (12)( (52 > 75%) 


28 EE arteries 
12 (12) 


728 
(375) [5296] 


Angiographic and Histologic Comparison of Amount of Coronary Arterial Narrowing by Atherosclerotic Plaque in 32 of 44 
Nonbypassed Major Epicardial Coronary Arteries With Less Than 50 percent Diameter Reduction on 


Preoperative Angiography 
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Histologic 
Finding 
at Necropsy 0-30 96 

LAD 
Number of arteries 1 
Number narrowed >75 % * 1 
Number of 5 mm segments 14 
Number (96) narrowed >75% * 6 
LCx 
Number of arteries 1 
Number narrowed >75% * 1 
Number of 5 mm segments 5 
Number (96) narrowed >75% * 1 
RCA 
Number of arteries 2 
Number narrowed >75% * 2 
Number of 5 mm segments 46 
Number (96) narrowed >75% * 
Totals 
Number of arteries 
Number (96) narrowed >75% * 
Number of 5 mm segments 65 
Number (96) narrowed >75% * 


* Cross-sectional area. 


31-50% 


216 


Preoperative Angiographic Narrowing (diameter reduction) 


262 
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placed to the left obtuse marginal coronary artery, the left 
circumflex system then was considered to have been bypassed. 
If neither the left obtuse marginal nor the left circumflex 
coronary artery had been bypassed, only the status of the left 
circumflex artery was included in our analysis. Of the 44 
nonbypassed coronary arteries, preoperative coronary an- 
giograms showed some degree of narrowing in 43: diameter 
reduction 10 to 30 percent in 3 arteries, 31 to 50 percent in 28 
arteries, 51 to 75 percent in 1 artery and 76 to 100 percent in 
11 arteries (Table II). In the latter 12 arteries, either coronary 
bypass grafting had not been planned (six cases) or at opera- 
tion the artery was not found or was deemed too small to by- 
pass (six cases). In all 52 bypassed coronary arteries, preop- 
erative selective angiograms disclosed greater than 50 percent 
narrowing in diameter. 

The nonbypassed and bypassed coronary arteries were 
examined at necropsy in similar fashion. Each artery was 
excised intact from the heart and subjected to X-ray exami- 
nation. If calcific deposits were present radiographically the 
artery was decalcified. The arteries were then cut transversely 
to the longitudinal axes into 5 mm long segments. The 5 mm 
segments were labeled, dehydrated and embedded in paraffin; 
several histologic sections were cut and one was stained by the 
Movat method and examined. All determinations of luminal 
narrowing were based on examination of the Movat-stained 
sections because this stain clearly outlines the artery's internal 
elastic membrane. The degree of narrowing was based on 
histologic examination of each cross section magnified 25 to 
50 times. The judgment regarding the degree of luminal nar- 
rowing of each 5 mm segment was based on the degree of lu- 
minal obliteration within the luminal circle bordered by the 
internal elastic membrane. This method has been demon- 
strated! to be almost as accurate as videoplanimetry and the 
intra- and interobserver errors to be less than 5 percent. The 
percent cross-sectional area luminal narrowing by athero- 
sclerotic plaque in each 5 mm segment was determined as 
follows: 0 to 25, 26 to 50, 51 to 75, 76 to 95 and 96 to 100. In 
arteries with eccentric lumens and walls indented artifactually 








60 
No. of 5-mm Segments 
Percent — 

Narrowing Non-bypassed Bypassed 
50 Z E 
0-25 72 15 
26-50 109 123 
51-75 143 215 
40 76-95 285 354 
96-100 (W) E 21 
TOTALS 616 728 
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& 





Percent Luminal Narrowing in Cross-Sectional Area 


by Atherosclerotic Plaques 
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into them, the judgment of degrees of narrowing at necropsy 
was determined only after visual expansion of the collapsed 
portion of wall. 


Results 


Nonbypassed versus bypassed coronary arteries: 
At necropsy, the lumens in 42 (95 percent) of the 44 
nonbypassed coronary arteries and the lumens in all 52 
bypassed coronary arteries were narrowed 76 to 100 
percent in cross-sectional area by atherosclerotic 
plaques (Table I). (A 75 percent narrowing of cross- 
sectional area [necropsy] is equivalent to a 50 percent 
reduction in diameter [angiogram].?) The results of the 
examination of each 5 mm long segment of the 44 non- 
bypassed and the 52 bypassed coronary arteries are 
summarized in Table III and in Figure 1. Of the 616 five 
mm segments in the 44 nonbypassed arteries, 292 (47 
percent) were narrowed 76 to 100 percent in cross-sec- 
tional area by atherosclerotic plaque; 143 (23 percent) 
were narrowed, 51 to 75 percent; 109 (18 percent) were 
narrowed 26 to 50 percent; and 72 (12 percent) were 
narrowed 0 to 25 percent. Of the 728 five mm segments 
in the 52 bypassed arteries 375 (52 percent) were nar- 
rowed 76 to 100 percent in cross-sectional area by ath- 
erosclerotic plaques; 215 (29 percent) were narrowed 51 
to 75 percent; 123 (17 percent) were narrowed 26 to 50 
percent, and 15 (2 percent) were narrowed 0 to 25 per- 
cent. The amount of severe (more than 75 percent 
cross-sectional area) narrowing by atherosclerotic 
plaques in the proximal and distal halves of the non- 
bypassed and bypassed left anterior descending and 
right coronary arteries was similar (Fig. 2). The proxi- 
mal half of the nonbypassed left circumflex coronary 
artery had a higher proportion of 5 mm segments nar- 
rowed 76 to 100 percent than did the distal half of this 


FIGURE 1. Bar graph showing percent 
of 5 mm segments of 44 nonbypassed 
and 52 bypassed major epicardial 
coronary arteries narrowed to various 
degrees in 32 necropsy patients with 
angina pectoris who died within 30 days 
of an aortocoronary bypass opera- 
tion. 
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TABLE Ill 





Number and Percent of 5 mm Segments of 44 Nonbypassed (N) and 52 Bypassed (B) Major Epicardial Coronary Arteries and 


Grade of Cross-Sectional Area Luminal Narrowing 


Percent Cross-Sectional Area Luminal Narrowing 


0-25 26-50 51-75 76-95 96-100 Total 
Coronary eS Se a animes ^ Ned PE aes 

Artery N B N B N B N B N B N B 
LAD 

n 6 12 6 72 16 117 25 195 2 8 55 404 
fs (11) (3) (11) (18) (29) (29) (45) (48) (4) (2) (100) (100) 

X 

n 28 2 34 28 41 40 95 63 2 4 200 137 
TÍN (14) (2) (17) (20) (21) (29) (47) (46) (1) (3) (100) (100) 

n 38 1 69 23 86 58 165 96 3 9 361 187 

96 (11) (1) (18) (12) (24) (31) (46) (51) (2) (5) (100) (100) 
Total 72 15 109 123 143 215 285 354 7 21 616 728 

(12)! (2)! (18) (17) (23)* (29)* (46) (49) (1) (3) (100) (100) 


* p <0.01. t p «0.001. 


LAD = left anterior descending, LCx = left circumflex, RCA = right coronary artery. 


artery but the proportions were similar in the bypassed 
artery. 

Preoperative coronary angiographic versus au- 
topsy findings: Of the 32 nonbypassed coronary arte- 
ries (in 23 patients) judged to have a diameter reduction 
of 50 percent or less on preoperative coronary angiog- 
raphy, at necropsy 31 (97 percent) were narrowed 76 to 
100 percent in cross-sectional area by atherosclerotic 
plaque (211 [48 percent] of 443 five mm segments) and 
1 (3 percent) was narrowed 51 to 75 percent in cross- 
sectional area (Table II). Figures 3 and 4 show, respec- 


0 
Non- Bypassed: {Ñ Proximal v2 (309) || Distal "2 (307) 


Bypassed: 


60 


50 








Percent of 5-mm Segments 
Narrowed >75% in Cross-Sectional Area 





FIGURE 2. Bar graph showing percent of 5 10 
mm segments of the proximal and distal halves 

of the 44 nonbypassed and 52 bypassed major 

epicardial coronary arteries narrowed more 

than 75 percent in cross-sectional area by 
atherosclerotic plaque in 32 necropsy patients 

who died within 30 days of aortocoronary by- 

pass grafting. 





tively, a cross section from each 5 mm segment of the 
right coronary artery and the angiogram of this artery 
in 1 of the 23 patients with one or more major coronary 
arteries that were not bypassed because of insignificant 
reduction in diameter. Of the 12 nonbypassed coronary 
arteries (in nine patients) judged to be either “severely 
narrowed” or “too small to bypass” on preoperative 
coronary angiography, at necropsy 11 were narrowed 76 
to 100 percent in cross-sectional area by atherosclerotic 
plaque (81 [47 percent] of 173 five mm segments) and 
1 was narrowed 51 to 75 percent. 
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Comments 
Autopsy findings in fatal coronary artery disease: 
This study demonstrates that our necropsy patients 
with angina pectoris who died soon after aortocoronary 
bypass operations had diffuse coronary atherosclerosis 
and that their preoperative angiograms frequently un- 
derestimated the severity of the coronary narrowing. 
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Other studies from this laboratory and elsewhere have 
also shown that among patients with fatal coronary 
heart disease (irrespective of the type of coronary 
event), coronary atherosclerosis in the major epicardial 
coronary arteries is diffuse and severe and that it is 
unusual to find a normal 5 mm long segment in any of 
the three major (right, left anterior descending and left 
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FIGURE 3. Cross-sections from each of 21 five mm segments of the right coronary artery in 1 of the 32 patients in whom one or more major coronary 


arteries were not bypassed because the preoperative angiogram indicated 50 percent or less diameter reduction. The histologic sections begin 


with the first 5 mm segment of the right coronary artery (0.5 cm) and extend to the origin of the posterior descending branch (10.5 cm). The amount 
narrowing of cross-sectional area of the lumen by atherosclerotic plaque (determined with videoplanimetry) in these 21 histologic sections was 
as follows: 76 to 100 percent in 10 (48 percent), 51 to 75 percent in 6 (28 percent) and 50 percent or less in 5 (24 percent). 


960 December 1980 The American Journal of CARDIOLOGY Volume 46 


NONBYPASSED AND BYPASSED CORONARY ARTERIES—WALLEH ANU HUDEHTO 


circumflex) coronary arteries.*-= Among necropsy pa- 
tients studied in our laboratory with unstable angina 
pectoris,’ acute myocardial infarction, sudden coronary 
death® and healed myocardial infarction with either 
cardiac’ or noncardiac? death, the lumens of at least 30 
percent of the three major coronary arteries were nar- 
rowed 76 to 100 percent in cross-sectional area by ath- 
erosclerotic plaque and about 70 percent of the lengths 
of these three arteries were narrowed more than 50 
percent in cross-sectional area. Additionally, the lumens 
in only about 10 percent of the lengths of these three 
arteries were narrowed 25 percent or less in cross-sec- 
tional area. Among the 44 nonbypassed coronary arte- 
ries in our 32 patients, 292 (47 percent) of 616 five mm 
segments (an average of 20/artery) of nonbypassed ar- 
tery were narrowed 76 to 100 percent in cross-sectional 
area by atherosclerotic plaque and another 23 percent 
were narrowed 51 to 75 percent. Of the 52 bypassed 
coronary arteries in our 32 patients, 375 (52 percent) of 
728 five mm segments were narrowed 76 to 100 percent 
in cross-sectional area by atherosclerotic plaque and 
another 29 percent were narrowed 51 to 75 percent. 
Furthermore, only 12 percent of the 5 mm long seg- 
ments of the nonbypassed coronary arteries were nar- 
rowed 25 percent or less, and only 2 percent of the by- 
passed arteries were so narrowed. Thus, the odds appear 
to favor the view that all three major coronary arteries 
will be considerably narrowed in necropsy patients with 


FIGURE 4. Same patient. Two 
views of the preoperative selective 
coronary arteriogram of the right 
coronary artery in the patient whose 
right coronary artery is shown his- 
tologically in Figure 3. The maximal 
diameter reduction in both right 
(right) and left (left) anterior oblique 
views was judged to be between 40 
and 50 percent. 


angina pectoris who died early after an aortocoronary 
bypass operation. 

Coronary angiographic versus autopsy findings: 
Several studies among patients with symptomatic cor- 
onary heart disease have emphasized that coronary 
angiograms tend to underestimate the amount of cor- 
onary luminal narrowing. Among 61 coronary arteries 
examined with angiography during life and subse- 
quently at necropsy in our laboratory,” in 17 (40 per- 
cent) of the 42 vessels narrowed 76 to 100 percent in 
cross-sectional area at necropsy, the narrowing was 
underestimated by two or three angiographers; and in 
7 of 8 arteries narrowed 51 to 75 percent in cross-sec- 
tional area at necropsy, the narrowing was underesti- 
mated by one or more of the three angiographers. Thus, 
among patients with severe coronary atherosclerosis, 
coronary angiography tends to underestimate the actual 
degrees of luminal narrowing. Among 32 (76 percent) 
of the 44 nonbypassed coronary arteries (from 23 pa- 
tients) described in this study, preoperative coronary 
angiography indicated less than 50 percent reduction 
in diameter in 21 arteries and 50 percent reduction in 
11. However, at necropsy 31 of these 32 arteries were 
narrowed more than 75 percent in cross-sectional 
area. 

Role of coronary bypass grafting: Several clinica 
studies have demonstrated that the early postoperative 
mortality rates and the frequency of postoperative acute 
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myocardial infarction are lower, and the frequency of 
disappearance of angina pectoris and improvement in 
exercise tolerance are greater in patients having three 
or more aortocoronary grafts than in those with two 
grafts and less in patients having two grafts than in 
those having only one. Stiles et al.9 found the combined 
immediate and 6 month mortality rate to be 4 percent 
in 445 patients receiving three grafts, 9 percent in the 
416 patients receiving two grafts and 21 percent in the 
85 patients receiving a single graft. Sheldon et al.!? ob- 
served clinical evidence of acute myocardial infarction 
early postoperatively in only 6 (3 percent) of 187 pa- 
tients having multiple grafts and in 49 (17 percent) of 
286 patients having a single graft. Of 58 patients fol- 
lowed up 13 to 36 months by Assad-Morell et al.,!! 21 
(80 percent) of 26 receiving three or more grafts had no 
angina pectoris compared with 12 (63 percent) of 19 
patients receiving two grafts and only two (16 percent) 
of 13 patients with a single graft. Sheldon et al.!° re- 
ported similar results. Consequently, the frequency of 
a second coronary bypass operation for recurrence of 


angina pectoris also is much greater in patients having 
one or two grafts inserted in the first aortocoronary 
bypass procedure compared with those having three or 
more grafts inserted in the first operation.1?-17 Assad- 
Morell et al.!! found “positive” ischemic exercise re- 
sponses with the exercise (stress) treadmill test in only 
2 (9 percent) of 23 patients with three or more grafts, in 
23 (70 percent) of 30 patients with two grafts and in 23 
(96 percent) of 24 patients with only one graft. 

Finally, progression of the atherosclerotic process in 
nonbypassed coronary arteries appears to be the major 
cause of recurrence of myocardial ischemia late after 
aortocoronary bypass operation. Seides et al.!8 restudied 
22 patients 53 to 84 months after aortocoronary bypass 
grafting who had had at least one graft patent 3 to 9 
months after the bypass operation. At the late study, 31 
of 33 grafts were patent, but angina pectoris had reap- 
peared in 11 of 16 patients who had become asymp- 
tomatic early after operation. Progression of narrowing 
in ungrafted coronary arteries accounted for the clinical 
deterioration in 9 of these 11 patients. 
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The results of operative treatment in 20 patients with hypertrophic car- 
diomyopathy 65 years of age or older are described. All 20 patients were 
severely symptomatic before operation. Seventeen of the 20 patients had 
marked left ventricular outflow tract obstruction under basal conditions 
(average pressure gradient 107 mm Hg); the other three patients had 
outflow gradients of more than 50 mm Hg only with provocation. One 
patient died at operation, and one died 4 years after operation of cir- 
cumstances unrelated to hypertrophic cardiomyopathy. Sixteen of the 
18 long-term survivors have had persistent and significant functional 
improvement for up to 6 years after operation, including 7 patients who 
are now asymptomatic. Two patients experienced symptomatic deteri- 
oration after manifesting initial symptomatic improvement for 3 and 4 
years, respectively, after operation. Operation resulted in a marked de- 
crease or abolition of the left ventricular outflow gradient in each of the 
17 patients studied with postoperative cardiac catheterization. 

These data show that gratifying symptomatic and hemodynamic im- 
provement may be obtained by septal myotomy and myectomy in the 
elderly patient with hypertrophic cardiomyopathy. Accordingly, advanced 
age in itself is not a contraindication to operative intervention in such 
patients. 


Hypertrophic cardiomyopathy is usually considered a disease of the 
young and the middle-aged, because most patients become symptomatic 
or experience sudden death before 65 years of age.' * However, with the 
advent of echocardiography in the early 1970s5-? hypertrophic cardio- 
myopathy has been identified with increasing frequency in older pa- 
tients.3-17 The recognition that hypertrophic cardiomyopathy commonly 
produces marked functional limitation in older patients requires that 
the role of operation in the management of such patients be defined. Foi 
these reasons the present study was undertaken. Our report describes 
the clinical features and results of operation in 20 patients 65 years o! 
age or older with hypertrophic cardiomyopathy who underwent septa 
myotomy and myectomy at the National Heart, Lung, and Blood In. 
stitute. 


Selection of Patients 


Between January 1960 and May 1980, a total of 276 patients with hypertrophic 
cardiomyopathy were operated on at the National Heart, Lung, and Blood In- 
stitute. Among them were 21 patients who were 65 years of age or older at the 
time of septal myotomy and myectomy. All were operated on after 1972. Twenty 
of the 21 patients were followed up for at least 1 year and constitute the present 
study group. The 20 patients ranged in age from 65 to 76 years (mean 69); 17 were 
women and only 3 were men. 
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Indications for operation were the same as those for other 
patients with hypertrophic cardiomyopathy at our institu- 
tion^!*: (1) severe symptoms (New York Association!? 
functional class III or IV) unresponsive to treatment with 
propranolol and, for the past year, with verapamil; (2) marked 
left ventricular outflow tract obstruction (50 mm Hg or greater 
subaortic gradient under basal conditions or with provocative 
maneuvers; and (3) absence of a severe medical condition 
constituting a contraindication to a cardiac operation. At the 
time of operation, 9 patients were in functional class IV and 
the other 11 patients were in functional class III. The most 
common symptoms experienced were fatigue, dyspnea on 
exertion and chest pain (Table I). The patients had been 
symptomatic for 1 to 26 years (mean 9) before operation, and 
hypertrophic cardiomyopathy was initially identified 1 to 14 
years (mean 4) before operation. Nineteen of the 20 patients 
had diseases in addition to hypertrophic cardiomyopathy, 
including 5 patients in whom more than one organ system was 
involved (Table II). 


Results 
Preoperative Clinical Findings 


Hemodynamic data: Right and left heart catheter- 
Ization was performed preoperatively in each of the 20 
patients. The peak systolic pressure gradient between 
the left ventricle and a systemic artery under basal 
conditions was greater than 50 mm Hg in 17 of the 20 
patients studied (range 55 to 170 mm Hg; average 103). 
The three patients who had an outflow gradient of less 
than 50 mm Hg under basal conditions had a gradient 
of 80 to 130 mm Hg with provocative maneuvers (Val- 
salva maneuver, amy] nitrite inhalation or isoproterenol 
infusion). Left ventricular end-diastolic pressure ranged 
from 7 to 36 mm Hg (average 18) and was abnormal 
(greater than 12 mm Hg) in 13 of the 20 patients. 

Fifteen of the 20 study patients had preoperative 
coronary arteriograms, which revealed significant 
coronary artery disease (greater than 50 percent luminal 
narrowing of at least one major extramural artery) in 2 
patients, and mild or no abnormalities in the other 13. 
None of the lesions identified was considered severe 
enough to warrant aortocoronary bypass surgery. One 
other patient had associated mild aortic valve stenosis 
(peak systolic gradient 30 mm Hg). 


TABLE | 


Preoperative Symptoms in 20 Patients 65 Years of Age and 
Over Who Underwent Operation for Obstructive 
Hypertrophic Cardiomyopathy 








Patients 

Symptoms n(%) 

Fatigue 20 (100) 
Dyspnea on exertion 19 ( 95) 
Chest pain* 15 ( 75) 
Syncope 11(. 55) 
Orthopnea 11( 55) 
Paroxysmal nocturnal dyspnea 6( 30) 
Presyncope 6( 30) 
Palpitations 5( 25) 


* Thirteen of these 15 patients had typical angina pectoris; the re- 
maining 2 patients had atypical chest pain. 
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Echocardiographic findings: Echocardiograms 
were performed preoperatively in 18 of the 20 patients. 
Ventricular septal thickness (measured just below the 
caudal margins of the mitral leaflets) ranged from 16 to 
32 mm (mean 24) and was greater than 20 mm in 13 
patients. Asymmetric septal hypertrophy (ventricular 
septal to posterior free wall thickness ratio 1.3 or 
greater) was present in each of the 18 patients; septal/ 
free wall ratios ranged from 1.3 to 2.7 (mean 1.9). Sys- 
tolic anterior motion of the anterior mitral leaflet was 
present under basal conditions in 14 of the 18 patients, 
and absent in 2 others; in the remaining 2 patients, the 
mitral valve was not adequately imaged to assess sys- 
tolic anterior motion. In every patient studied, the left 
atrial transverse dimension was increased relative to 
body surface area (range 40 to 59 mm; mean 49). Mitral 
anular calcification was identified in 6 patients; this 
finding was confirmed in each of these patients with 
fluoroscopy. 

Electrocardiographic data: Five of the 20 patients 
had a normal electrocardiogram, and 2 others had only 
S-T segment and T wave changes. In the remaining 
patients the most common findings were left ventricular 
hypertrophy (five patients), S-T segment and T wave 
changes (six patients) and left atrial enlargement (four 
patients). Six patients had conduction abnormalities, 
including first degree heart block (one patient), 
Wolff-Parkinson-White pattern (one patient), right 
bundle branch block (one patient) and intraventricular 
conduction defect (two patients). One patient had 
complete heart block before operation and required 
permanent implantation of a pacemaker. Five other 
patients had had paroxysmal atrial fibrillation preop- 
eratively, but no patient had atrial fibrillation at the 
time of operation. 


Short-Term Postoperative Follow-Up 


After septal myotomy and myectomy,!? the period 
of hospitalization ranged from 10 to 32 days (mean 16). 


TABLE Il 


Associated Cardiovascular and Medical Diseases in 20 
Patients, 65 Years of Age or Older, Who Underwent 
Operation for Obstructive Hypertrophic Cardiomyopathy 





Patients 
Disease n(%) 

Systemic hypertension 12 (60) 
Peptic ulcer disease 3 (15) 
Coronary artery disease 2 (10) 
Diabetes mellitus * 2 (10) 
Chronic obstructive pulmonary disease 2 (10) 
Acquired valvular heart disease! 1( 5) 
Renal disease! 1( 5) 
Hypothyroidism 1( 5) 


* Diabetes of adult onset controlled with diet alone. t Mild aortic valve 
stenosis with a 30 mm Hg peak systolic pressure gradient; at the time 
of myotomy and myectomy, the valve was found to be symmetrical and 
tricuspid. There was no fusion of any commissure, and there was 
minimal calcification at the base of each sinus. Valve replacement was 
not necessary. * Interstitial nephritis believed to be a result of analgesic 
medication abuse. 
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The postoperative period was free of serious compli- 
cations in 17 of the 20 patients. One patient died on the 
2nd postoperative day, after sustaining a myocardial 
infarction during exploration for postoperative bleeding 
secondary to a right ventricular laceration. In two other 
patients complete heart block developed after opera- 
tion, and implantation of a permanent pacemaker was 
required. 


Long-Term Postoperative Follow-Up 


Clinical state: The postoperative follow-up period 
ranges from 1 to 6 years (mean 4). Of the 19 patients who 
survived operation, 18 are currently alive (Fig. 1). Their 
ages now range from 68 to 81 years (mean 72). Sixteen 
of these 18 patients have experienced significant func- 
tional improvement by at least one functional class 
compared with their preoperative state, including 7 who 
are currently asymptomatic (Fig. 2). The remaining two 
patients reported marked alleviation of their symptoms 
for 3 and 4 years, respectively, after operation, but 
subsequently returned to their preoperative functional 
status. One of these two patients had mitral stenosis (10 
mm Hg mean gradient) identified for the first time 3 
years after operation (at age 79). One other patient died 
4 years after operation (at age 81) after experiencing a 
severe infarction during an inferior vena caval plication 
for recurrent pulmonary emboli. 

Hemodynamic findings: Seventeen of the 19 oper- 
ative survivors underwent cardiac catheterization 6 to 
12 months after operation. In each of the 17 patients, 
the left ventricular outflow tract gradient under basal 
conditions was either abolished or significantly reduced 
by operation (Fig. 3). No outflow gradient was present 
under basal conditions in nine patients; the gradient was 
10 mm Hg or less in six patients and 20 and 30 mm Hg, 
respectively, in two other patients. In 14 of the 17 pa- 
tients, an outflow gradient of 12 to 130 mm Hg (average 
62) was elicited with provocative maneuvers postoper- 
atively. Of the 13 patients with an abnormal preopera- 
tive left ventricular end-diastolic pressure, the post- 
operative end-diastolic pressure was decreased in 10 
patients (including 5 in whom it became normal) and 
increased in 3 other patients. 


PREOPERATIVE POSTOPERATIVE 





NYHA FUNCTIONAL CLASS 


Ml OPERATIVE DEATH 


Ml LATE DEATH 
FIGURE 2. New York Heart Association (NYHA) functional status and 


clinical outcome in 20 patients 65 years of age or older (latest follow- 
up). 
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FIGURE 1. Early and late postoperative (POSTOP) course in 20 patients, 
65 years of age or older with obstructive hypertrophic cardiomyopathy 
(HCM). 


Echocardiographic findings: Echocardiograms 
were obtained in 12 patients, 6 months to 4 years after 
operation. Ventricular septal thickness ranged from 12 
mm to 26 mm (mean 17) and was less than the preop- 
erative value (by 2 to 17 mm, mean 7) in each patient. 
Posterior left ventricular free wall thickness ranged 
from 8 to 17 mm, and remained unchanged compared 
with the preoperative value in 11 of the 12 patients; it 
decreased by 4 mm in the other patient. In 10 of the 12 - 
patients, systolic anterior motion of the anterior mitral 
leaflet was either absent or mild; in 9 of these 10 patients 
this motion was clearly reduced in magnitude compared 
with that in the preoperative tracing; in the re- 
maining 2 patients the mitral valve could not be ade- 
quately visualized. In the 10 patients whose left atrial 
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PEAK SYSTOLIC LV OUTFLOW GRADIENT AT REST (mm Hg) 





PREOP POSTOP 


FIGURE 3. Peak systolic pressure gradient between the left ventricle 
(LV) and systemic artery, measured preoperatively (PREOP) and post- 
operatively (POSTOP) under basal conditions in 14 patients, 65 years 
of age and older, who had a preoperative outflow gradient of more than 
50 mm Hg. 
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transverse dimension could be evaluated both before 
and after operation, it was unchanged from the preop- 
erative value in 4 patients, was increased in 1 and de- 
creased in 5 others. 


Discussion 


Our findings show that septal myotomy and myec- 
tomy can be successfully and safely performed in pa- 
tients of advanced age (65 years or more) who have hy- 
pertrophic cardiomyopathy. Morbidity and mortality 
associated with operation were not greater in these 
patients than in patients operated on earlier in life at 
our institution.^!529 Therefore, septal myotomy and 
myectomy should be considered in patients of this age 
group who do not obtain adequate symptomatic benefit 
from either propranolol or verapamil.?! 

Comparison with results in younger patients: The 
favorable postoperative symptomatic relief and he- 
modynamic changes in our elderly patients were also 
similar to those observed after operation in younger 
patients with hypertrophic cardiomyopathy.*!6 For 
example, almost 90 percent of the elderly operative 
survivors enjoyéd substantial and persistent functional 
improvement for up to 6 years after operation. Such 
improvement was particularly gratifying for two rea- 
sons: (1) at the time of operation the patient group 
showed particularly marked functional limitation (al- 
most half were in functional class IV); and (2) all but 1 
of the 20 patients had, in addition to hypertrophic 


cardiomyopathy, another clinically significant cardio- 
vascular or medical abnormality. In many patients, 
these associated diseases could have adversely affected 
their operative and postoperative prognosis. Indeed, the 
patient who died late after operation and the two pa- 
tients who did not derive long-lasting symptomatic 
benefit from operation had substantial associated 
medical problems. 

Role of sex and hypertension: Our subgroup of el- 
derly patients differs clinically in two respects from the 
younger patients who underwent operation for ob- 
structive hypertrophic cardiomyopathy at our institu- 
tion.*!»!6 First, the present study group showed a 
striking predominance of women (85 percent compared 
with 47 percent for the other 255 patients operated on 
at this institute since 1960 [p «0.001]!5:16), It is likely 
that this sex distribution is partly related to patient 
selection. A greater proportion of men with hypertro- 
phic cardiomyopathy had already died before the age 
of 65 years and were therefore not found as frequently 
in a population of elderly patients with this disease. 
Second, 60 percent of the patients in this study had 
systemic hypertension preoperatively, a prevalence far 
exceeding that observed in the younger patient group. 
This frequent association of hypertension and hyper- 
trophic cardiomyopathy®*:!!:!4 probably reflects only 
the expected high prevalence rate of systemic hyper- 
tension in patients of advanced age and is not causually 
related to hypertrophic cardiomyopathy. 
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Slow-K is a sugar-coated (not enteric-coated) tablet contai 
sium Chtoride (equivalent to 8 mEq) in a wax matrix. This formulation is in- 
lended to provide a controlled release of potassium from the matrix !o 
minimize the likelihood of producing high localized concentrations of potas- 
Sium within the gastrointestinal tract 


INDICATIONS 

BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
AND BLEEDING WITH SLOW- RELEASE POTASSIUM CHLORIDE PREP- 
ARATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- 
FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis; in digitalis intoxication and in patients with hypokalemic familial 
periodic paralysis 

2. For prevention of potassium depletion when the dietary intake of potassium 
IS inadequate in the following conditions: Patients receiving digitalis and 
diuretics for congestive heart failure; hepatic cirrhosis with ascites: States o! 
aldosterone excess with normal renal function: potassium-losing nephropathy, 
and certain diarrheal states 

3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a nor- 
mal dietary pattern. Serum potassium should be checked periodically, how- 
ever, and, if hypokalemia occurs. dietary supplementation with potassium- 
containing foods may be adequate to control milder cases. In more severe 
cases supplementation with potassium salts may be indicated 
CONTRAINDICATIONS 

In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia may 
complicate any of the following conditions: chronic renal failure. systemic 
acidosis such as diabetic acidosis, acute dehydration, extensive tissue 
breakdown as in severe burns, adrenal insufficiency, or the administration of a 
potassium-sparing diuretic (eg, spironolactone, triamterene) 

Wax-matrix potassium chloride preparations have produced esophageal ul- 
ceration in certain cardiac patients with esophageal compression due to 
enlarged left atrium. 

All solid dosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through the 
G.I. tract. In these instances, potassium supplementation should be with a 
liquid preparation. 

WARNINGS 

Hyperkalemia: In patients with impaired mechanisms for excreting potassium, 
administration of potassium salts can produce hyperkalemia and cardiac 
arrest. This occurs most commonly in patients given potassium intravenously 
but may also occur when given orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic Use of potassium salts in patients with 
chronic renal disease, or any other condition which impairs potassium excre- 
tion, requires particularly careful monitoring of the serum potassium concen- 
tration and appropriate dosage adjustment. 

Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a potassium- 
Sparing diuretic (eg, spironolactone or triamterene), since the simultaneous 
administration of these agents can produce severe hyperkalemia 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowel wall and thereby produces 
obstruction, hemorrhage. or perforation. Slow-K is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride and thus to 
minimize the possibility of a high local concentration of potassium ion near the 
bowel wall. While the reported frequency of small-bowel lesions is much less 
with wax-matrix tablets (less than one per 100,000 patient-years) than with 
enteric-coated potassium chloride tablets (40-50 per 100.000 patient-years) 
cases associated with wax-matrix tablets have been reported both in foreign 
countries and in the United States. In addition, perhaps because the wax- 
matrix preparations are not enteric-coated and release potassium in the 
stomach, there have been reports of upper gastrointestinal bleeding as- 
sociated with these products. The total number of gastrointestinal lesions 
remains less than one per 100,000 patient-years Slow-K should be discontin- 
ued immediately and the possibility of bowel obstruction or perforation con- 
sidered if severe vomiting, abdominal pain, distention, or gastrointestinal 
bleeding occurs. 

Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium citrate, or potassium acetate. 

PRECAUTIONS 

Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in 
a patient with a clinical history suggesting some cause for potassium deple- 
tion. In interpreting the serum potassium levei. the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia in the absence of a 
deficit in total body potassium, while acute acidosis per se can increase the 
Serum potassium concentration into the normal range even in the presence of 
a reduced total body potassium. Treatment of potassium depletion, particu- 
larly in presence of cardiac disease. renal disease, or acidosis, requires 
careful attention to acid-base balance and appropriate monitoring of serum 
electrolytes, electrocardiogram, and clinical status of patient. 

ADVERSE REACTIONS 

Most common to oral potassium salts: nausea, vomiting, abdominal discom- 
fort, and diarrhea. These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the dose 
with meals, or reducing the dose. 

One of the most severe adverse effects is hyperkalemia (see Contraindica- 
tions and Warnings). There also have been reports of upper and lower 
gastrointestinal conditions including obstruction, bleeding, ulceration and 
perforation (see Contraindications and Warnings): other factors known to be 
associated with such conditions were present in many of these patients 
Skin rash has been reported rarely. 

DOSAGE 

Usual dietary intake of potassium by the average adult is 40 to 80 mEq per day 
Potassium depletion sufficient to cause hypokalemia usually requires loss of 
200 or more mEq of potassium from the total body store 

Dosage must be adjusted to the individual needs of each patient but is 
typically in the range of 20 mEq per day for prevention of hypokalemia to 
40-100 mEq per day or more for treatment of potassium depletion 

Note: Slow-K slow-release tablets must be swallowed whole and never 
crushed or chewed. 


667112 C78-23 (4/78) 
Consult complete product literature before prescribing. 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit. New Jersey 07901 
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Nitrol 


(nitroglycerin ointment, 29/o) 


Description: Nitrol^ Ointment contains 2% 
nitroglycerin (glyceryl trinitrate) in a special 
lanolin-petrolatum base. It is a prompt acting 
vasodilator, effective in the relief and pre- 
vention of anginal attacks. 

Action: When the ointment is spread on the 
skin, the active ingredient (nitroglycerin) is 
continuously absorbed through the skin into 
the circulation, thus exerting prolonged vaso- 
dilator effect. Nitroglycerin ointment is ef- 
fective in the control of angina pectoris, 
regardiess of the site of application. 
Indications: Prevention and treatment of 
angina pectoris attacks. 
Contraindications: May be contraindicated 
in patients with marked anemia, increased 
intraocular pressure or increased intra- 
cranial pressure. Should not be employed in 
patients with known idiosyncrasies to nitrites. 
Warning: In terminating treatment of anginal 
patients, both the dosage and frequency of 
application must be gradually reduced over 
a period of 4 to 6 weeks to prevent sudden 
withdrawal reactions, which are charac- 
teristic of all vasodilators in the nitroglycerin 
class. 

Precautions: A hypotensive headache is a 
sign of overdosage. Occasionally elderly pa- 
tients may have no untoward symptoms while 
recumbent but may develop postural hypoten- 
sion with faintness upon suddenly arising. 
Dosage and Administration: For angina 
pectoris the ointment may be applied every 
3 to 4 hours as required. The usual dose is 
1 to 2 inches, as squeezed from the tube, 
although some patients may require as much 
as 4 or 5 inches. The ointment should be 
spread in a thin uniform layer on the skin. 
The optimum dosage is determined by start- 
ing with an application of % inch of ointment 
and increasing the dose in % inch increments 
each successive application until headache 
occurs, then decreasing to the largest dose 
which does not cause headache. Nitrol 
Ointment can be applied to any convenient 
skin area but psychologically, many patients 
prefer the chest. ; 
Measurement and application of the ointment 
is easily accomplished with the aid of the 
specially designed Appli-Ruler™ supplied with 
the ointment. The ointment can be squeezed 
onto the graduated area of the Appli-Ruler 
and conveniently spread over the desired 
skin area. Keep the tube tightly closed and 
store at controlled room temperatures. 
Caution: Federal law prohibits dispensing 
without prescription. 

Supplied: 

30 gram tube NDC 0091-5617-31 

60 gram tube NDC 0091-5617-02 

30 gram 6-Pack Unit NDC 0091-5617-61 
60 gram 6-Pack Unit NDC 0091-5617-62 


References: 

1. Reichek, N, Goldstein, RE, et al, Circula- 
tion, 50:Aug. 1974. | 

2. Meister, SG, Engel, TR, et al, Br. Heart 
J., 38:10, 1976. 

3. Taylor, WR, Forrester, JS, et al, Am. J. 
Cardiol., 38:Oct. 1976. 

4. Parker, JO, et al, Am. J. Cardiol., 38: 
Aug. 1978. 


Kremers-Urban Company 
Milwaukee, Wisconsin 53201 


The Original... 


ae ® 
Nitrol (nitroglycerin ointment, 2%/0) 


Fills a therapeutic void 
in your cardiology practice 


* produces sustained, enhancedexercise Capacity; con- 


Nitro! Ointment the original topical coronary vasodi- 
lator—provides Subjective Symptomatic improvement 
for your angina patients, long-lasting freedom from pain 
and discomfort; possible reduction in oral medication 
requirements; decreased nocturnal attacks; overall 
Symptomatic improvement. 


The clin ical efficacy of Nitrol has been confirmed in 12 
published studies 


e supplements sublingual nitroglycerin medication 


e provides consistently prolonged beneficial hemody- 
namic effects '4 


a information 


comitant changes in heart rate and blood pressure 
without evidence of tolerance or toxicity' 

e decreases pulmonary wedge and arterial pressures 
plus systemic diastolic arterial pressures up to 5 hours? 
e favorably affects peripheral vascular resistance, 
venous Capacitance, preload and afterload?‘ 


For additional Nitrol information contact: 


Ia! Kremers-Urban Company 
U| Milwaukee, Wisconsin 53201 





elscint's 
tri-pex process 


and _ 
image quality 








Tri-pex: another unique feature of the Apex Line 





1l Apex, ideal gamma camera performance 

5 never achieved. Good resolution meant poor 
formity—and vice versa. Even today, most 
nufacturers do the best they can with resolution, 
| cover up nonuniformity by a simple computer 
k: artificial image modulation. Only Elscint so/ves 
problem —with TRI-PEX, a unique triple 

rection that gives Apex the best combination of 
olution, uniformity and linearity in Nuclear 
dicine. 




















elscint's apex line 
a commitment to excellence 


cint Inc. 

1-760 Johnson Avenue, 
ckensack, N.J. 07602, U.S.A. 
'l Toll Free: 800-631-1694 


scint's Unique TRI-PEX Process: 


e Energy Correction 

each individual Apex camera, the energy over 
> entire field of view is measured. When an 
ergy window is selected, the system 

omatically generates a set of "local windows." 
ring acquisition each event is selected or 
ected according to the local window value. 


e Displacement Correction 

atial distortions are mapped over the entire field 
iew. During acquisition, a special bit-slice 

bcessor “returns” each displaced event to its 

ginal position, in real-time, as it appears. 


e Sensitivity Correction 
y residual nonuniformity caused by variations in 
limator sensitivity or by other intrinsic factors is 
rected by quantifying sensitivity over the entire | 
Id of view. Nonuniformity is now eliminated by ; tiia a li 
tomatically normalizing the image count with | | W 
> aid of a precise 256? reference matrix. | | | | E 
scint’s TRI-PEX process has a triple advantage, too: | | | / 
o loss of data through "count skipping.’ | 4 
o loss of detail through artificial image 


orrections automatically performed on-line 
th no additional post-acquisition processing time 


e exceptional results achieved by Elscint's 
I-PEX process are safeguarded by an 

lusive electro-optical stabilization system 

ich maintains constant circuit balance without 
man intervention. 
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PERTENSION 4 
= YOUR DIAGNOSIS 
S PH CONDITION 






he 


Both his father and uncle are currently beir 
treated for high blood pressure; a paternal 
grandfather died in his 60's of a stroke. Neithe 
. the physical examination nor the laboratory 
& workup indicates target organ damage , 
or B oexisting disease. Cholesterol 













ẹ patient is 30 pounds over- S 
veight, smokes several cigars a E A 
and has a sedentary office job Wee 
nits he likes his food highly ` k 
spiced—and over-salted. Besides con-^ 
sidering appropriate anti tensive a 
you may also wish to designia tre 
program that inclu des ei 
restriction and e xercise, Se uf y 
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ANXIETY 
MAY WELL BE YOUR DIAGNOSIS 
IF HIS PSYCHOLOGICAL CONDITION 





During these visits, you also have 
observed symptoms of excessive 
tension and anxiety in this patient — 
restlessness, irritability, appre- 
| hension. His history lists anxiety- 
| ni ES related insomnia. 
sul 2X ~ Should this anxiety persist, despite 
i ^ ii * your reassurance and counseling, 

i: E-- Vif E ^4 adjunctive Valium (diazepam/Roche) 
| ^ AO # & El can be especially helpful. Valium 
»rovides prompt and dependable calming action. Within days, it helps 
'educe anxiety to manageable levels. And Valium is generally well 
olerated. Side effects more severe than drowsiness, fatigue and ataxia 
are rare and seldom serious. As with all CNS-acting agents, patients 
should be cautioned against drinking 








alcoholic beverages or driving while AMDA 6-0000 éd: daii 
on Valium therapy. Periodic reassess- 

ment of the need for psychotropic &886/9 D. BEAORMAN, M.D. 

medication is also recommended. een ORCO SESE PORRA SC HOGA. Be 05000 


OFFICE HOURS: BY APPOINTMENT 
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ADDRESS 
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WHEN ANXIETY 
IS ALSO A NEWLY 


DIAGNOSED PROBLEM La 





Non-repeat 


Before prescribing, please see summary / A JU i 
of product information on next page. TAE . P 
| Dispense as Writte | 
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VALIUM 


(diazepam/Roche) 


Before prescribing, please consult complete prod- 
uct Information, a summary of which follows: 
Indications: Management of anxiety disorders, or 
short-term relief of symptoms of anxiety; symptomatic 
relief of acute agitation, tremor, delirium tremens and 
hallucinosis due to acute alcohol withdrawal; adjunc- 
tively in skeletal muscle spasm due to reflex spasm to 
local pathology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man syndrome; con- 
vulsive disorders (not for sole therapy). 
The effectiveness of Valium in long-term use, that is, 
more than 4 months, has not been assessed by 
systematic clinical studies. The physician should 
periodically reassess the usefulness of the drug for 
the individual patient. 
Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle 
glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 
Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete 
mental alertness. When used adjunctively in convulsive 
disorders, possibility of increase in frequency and/or 
severity of grand mal seizures may require increased 
dosage of standard anticonvulsant medication; abrupt 
withdrawal may be associated with temporary increase 
in frequency and/or severity of seizures. Advise against 
simultaneous ingestion of alcohol and other CNS 
depressants. Withdrawal symptoms similar to those 
with barbiturates and alcohol have been observed with 
abrupt discontinuation, usually limited to extended use 
and excessive doses. Infrequently, milder withdrawal 
symptoms have been reported following abrupt discon- 
tinuation of benzodiazepines after continuous use, 
generally at higher therapeutic levels, for at least 
several months. After extended therapy. gradually taper 
dosage. Keep addiction-prone individuals under careful 
surveillance because of their predisposition to habitua- 
tion and dependence. 

Usage In Pregnancy: Use of minor tran- 

quilizers during first trimester should 

almost always be avoided because of in- 

creased risk of congenital malformations 

as suggested in several studies. Consider 

possibility of pregnancy when instituting 

therapy; advise patients to discuss ther- 

apy if they Intend to or do become 

regnant. 

Precautions: |f combined with other psychotropics 
or anticonvulsants, consider carefully pharmacology 
of agents employed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors and other anti- 
depressants may potentiate its action. Usual precau- 
tions indicated in patients severely depressed, or with 
latent depression, or with suicidal tendencies. Observe 
usual precautions in impaired renal or hepatic function. 
Limit dosage to smallest effective amount in elderly and 
debilitated to preclude ataxia or oversedation. 
Side Effects: Drowsiness, confusion, diplopia, hypo- 
tension, changes in libido, nausea, fatigue, depression, 
dysarthria, jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, blurred vision. 
Paradoxical reactions such as acute hyperexcited 
states, anxiety, hallucinations, increased muscle spas- 
ticity, insomnia, rage. sleep disturbances, stimulation 
have been reported: should these occur, discontinue 
drug. Isolated reports of neutropenia, jaundice; periodic 
blood counts and liver function tests advisable during 
long-term therapy. 
Dosage: Individualize for maximum beneficial effect. 
Adults: Anxiety disorders, symptoms of anxiety, 2 to 10 
mg b.i.d. to q.i.d.; alcoholism, 10 mg t i.d. orq.i.d. in 
first 24 hours, then 5 mg t.i.d. or q.i.d. as needed: 
adjunctively in skeletal muscle spasm, 2 to 10 mg t.i.d. 
or q.i.d.; adjunctively in convulsive disorders, 2 to 10 
mg b.i.d. to q.i.d. Geriatric or debilitated patients: 2 to 
2V2 mg, 1 or 2 times daily initially, increasing as needed 
and tolerated. (See Precautions.) Children: 1 to 2v» mg 
t.i.d. or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 
Supplied: Valium* (diazepam/Roche) Tablets, 2 mg, 
5 mg and 10 mg— bottles of 100 and 500; Tel-E-Dose"* 
packages of 100, available in trays of 4 reverse-numbered 
boxes of 25, and in boxes containing 10 strips of 10; 
Prescription Paks of 50, available in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
& Nutley, New Jersey 07110 
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(spironolactone) 












WARNING 
Spironolactone has been shown to be a 
tumorigen in chronic toxicity studies in rats 
(see Warnings). Aldactone should be used only 
in those conditions described under Indica- 
I 7 ^ atn use of this drug should be 
avoided. 












Indications: eed and treatment of primary 
hyperaldosteronism. Essential hypertension, edema of 
congestive heart failure and the nephrotic syndrome, when 
other measures are considered inappropriate. Cirrhosis of 
the liver accompanied by edema and/or ascites. 
Hypokalemia. 

Contraindications: Anuria, acute renal insufficiency, 
significant impairment of renal function, or hyperkalemia. 

Warnings: Excessive potassium intake may cause 
hyperkalemia. Potassium supplements should not be given 
with Aldactone. Do not administer concurrently with other 
potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in 
chronic toxicity studies in rats. In one study using 25, 75, 
and 250 times the usual daily human dose (2 mg. /kg.) there 
was a Statistically significant dose-related increase in be- 
nign adenomas of the thyroid and testes. In female rats 
there was a statistically significant increase in malignant 
mammary tumors at the mid-dose only. In male rats there 
was a dose-related increase in proliferative changes in the 
liver. At the highest dosage level (500 mg. /kg.) the range of 
effects included hepatocytomegaly hyperplastic nodules 
and hepatocellular carcinoma; the last was not statistically 
significant. 

Precautions: Patients should be carefully evaluated 
for possible disturbances of fluid and electrolyte balance. 
Hyperkalemia may occur in patients with impaired renal 
function or excessive potassium intake and can cause car- 
diac irregularities which may be fatal. Hyponatremia may 


. be caused or aggravated, especially when Aldactone is 


administered in combination with other diuretics. Transient 
elevation of BUN and/or mild acidosis may occur. Aldac- 
tone potentiates the effect of other diuretics or antihyper- 
tensive agents, particularly ganglionic blocking agents; 
therefore the dosage of such drugs should be reduced by at 
least 50 percent when adding Aldactone. Gynecomastia 
may develop and in rare instances some breast enlarge- 
ment may persist. Vascular responsiveness to norepi- 
nephrine may be reduced. 

Spironolactone may cross the placental barrier Use in 
pregnant women requires that the anticipated benefit be 
weighed against possible hazard to the fetus. Breast feed- 
ing Should be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not 
infrequently. Gastrointestinal symptoms including cramp- 
Ing and diarrhea, drowsiness, lethargy, headache, 
maculopapular or erythematous cutaneous eruptions, ur- 
ticaria, mental confusion, drug fever, ataxia, inability to 
achieve or maintain erection, irregular menses or 
amenorrhea, postmenopausal bleeding, hirsutism and 
d of the voice. Carcinoma of the breast has been 
reported but a cause-and-effect relationship has not been 
established. Adverse reactions are usually reversible upon 
discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for 
three to four weeks (long test), or for four days (short test). 
For preparation for surgery or for long-term maintenance 
therapy, 100 to 400 mg. daily 

For edema in adults: Initial daily dosage is 100 mg. in 
divided doses but may range from 25 to 200 mg. daily If 
after five days an adequate diuretic response has not oc- 
curred, a second diuretic which acts more proximally in the 
renal tubule may be added. The dosage of Aldactone 
oe remain unchanged when other diuretic therapy is 
added. 

For edema in children: Initial daily dosage should 
provide approximately 1.5 mg. per pound of body weight 
(3.3 mg./kg.) in divided doses. 

For essential hypertension: Initial adult daily dos- 
age of 50 to 100 mg. in divided doses, alone or with diuret- 
ics which act more proximally in the renal tubule, or with 
other antihypertensive agents. Continue treatment for at 
least two weeks since maximal response may not occur 
before this time. Adjust subsequent dosage according to 
patient response. 

For hypokalemia: 25 to 100 mg. daily in divided doses. 


SEAR Searle & Co. 
San Juan, Puerto Rico 00936 


Address medical inquiries to: 

G. D. Searle & Co. 

Medical Communications Department 
Box 5110, Chicago, Illinois 60680 
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The uncomplicator 
n CHFtherapy 


Aldactone, an effective diuretic in its own 
ght, also enhances the efficacy of other 
iuretic agents. 


The unique potassium-regulating 
nechanism of Aldactone can prevent hypo- 
alemia with limited risk of hyperkalemia. This 
jelps protect your patient from digitalis- 
duced arrhythmias. 
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Unlike other potassium-sparers, Aldactone 
pecifically antagonizes aldosterone, thereby 
nitigating secondary volume buildup. 


For these reasons, Aldactone is a valuable 
adjunct in the treatment of CHF 


Limitations to Consider: Spironolactone has 
een shown to be a tumorigen in chronic 
oxicity studies in rats. Thus, Aldactone should 
be prescribed only when other measures are 
onsidered inadequate or inappropriate. (See 
boxed warning and Warnings section of 
Aldactone prescribing information.) 


Before prescribing, please consult the complete 
rescribing information, a brief summary of which 
ppears on the preceding page. 


Searle & Co. 
EAR LE San Juan, Puerto Rico 00936 


"Round-the-house" edema, 
electrolyte washout, subtle 
secondary volume buildup 
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systems that break the 
Jitrasound barriers. 


x is making breakthroughs in echocardi- 
iraphy. Technological breakthroughs. 
eakthroughs that provide crisper images. 
dre diagnostic capability. Greater flexi- 

ity. And all at breakthrough prices. 


















x Phased Array Real Time Imaging System 


lamically focused 2-D sector scanner featuring unique 32 channel 
formance. Plus two sector-derived M-modes and a totally inde- 
dent M-mode. Compact, electronically steered, lightweight trans- 
ers. Optional heart sound/pulse and respiration module. Integral, 
anced design Sony? Beta format video cassette recorder. Simulta- 
us 2-D and M-mode black and white hard copy. And more 


« Cardio 80° Graphics Analyzer 


ractive quantitative analysis of two-dimensional images, M-mode 
ocardiograms and other cardiodiagnostic data. 2-D analysis from 
Jay screen video or hard copy. Immediate printout of results. User 
grammable for analysis of research and special applications data. 
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Irex System Il M-mode Echocardiograph 


Today's leading M-mode echocardiographic system. The Irex time- 
tested and proven black and white recorder. Versatile user-oriented 
controls. High-sensitivity, noise-free echo amplification. Additional 
multichannel capability for diagnostic phonocardiograms, external 
pulse waves and auxiliary inputs. Expandable for future applica- 
tions. All Irex innovations. And, yes, more. 











Technology. Innovative recording and display 
systems specifically designed for the cardiolo- 
gist. Flexible, highly sensitive echo amplifier. 

Dynamically focused phased array. Ultrahigh 

resolution. Microprocessor control. State-of-tht 
art, phased array transducers. Software updat 
ing. High-speed digital scan conversion. All Ire 
designed. All Irex built. So you get leading-ed¢ 
performance for improved diagnostic images. 


Versatility. Broadest range of cardiac diagnos 
tic capabilities in each Irex system. Highly flexi 
ble signal processing controls. So you can per 
form and analyze the study you want, the way 
you want to do it. 


Mobility. Compact, durable systems that go 
where you need them, when you need them. 


Commitment. The Irex commitment assures 
quality, reliability, continuing attention; prompt 
service from factory-trained Irex representa- 
tives; on-site training. So you get the most out ( 
your Irex system. 


Value. Irex systems give you features and 
sophistication that would cost you thousands 
more elsewhere. 

Breakthrough technology at breakthrough pric 
is what Irex echocardiography is all about. 
Return the coupon today for more ultra-excitin 
information. 


IREX Medical Systems / IREX International, In 
69 Spring Street, Ramsey, New Jersey 07446 
(201) 327-5990, Telex: 642 393 


IREX 


innovators in 
echocardiography 


IREX Medical Systems 
69 Spring Street, Ramsey, New Jersey 07446 


Please send information on: 

o Irex Phased Array Real Time Imaging System 
o Irex Cardio 80° Graphics Analyzer 

g Irex System || M-mode Echocardiograph 

g Please call to arrange an appointment. 


Name 





Institution 





Address. Eee eee 
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Central-Control of 
Blood Pressure" 


Alpha 
Stimulation 





e Alona 
Advantage: 


It’s for all kinds of hypertensives 


e Unlike beta blockers, Catapres* has no contraindications. 
e Catapres can be useful even in these patients with: 


Congestive heart failure Allergic rhinitis 

Ventricular hypertrophy Hepatic disease 
Hyperglycemia Hyperuricemia 

Diabetes mellitus Gouty arthritis 

Bronchial asthma Sulfonamide hypersensitivity 


Like any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


work/play —normal hemodynamic responses to exercise maintained. 


love — low incidence of impotence and/or loss of libido: 
2.8% in 1,923 patients studied.' 


cardiac output- tends to return to control values during long-term therapy. 
blood flow— preserved in kidney. 
No Single Advantage Determines Drug Choice. 
Other factors must include: 


The drug's effectiveness in a given patient, its 
side effects, warnings, precautions, tolerance, 
etc. A rational therapeutic choice depends on a 
careful assessment of all such factors. 


*Gentral alpha-adrenergic stimulation decreases sympathetic outflow trom 
Sea aS the brain. as shown in animal studies. 
ee Ri z. ^4. Data on file at Boehringer Ingelheim Ltd 
; Ege nF 
1 Please see last page for brief summary, including 
2 warnings, precautions, and adverse reactions. 
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The Alpha 


Advantage: 


It’s for all kinds 
of hypertensives 


Ca t Tablets of 0.1, 0.2,0.3 mg 


(clonidine HCl) 
Hypertension 





e No contraindications. 


e Effective in all degrees of hypertension. It is mild to 
moderate in potency. 


e Low incidence of depression, impotence, orthostatic 
hypotension—no fatal hepatotoxicity. 


e Preserves kidney blood flow. 


Most common side effects are dry mouth, drowsiness, 
and sedation which generally tend to diminish with time. 


The usual starting dose of Catapres is 0.1 mg at bre 
fast and 0.1 mg at bedtime. Some patients may ben 
from a starting dose of 0.1 mg at bedtime. 


Usual daily dose range—0.2—0.8 mg 


Maximum daily dose—2.4 mg 
Doses as high as this have rarely been employed. 


For optimal results, the dose of Catapres must be 
adjusted according to the patient's individual blood 
pressure response. 
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Catapres? 
(clonidine hydrochloride) 
Tablets of 0.1, 0.2, 0.3 mg 


Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in 
potency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 


Warnings: Tolerance may develop in some patients necessitating a reevaluation 
of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce the 
dose gradually over 2 to 4 days to avoid a possible rapid rise in blood pressure and 
associated subjective symptoms such as nervousness, agitation, and headache. 
Patients should be instructed not to discontinue therapy without consulting their 
physician. Rare instances of hypertensive encephalopathy and death have been 
recorded after cessation of clonidine hydrochloride therapy. A causal relationship 
has not been established in these cases. It has been demonstrated that an 
excessive rise in blood pressure, should it occur, can be reversed by resumption of 
clonidine hydrochloride therapy or by intravenous phentolamine. Patients who 
engage in potentially hazardous activities, such as operating machinery or driving, 
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In anesthetized open chest dogs, the effects of therapeutic doses of lid- 4 


ocaine on myocardial cell respiration, creatine kinase depletion, left 
ventricular stroke work and cardiac necrosis were assessed. The dogs 
were subjected to 40 minutes of occlusion of the left anterior descending 


coronary artery, followed by 5 hours of reperfusion. Group | (12 dogs) had | 


infusion of saline solution; group Il (8 dogs) had infusion of 0.2 mg/kg per — 


min of lidocaine (serum level 16.8 + 1.4 ug/ml); group Ill (5 dogs) had - 


infusion of 0.04 mg/kg per min of lidocaine (serum level 3.6 ug/ml). 


Ischemic regional myocardial blood flow (measured by 9 um spheres of 


strontium-85) was 6.34 + 1.62 ml/100 mg per min in group I, 1.48 + 0.59 


in group Il (p <0.05) and 1.32 + 0.50 in group Ill (p <0.05). Oxygen j 
consumed during conversion of adenosine diphosphate to adenosine tri- 
phosphate in mitochondria from control and lidocaine-treated ischemic 


tissue was depressed (p <0.05) and correlated (r = 0.63) with creatine 


kinase depletion. Left ventricular stroke work was not significantly dif- 


ferent among the three groups. Infarct size (in percent of left ventricular 


weight) was 12.6 + 2.0 for group I, 4.8 + 1.2 for group Il (p <0.01) and - t 


nist 


4.8 + 2.5 for group III (p <0.05). The data suggest that the reduction of — 


myocardial infarct size by lidocaine was not dependent on enhanced — 
myocardial blood flow and was independent of left ventricular stroke 


work. 


In the clinical setting of acute myocardial ischemia, preservation of viable 
myocardium is the major aim of any intervention, be it surgical revas- 


cularization,! medical reduction of myocardial oxygen utilization,? . 


stimulation of ischemic anaerobic glycolysis? or enhancement of sub- 


strate transport.^? Although the bioenergetics, pathophysiology and - 
ultrastructure of myocardial ischemia have been investigated extensively — 
during the past decade, the events that determine irreversible cell injury — 


still remain unknown. 


By depriving the myocardium of oxygen, ischemia hinders not only — 


efficient oxidation of substrates and energy production but also normal 


cellular and subcellular function, thereby particularly disrupting — 


membrane integrity® and electrolyte homeostasis.’ Considerable evi- 


dence suggests that the ultrastructural changes after ischemia are due — 
to an increase in permeability of cardiac cell membranes.® In addition, — 


cardiac mitochondria undergo morphologic, functional and ultrastruc- 


tural changes, either simultaneously with or shortly after irreversible — 


damage.’ An uncoupling of energy production and utilization has been 
proposed in acute ischemia.’ In view of depressed mechanical function 


in the presence of measurable energy-rich phosphates, perhaps a defi- — 


ciency exists in the transfer of adenosine triphosphate and creatine 


phosphate from mitochondria to their sites of utilization. After reper- — 


fusion of ischemic myocardium, changes in intracellular water and 
electrolytes are rapid and of significant magnitude; therefore, defects 
in the cell’s ability to regulate water and electrolyte homeostasis may 
be an important or even a primary event in the pathogenesis of irre- 
versible cell injury.® Increased permeability of cellular and subcellular 
membranes after myocardial ischemia has been demonstrated?-!! by 


December 1980 The American Journal of CARDIOLOGY Volume 46 967 


^ 


the use of tracer particles; by the release of intracellular 
enzymes; by an increased influx of sodium, chlorine, 
water and calcium; and by an increased efflux of po- 
tassium and magnesium. 

If alterations in membrane permeability are a major 
factor in myocardial damage after ischemic episodes, 
membrane-stabilizing agents may reduce this damage. 
Propranolol and corticosteroids, both membrane-sta- 
bilizing agents, are effective in myocardial ischemic 
protection.!? Verapamil,!? nifedipine!4 and diltiazem!? 
are all calcium channel antagonists and protect the 
ischemic myocardium. 'The precise role of the move- 
ment of calcium ions in the events that lead to irre- 
versible myocardial cell death has not been completely 
defined, although considerable data!6 show that calcium 
deposition is a fundamental component of myocardial 
cell necrosis. 

Local anesthetic agents have well documented 
membrane-stabilizing properties.!1^!8 Presumably 
through membrane expansion, these agents increase the 
resistance of erythrocytes and erythrocyte ghosts to 
- hypotonic hemolysis.1??? They decrease mitochondrial 
swelling by inhibition of phospholipase A and slow the 
_ flux of potassium and calcium across the mitochondrial 
membrane.?-2? Schaub et al.!? found that administra- 
tion of lidocaine resulted in significant preservation of 
myocardial ultrastructure after normothermic ischemic 
arrest in the dog. Lidocaine limited mitochondrial 
swelling, sarcomere fragmentation and glycogen de- 
pletion. Boudoulas et al.?? also found that lidocaine had 
a protective effect on the canine ischemic heart. This 
was associated with a negative inotropic effect on 
myocardial hemodynamic variables. 

Thus, the purpose of this investigation was to answer 
the following questions: (1) What effect does the ther- 
apeutic serum concentration of lidocaine have on via- 
bility of ischemic myocardium? and (2) If lidocaine is 
protective, by what mechanism is this achieved? 


Methods 


Experimental protocol: Twenty-five mongrel dogs (10 to 
14 kg body weight) were used: 12 control animals (group I), 
8 dogs that received large doses of lidocaine (group II), and 5 
that received small doses of lidocaine (group III). Each dog 
was anesthetized with thiamyl sodium (30 mg/kg body 
weight), and positive-pressure ventilation was maintained 
through an endotracheal tube. A left thoracotomy was per- 
formed through the fourth intercostal space. The thoracic 
contents were maintained at constant temperature with towels 
and by constant temperature of the environment. No radiant 
- heat was used to the open chest area. The heart was suspended 
in a pericardial cradle, and a reversible ligature was placed 
around the left anterior descending artery 1 cm from its origin 
at the left coronary artery. The 40 minute occlusion phase was 
followed by 5 hours of reperfusion. The ligature was released 
during a 2 minute period. Ten minutes before the animals 
were killed, 2.5 ml of 10 percent a-zurine blue dye was injected 
into the femoral vein. The myocardium was stained with tri- 
phenyltetrazolium chloride, as described by J. 'T. Lie (personal 
communication). 

The appropriate lidocaine concentrations were prepared 
in 500 ml of normal saline solution and infused continuously 
during a 340 minute period. Ten minutes before ligation, an- 
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imals in groups II and III received an intravenous lidocaine 
bolus injection of 2 mg/kg, followed in group II by infusion of 
0.2 mg/kg per min and in group III by infusion of 0.04 mg/kg 
per min during the occlusion and reperfusion phases. The 
control animals (group I) received a bolus injection of normal 
saline solution, followed by an infusion of normal saline so- 
lution throughout the experimental period. 

. Hemodynamic measurements: Instrumentation and 
placement of catheters were identical in all groups. In each 
preparation, a cannula (size 3F) was introduced into the in- 
ferior vena cava from the femoral vein, into the abdominal 
aorta from the femoral artery, into the left atrium from the 
atrial appendage, and into the left ventricle through the apex 
of the heart. The cannulas were connected to strain gauges, 
and recordings were made on a six channel Sanborn poly- 
graph. Cardiac output was measured by the indocyanine green 
dye method, with recording of curves and computation of 
cardiac outputs on a Waters Instrument cardiac output 
computer. Hemodynamic variables (including aortic, left atrial 
and left ventricular pressures, first derivative of ventricular 
pressure [dP/dt] and cardiac output) were measured during 
coronary occlusion at 5, 20 and 40 minutes and during reper- 
fusion at 5, 15, 30, 60, 120, 180, 240 and 300 minutes. Left 
ventricular stroke work was defined as the product of mean 
left ventricular systolic pressure and stroke volume. Arterial 
oxygen saturation was maintained at more than 90 percent 
by varying the respiratory rate, total volume and inspired 
oxygen concentration. The arterial pH was maintained be- 
tween 7.3 and 7.4. 

Mitochondrial studies: Isolation of cardiac mitochondria 
in our laboratory has previously been described.?4 The average 
yields of mitochondrial protein were significantly lower in the 
ischemic perfused myocardium, reflecting disruption of mi- 
tochondria concomitant with cell necrosis. The mitochondrial 
yields (mg/g of myocardium) from the ischemic samples were 
similar among the three groups: mean + standard error of the 
mean 0.9 + 0.3 in group I, 0.7 + 0.3 in group II, and 0.8 + 0.2 
in group III, and 1.3 + 0.4, 1.2 + 0.3, and 1.4 + 0.1, respectively, 
in the samples from normal myocardium. 

The indexes of oxidative phosphorylation, as defined by 
Chance and Williams,”° were characterized polarographically 
by the method modified from Sordahl et al.?9 The oxidative 
indexes were defined as follows: ADP:O = nmol of adenosine 
diphosphate (ADP) phosphorylated per natom of oxygen 
consumed; state 3 respiration — the rate of oxygen con- 
sumption during ADP phosphorylation; state 4 (the resting 
state) = rate of oxygen consumption after completion of ADP 
phosphorylation; and respiratory control index (RCI) = the 
ratio of state 3 to state 4 oxygen consumption (“tightness” of 
coupling of oxidation to phosphorylation). Although all in- 
dexes were determined, only the results of state 3 respiration 
will be given here because this index is the most sensitive to 
ischemic change. 

Creatine kinase: Depletion of creatine kinase was esti- 
mated, as described by Kuby et al.?? The specimens were 
placed in a homogenizing medium used for analysis of creatine 
kinase (0.25 mol/liter of sucrose in solution with 0.001 mol/ 
liter of ethylenediaminetetraacetic acid [EDTA] sodium), 
homogenized in a Polytron homogenizer, and centrifuged in 
a Sorvall refrigerated centrifuge at a speed of 17,000 rpm for 
10 minutes. Creatine kinase analysis was done on the super- 
natant. An aliquot was taken from the homogenized sample 
for the estimation of blood flow (see later) by analyzing the 
radioactivity in a well scintillation counter. 

Myocardial blood flow: Myocardial blood flow was esti- 
mated 20 minutes after occlusion of the left anterior de- 
scending artery using strontium-85 microspheres. The mi- 
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FIGURE 1. Gross and histologic sections of myocardium. Upper left, heart stained 
in vivo with a@-zurine blue, demonstrating normal nonischemic myocardium. Non- 
ischemic myocardium is colored blue. In border zones of hyperemia, a green stain 
is present. Infarcted nonperfused areas are red. These findings were confirmed by 
histologic study. Lower left, heart stained in vitro by triphenyltetrazolium chloride. 
The a-zurine blue disappears during the triphenyltetrazolium chloride staining. The 
nonischemic tissue stains red, and the pale tissue is necrotic. Above, section obtained 
from necrotic area of heart. Early necrosis with neutrophil infiltrate is seen. (Hema- 
toxylin-eosin X 100, reduced by 20 percent.) 
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crospheres were placed under the ultrasonic beam for 30 
minutes, then vigorously shaken by hand before injection. A 
polyvinyl catheter was placed in the left atrium through its 
appendage for the injection of the labeled microspheres, and 
another catheter was positioned in the femoral artery for the 
simultaneous withdrawal of reference blood samples.?8-30 
Fifteen minutes after occlusion, 0.8 ml of solution containing 
the microspheres (8 to 10 um in diameter, 3M Company, St. 
Paul, Minnesota) was injected into the left atrium during a 
period of 15 seconds. The catheter was flushed with 10 ml of 
normal saline solution during the next 15 seconds. Com- 
mencing 15 seconds before injection, blood was withdrawn 
from the femoral artery at a constant rate of 10 ml/min for 2 
minutes. Myocardial blood flow (MBF) was calculated as 
follows: MBF (ml/g per min) = Reference blood flow (RBF) 
X 5 minute counts of 1 g of myocardium/Total RBF counts 
for 5 minutes, in which RBF = blood withdrawn from the 
femoral artery after injection of microspheres. 

Estimation of infarct size: Several methods can be used 
in the experimental model for the histologic confirmation of 
cell necrosis. Kjekshus and Sobel!? related total left ventric- 
ular depletion of creatine kinase to infarct size, expressed as 
a percent of left ventricular weight. Maroko et al.® related 
regional myocardial blood flow at 15 minutes after the ligation 
to creatine kinase depletion at 24 hours. J. T. Lie (personal 
communication) confirmed triphenyltetrazolium chloride 
myocardial stain as an in vitro marker of cell necrosis. We 
utilized similar methods. Triphenyltetrazolium chloride is a 
surface stain, and myocardial infarction is never homogeneous. 
"Toovercome this variable, an in vivo stain, a-zurine blue, was 

used to demarcate normal and necrotic tissue.?9.3.32 Intra- 
venously in vivo injected o-zurine blue stains all perfused 
tissue an intense blue color (Fig. 1). Nonperfused necrotic 
tissue is unstained. A bolus injection of 2.5 ml of 10 percent 
solution of a-zurine blue was injected into the femoral vein 
5 minutes before the animals were killed. This had no effect 
on hemodynamic variables. The excised myocardium was cut 
into slices of 0.5 cm thickness from apex to base and was 
macroscopically examined. The unstained and grossly necrotic 
tissue was separated from the stained normal myocardium by 
careful dissection along the blue border. Unstained tissue 
extending into the right ventricle was discarded. 

In each heart with the left anterior descending artery li- 
gated, the dye failed to penetrate the subendocardial layers 
and, to a various extent, the mid wall and sometimes even the 
epicardial layers. Because the absence of patent vessels ap- 
parently did not allow the dye to enter, absence of stain in this 
region was considered to indicate gross necrosis; this conclu- 
sion was supported by histologic examination (Fig. 1). A 
sample was obtained from the apparent center of the un- 
stained region. This tissue sample, as well as a sample of 
normally perfused tissue from the posterior base of the left 
ventricle, was homogenized and assessed for its content of 
creatine kinase activity and mitochondrial function. Regional 
myocardial blood flow was estimated from an aliquot of this 
homogenized tissue. However, even in samples from the ap- 
parent center of the ischemic region, small amounts of nor- 
mally perfused myocardium were found. This admixture of 
tissue can average up to 2.4 percent of the tissue of the sam- 
ple.?? Because of the tissue admixture at the border zone, this 
necessitated the use of triphenyltetrazolium chloride as an 
additional marker of cell death. The nonstained necrotic tissue 
and nonischemic blue-stained tissue were weighed. 'T'here was 
excellent correlation between the two stains. 

Specimens were selected for histologic confirmation of cell 
necrosis. Tissue for histologic examination was processed and 
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stained with hematoxylin-eosin and with Mallory-Heidenhain 
trichrome and was reviewed by one of us (W.D.E.), who had 
no knowledge from which group the specimen was obtained. 
In areas of discrepancy, in particular at the border zone, de- 
pletion of tissue creatine kinase was assayed, and if the cre- 
atine depletion was consistent with the infarcted area, this was 
added to the infarct weight. This method of dual staining al- 
lows accurate sampling of tissue and, when supplemented with 
estimation of tissue creatine kinase, excludes noninfarcted 
tissue from the estimation of infarct size. 

Statistical analysis: All data were subjected to statistical 
analysis by computing mean and standard error. Paired 
Student's t tests for significant comparison were performed 
relative to the preocclusion control data and between mea- 
surements performed during occlusion and the reperfusion 
period. Data from individual experiments were studied in 
addition to the statistical mean trends. Data were considered 
significantly different when the probability (p) values were 
less than 0.05. 


Results 


All 25 dogs survived the ligation period, and 23 dogs 
survived the 5 hours of reperfusion. One dog treated 
with large doses of lidocaine and one control dog died 
with cardiogenic shock (that is, with a persistent re- 
duction of more than 30 percent in both cardiac output 
and arterial systolic pressure 2 and 3 hours, respectively, 
after reperfusion). Data on these dogs were excluded 
from the results. 

Infarct size: The infarcted tissue was expressed as 
a percent of total left ventricular weight. The amounts 
of infarcted tissue (in percent) were 12.6 + 2.0 in group 
I, 4.8 + 1.2 in group II (p <0.02) and 4.8 + 2.5 in group 
III (p «0.05). Lidocaine produced an almost three-fold 
reduction in infarct size. Among the lidocaine-treated 
dogs, 1 (8 percent) had a myocardial infarct greater than 
8.5 percent of the left ventricular weight, compared with 
8 dogs (73 percent) in the control group. In the control 
group, 5 dogs (44 percent) had an infarct greater than 
15 percent of left ventricular weight, compared with 
none for the lidocaine-treated groups. 

Serum lidocaine levels: The mean serum concen- 
tration (ug/ml) of lidocaine 3 hours after reperfusion 
was 14.5 + 2.2 in group II and 3.3 + 0.6 in group III; the 
5 hour value was 16.8 + 2.0 in group II and 3.9 + 1.2 in 
group III. The lidocaine serum levels were 3.8 ug/ml 
immediately after a 2 mg/kg bolus injection and 1.3 
ug/ml 10 minutes after the same bolus injection. The 
bolus dose had no significant effect on preocclusion 
coronary hemodynamics. 

Cardiac arrhythmia: Transient arrhythmias were 
most common during the occlusion phase and, in par- 
ticular, immediately after reperfusion. Persistent su- 
praventricular tachyarrhythmias were uncommon in 
all groups. However, ventricular premature systoles and 
ventricular tachyarrhythmias were most common in the 
control group. Sudden reperfusion is a potent method 
to induce malignant arrhythmias. Atrioventricular 
dissociation with a slow ventricular pacemaker was 
noted in two dogs in the group treated with large doses 
of lidocaine; in both groups, the episodes occurred 
during the last hour of reperfusion. 
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Hemodynamics: Data regarding cardiac rate, dP/dt 
and stroke work are given in Figure 2. 

Mean aortic pressure: At the end of 40 minutes of 
occlusion, the mean aortic pressure was reduced below 
the preocclusion control level to an average of 30, 26 and 
25 percent, respectively, in the three groups. Reperfu- 
sion caused a further respective reduction of 30, 55 and 
27 percent. Mean aortic pressure was significantly lower 
in group II than in groups I and III after 3 1/2 hours of 
reperfusion. 

Left ventricular end-diastolic pressure: The left 
ventricular end-diastolic pressure in the group treated 
with large doses of lidocaine was significantly greater 
than that in the control group at 240 and 300 minutes 
of reperfusion. 

Maximal rate of rise of left ventricular pressure 
(dP/dt): This index decreased acutely during occlusion 
in all groups. At the end of reperfusion, maximal left 
ventricular dP/dt was significantly lower in the group 
treated with larger doses of lidocaine than in groups I 
and III at 30, 50, 120, 180, 240 and 300 minutes of re- 
perfusion. 

Left ventricular stroke work: Coronary occlusion 
caused a decrease of 36 to 61 percent in left ventricular 
stroke work in all dogs. During reperfusion, stroke work 
continued to decrease in all three groups, but there were 
no significant differences among the three groups during 
either the occlusion or the reperfusion phase. 

State 3 respiration: In the three groups, the mean 
state 3 respiratory rate in the ischemic reperfused en- 
docardium was significantly less than in the nonisch- 
emic myocardium with either glutamate or succinate- 
rotenone as substrate. The percent of depression in state 
3 respiration in the ischemic myocardium with gluta- 
mate as substrate was 73 percent in both groups I and 
II and 53 percent in group III (Table I). 

State 3 respiratory indexes with succinate-rotenone 
as substrate paralleled those with glutamate as sub- 
strate. Small dose lidocaine (in group III) was associated 
with a higher state 3 respiratory rate with use of both 
substrates after 40 minutes of ischemic occlusion and 
5 hours of reperfusion, but because of the great vari- 
ability in the rates the difference was not significant. 

Effect of reperfusion on mitochondrial function: 
State 3 respiratory functions in reperfused and non- 
reperfused ischemic and nonischemic endocardium in 


TABLE I 


State 3 Respiratory Rates* in Myocardium Using Glutamate 
as Substrate 





Group! Group |i Group lll 
180+ 13 160 X 13 150 8 
48.3 + 13 43.6 € 9 71.3431 
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oxygen/mg protein per min. 
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FIGURE 2. Hemodynamic variables. Data points are not shown; only 
regression lines (A%) are present. Top, heart rate in group | (control), - 
group II (large dose lidocaine) and group III (small dose lidocaine). The | 
percent change is from the control rate (that is, the rate before occlusion — 
[vertical arrow] of the left anterior descending coronary artery). The - 
heart rate in group Il was significantly (p <0.05) different from that in 
the control group. Middle, first derivative of left ventricular pressure - 
(dP/dt) expressed as percent change from the value obtained before | 
occlusion of the left anterior descending coronary artery. Values in the 
dogs treated with large dose lidocaine (group Il) were significantly (p 
« 0.05) different from those in the control dogs (group |). No significant | 
difference was found between the control group and dogs treated with — 
small dose lidocaine (group Ill). Bottom, left ventricular stroke work (left 
ventricular mean pressure X stroke volume) expressed as percent of 
preocclusion value. No significant differences were found among the | 
three groups. 
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FIGURE 3. Oxygen consumption of mitochondria after the addition of adenosine diphosphate (state 3, glutamate substrate) expressed in natoms 
oxygen/mg per min plotted against myocardial creatine kinase (30° C incubation) in the same biopsy specimen obtained from control nonischemic 
and ischemic tissue and from lidocaine-treated nonischemic and ischemic tissue. A significant relation was found between state 3 respiration and 
myocardial creatine kinase in both ischemic and nonischemic tissue. Note the significant difference (p <0.001) between the creatine kinase values 
from ischemic tissue (open circle and square) and the values from nonischemic tissues (closed circle and square). 


the control and lidocaine-treated dogs are given in Table 
I. With glutamate as substrate, the state 3 respiratory 
tate for normal endocardium in our laboratory is 170 + 
20 natoms oxygen/mg per min. 

Reperfusion for 5 hours had a further deleterious 
effect on the respiratory function in all groups, with a 
reduction of 21 percent in state 3 respiratory function 
in the control group and of 44 percent in the group 
treated with large dose lidocaine. Five hours of reper- 
fusion after 40 minutes of ligation did not improve state 
3 respiratory function with or without lidocaine. 

Relation between creatine kinase and state 3 
mitochondrial respiration: A linear relation was 
found between state 3 respiratory function and creatine 
kinase level in the myocardium. This was true for both 
ischemic and nonischemic myocardium with and 
without lidocaine infusion (Fig. 3). The creatine kinase 
levels in normal and necrotic tissues were similar in the 
three groups, 50 and 36 umol, respectively, of inorganic 
phosphorus/min per g of myocardium at 30? C. 





TABLE Il 
Regional Myocardial Blood Flow* 
Tissue Group ! Group II Group III 
Normal 98.85 + 13.08 110.8 + 12.92 880+ 16.7 
Ischemic 6.40 + 1.7 1.48 + 0.006 — 1.32 +4 0.008 


* Mean + standard error of the mean, measured in ml/min per 100 
g of tissue; normal range 80 to 160. A reduction of 90 percent or more 
in normal myocardial blood flow in the ischemic region was achieved 
in all groups. 


Creatine kinase levels in tissues from the centers of 
necrotic zones were significantly (p <0.001) lower than 
levels in nonischemic tissue. Because the creatine kinase 
concentrations were measured in the centers of the 
necrotic zones, no difference was found between the 
control and lidocaine-treated dogs. 

Regional myocardial blood flow: Data regarding 
regional blood flow are given in Table II. 


Discussion 


Various pharmaceutical preparations have been cited 
in recent years as reducing the acute effects of ischemia 
on the myocardium. Although the electrophysiologic 
effects of lidocaine have been thoroughly investigated, 
this drug's effect on ischemic cell viability has until re- 
cently received little attention. 

Determinants of extent of myocardial necrosis: 
In severe acute myocardial ischemia, cell death occurs 
earliest in the subendocardial zone, and about one half 
of the ischemic myocardium that is necrotic at 24 hours 
has already died by 40 minutes.*4 Cell death occurs more 
slowly in the mid myocardium and subepicardium, so 
that on the average about half of the ischemic myocar- 
dium at risk is still salvageable at 40 minutes. Inter- 
ventions for the salvaging of these jeopardized ischemic 
myocardial cells, when they are still in the reversibly 
injured phase, can decrease the size of the infarct. Pre- 
vious techniques using electrocardiographic variables 
as an index of myocardial protection have become a 
subject of some controversy.35-4? Regional myocardial 
blood flow after coronary occlusion is a reliable predictor 
of later cell death.*!-4? A close relation exists between 
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the ischemic level of blood flow and the subsequent 
depletion of creatine kinase 24 hours after occlusion in 
the transmural tissue samples from the ischemic region, 
as well as in the samples from the subendocardial and 
subepicardial halves.*? This finding suggests that the 
initial residual perfusion of the ischemic region is a 
major determinant of the subsequent extent of myo- 
cardial necrosis and emphasizes that the tissue flow 
existing early after occlusion is the primary determinant 
of the ultimately emerging infarct size.^?? 

Lidocaine for preservation of ischemic myocar- 
dium: Previous investigations have suggested that lid- 
ocaine may have a salutary effect on myocardial cell 
preservation.??44 Although the specific mechanisms of 
the action of local anesthetic agents are unknown, it is 
generally accepted that an interaction of the drugs with 
some component of the cell membrane is in- 
volved.2145-5!1 Local anesthetic agents may affect a 
specific site on the mitochondrial membrane involved 
in potassium transport, inhibiting potassium efflux as 
well as the calcium-hydrogen exchange. Injury to isch- 
emic tissue is associated with extreme changes in in- 
tracellular ionic concentration.9525? The rapidity and 
magnitude of changes in water and electrolytes of in- 
jured myocardium suggest that defects in the sarco- 
lemmal membrane may be of primary importance in the 
pathogenesis of irreversible cell injury. Fifteen minutes 
of ischemic occlusion, a reversible insult, causes only a 
slight increase in intracellular sodium content. This 
alteration is in marked contrast to the changes after an 
irreversible ischemic insult of 40 minutes. These isch- 
emic myocardial cells after 2 minutes of reperfusion 
manifest an increase of 40 percent in intracellular so- 
dium and chloride content and an increase of 100 per- 
cent in intracellular calcium content. Concomitant with 
these changes is the efflux of potassium and magne- 
sium. Local anesthetic agents stabilize the electro- 
physiologic cell membrane, thereby maintaining ionic 
homeostasis, and this may decrease the pathologic 
electrolyte changes caused by ischemia and may provide 
a milieu that is more supportive for the viability of 
jeopardized ischemic myocardial cells. 

Mechanisms of lidocaine's beneficial effect: 
These experiments demonstrated a decrease in mito- 
chondrial state 3 respiratory rate after 40 minutes of 
ligation of the left anterior descending coronary artery, 
followed by 5 hours of reperfusion. The amount of ne- 
crosis in the ischemic tissue in the groups treated with 
lidocaine was only one third of that in the control group, 
even though the lidocaine-treated groups had slightly 
less myocardial blood flow. Creatine kinase depletion 
in the ischemic areas was not significantly different in 
the three groups, because the creatine kinase determi- 
nations were obtained from the centers of the infarcts. 
'The linear relation of state 3 mitochondrial function to 
creatine kinase depletion relates oxidative phos- 
phorylation to the creatine kinase concentration in 
myocardial ischemic tissue. 

In all groups, the hemodynamic variables failed to 
return to the preischemic level after 5 hours of reper- 


fusion of the ligated artery. Highly toxic concentrations 


of lidocaine further depressed hemodynamic variables. 


The dose utilized (16.8 ug/ml) was five times greater 
than the normal dose used in clinical application. This 
large dose was administered to assess whether lidocaine 


protection of the ischemic myocardial cell was due toa . 


negative inotropic effect. This large dose would also 


^ 


decrease myocardial oxygen consumption. Previous ~ 


work23:54 suggested that this reduction of oxygen utili- 
zation was the mechanism of myocardial preservation 
by lidocaine. However, our data do not support this 
conclusion, because in the small dose group there was 
a similar salutary effect on myocardial cell viability 
without depression of myocardial work. 

The lowest mean level of regional myocardial blood 
flow was in the lidocaine-treated groups, that in group 


III being the lowest. Because the initial residual per- - | 
fusion of the ischemic region is a major determinant of 


the subsequent extent of myocardial necrosis, the lid- 
ocaine-treated groups would have been expected to have 
the more extensive tissue necrosis. Lidocaine had a 
beneficial effect on myocardial preservation in a ther- 
apeutic serum concentration despite a lower level of 
regional myocardial blood flow. The mechanism of tis- 
sue preservation by lidocaine was not by negative ino- 
tropism or by a significant improvement of cardiac 


rhythm in these experiments. Local anesthetic inhibi- — 


tion of membrane electrolyte flux, in particular that of 


potassium and calcium, may offset the increased per- - 


meability of the ischemic myocardial cell and, in some ~ 
manner, produce a milieu that is more appropriate to © 


ischemic myocardial cell preservation. Lidocaine may - 


be beneficial not only in its antiarrhythmic effect but —— 


also in its salutary effect on myocardial cell preserva- 
tion. 

Clinical implications: Pretreatment with lidocaine 
is not needed to decrease infarct size?? or to permit 


lidocaine to reach the ischemic zone.96 Boudoulas et al29 _ 


infused lidocaine 30 minutes after ligation of the left 
anterior descending artery, and this had a significant 


beneficial effect in decreasing ischemic injury in dogs. _ 


They also reported a reduction in the sum of S-T ele- 
vation in patients with anterior myocardial infarction. 
These patients were not pretreated with lidocaine. 
Moreover, pretreatment is not necessary for lidocaine 
to reach the ischemic zone. As reported by Weintraub 
et al.,59 carbon-14-labeled lidocaine infused after liga- 


tion of the left anterior descending artery diffused into — 
the ischemic zone. Lidocaine was concentrated 2.2-fold 
relative to ischemic myocardial blood flow, whereas in © 
the nonischemic zone lidocaine was concentrated — 


equivalent to myocardial blood flow. The tissue con- 
centration of lidocaine was higher in the ischemic en- 
docardium than in the ischemic epicardium, suggesting 
diffusion of lidocaine from cavitary blood to endocar- 
dium in the ischemic zone. Thus, lidocaine therapy for 
preservation of ischemic myocardial cells could poten- 
tially be given to patients who have acute coronary in- 


sufficiency before or early in the course of myocardial _ 


infarction. 
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This study compared the noninvasive assessment of left ventricular 
function with radionuclide angiography with that obtained with ultrasonic 
sonomicrometry. Left ventricular ejection fraction and rate of ventricular 
ejection (dV/dt) were measured with both techniques over a wide range 
of ventricular function. Six dogs were prepared with epicardial crystals 
across the major and minor axes of the left ventricle, paired transmural 
wall thickness crystals and a left ventricular catheter. The animals were 
studied while awake after they had recovered from operation. Left ven- 
tricular volume was calculated from the ultrasonic sonomicrometric di- 
mension measurements and the equation for a prolate ellipsoid; dV/dt was 
calculated from the stroke volume and ejection time. Radionuclide an- 
giograms were performed using technetium-99m-labeled red blood cells 
and an Anger camera with a converging collimator interfaced to a com- 
puter programmed for multigated acquisition. 

A wide range of ventricular function was produced with sequential 
infusion of isoproterenol, propranolol, phenylephrine and sodium thiamylal. 
Ejection fraction and dV/dt were measured simultaneously during each 
intervention using the time-activity curves of the multigated radionuclide 
angiogram and ultrasonic sonomicrometric dimensions. Regression 
analyses demonstrated a close correlation between the simultaneous 
measurements of ejection fraction (r values ranged from 0.95 to 0.99) 
and dV/dt (r values ranged from 0.87 to 0.99). These data indicate that 
noninvasive multigated radionuclide angiography accurately assesses 
changes in ejection fraction and dV/dt over a wide range of ventricular 
function. 


Multigated radionuclide angiography is a widely used technique for 
noninvasively assessing left ventricular function. Appropriate use of this 
technique to evaluate sequential changes in ventricular function requires 
that it be validated with respect to accuracy and reproducibility. Pre-: 
vious studies! have compared radionuclide and contrast angiographic 
measurements of ejection fraction in groups of patients and have re- 
ported correlation coefficients ranging from 0.80 to 0.97. The potential 
limitations of such studies include the inability to record measurements 
simultaneously, the direct effects of contrast material on ventricular 
function, and the inability to perform serial measurements or assess a 
wide range of ventricular function in the same patient. 

This study compared indirect noninvasive measurements of ven- 
tricular function with radionuclide angiography with measurements of 
left ventricular dimension using ultrasonic sonomicrometry. The ul- 
trasonic sonomicrometric technique has the advantage of providing 
precise direct measurements of ventricular dimensions that can be ob- 
tained in a continuous beat to beat fashion." These techniques provided 
repeated simultaneous measurements over a wide range of ventricular 
function in each animal. i 
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Methods 


Experimental Preparation (Fig. 1) 


Sonomicrometric system: Six mongrel dogs weighing 
between 20 and 40 kg were anesthetized with sodium thi- 
amylal (30 to 40 mg/kg body weight) and underwent left lat- 
eral thoracotomy. A 3 mm polyvinyl chloride catheter filled 
with heparin was inserted into the left ventricular cavity 
through a stab wound through the apex of the heart. T'wo 5 
mm piezoelectric epicardial ultrasonic dimension transducers 


were sutured across the minor axis of the heart, one to the : 


anterior free wall of the left ventricle and the other to the 
posterior free wall midway between the apex and the base of 
the heart. Two additional dimension transducers were sutured 
across the major axis of the heart, one to the epicardium at the 
apical dimple and the other to the base of the heart in the 
groove between the left sinus of Valsalva and the left atrium, 
overlying the fibrous continuity between the aortic and mitral 
valves. Left ventricular anterior wall thickness was measured 
by passing an ultrasonic crystal, 2 mm in diameter, through 
the myocardium to the depth of the endocardium. A second 
transducer was then sutured to the epicardium directly over 
the endocardial crystal. The chest incision was then closed and 
the catheter and wires tunneled to a dorsal subcutaneous 
pouch at the base of the neck. The animals were allowed to 
recover for 7 to 10 days before being studied. 

On the morning of the study, each animal was given 10 to 
20 mg of morphine sulfate intramuscularly and was studied 
while lying loosely restrained on its right side. The subcuta- 
neous pouch was infiltrated with 1 percent lidocaine hydro- 
chloride and the catheter and wire leads were brought out 
through a small incision. The left ventricular pressure catheter 
was connected to a Statham P23Db transducer (Statham 
Instruments, Inc., Oxnard, California), and the zero reference 
was taken at the mid chest level. The three pairs of ultrasonic 
pulse transducers were connected to a sonomicrometer. The 
system converts the transit time of a pulse of ultrasound be- 





FIGURE 1. Drawing of the surgical preparation. Ultrasonic transducers 
are positioned to measure left ventricular major and minor axis diam- 
eters and wall thickness. The apical catheter is inserted to measure 
left ventricular pressure. 





tween two piezoelectric transducers into an analog signal. 
Because the velocity of sound in body tissues and blood is 
constant, the measured transit time is directly proportional 
to the distance between the transducers. The sonomicrometer 
was calibrated by substituting an electronically generated time 
delay into the circuitry. Each channel of the sonomicrometer 
was pulsed sequentially to eliminate cross interference. The 
measured electronic drift was less than 0.05 mm/hour, and the 
relation between crystal separation and voltage output was 
linear over the ranges encountered in this study. The minimal 
resolution of the sonomicrometer-transducer system of 0.05. 
mm provided data for very precise dimension measure- 
ments. 

Radionuclide angiography: Multigated radionuclide 
angiograms were recorded after red cells were labeled in vivo 
with 30 millicuries (mCi) of technetium-99m using the method 
of Pavel et al.8 Radionuclide angiograms were acquired using 
a Searle L.E.M. mobile scintillation camera with a converging 
collimator and an R wave triggered gate interfaced to a 
Medical Data Systems PAD computer. Studies were acquired 
in histogram mode in a 32 by 32 matrix of 56 frames of 50,000 
counts each. Studies were acquired in sequential pairs. 

Studies were first carried out in dogs not included in the 
present analysis to determine the imaging position for optimal 
separation of the left ventricular chamber from surrounding 
structures. Radioactive markers were sutured to the left 
atrioventricular ring in the anterior, lateral and inferior por- 
tions. Images were recorded before and after labeling of the 
blood pool. The ventral position with slight caudal tilt and the 
collimator parallel to the frontal plane produced optimal left 
ventricular separation. With this degree of caudal tilt the 
lower portion of the left atrium overlays the upper one-fourth 
of the left ventricular image (Fig. 2). 

Protocol: A wide range of left ventricular function was 
produced by sequential infusion of isoproterenol 2 to 6 ug/min, 
propranolol 0.8 to 1.0 mg/kg, phenylephrine 100 to 200 ug/min, 
and finally increasing doses of sodium thiamylal to severely 
depress function in each dog. Ultrasonic dimensions, left 
ventricular pressure and heart rate were recorded contin- 
uously during the study. During each intervention simulta- 
neous radionuclide angiograms and dimension measurements 





FIGURE 2. Photograph of the radionuclide cardiac image in the anterior 
projection with slight caudal tilt. BG = background; LV = left ventricle; 
RV = right ventricle. 
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were obtained, and most measurements were obtained in 
duplicate. This resulted in 7 to 14 data acquisitions for each 
animal. At the end of the study each animal was killed, the 
heart was removed and the six ultrasonic transducers were 
checked to assure correct positioning. 

Ejection fraction measurements as a function of time: 
Additional studies were performed in a separate group of dogs 
that were not subjected to operation to determine the vari- 
ability of the ejection fraction in intact dogs as a function of 
time. Radionuclide angiograms were recorded a minimum of 
7 days apart in a group of 10 dogs. Two to three radionuclide 
angiograms were recorded in each dog in the same manner as 
previously described. The animals were studied in the awake 
state; no sedation was used. 


Data Analysis 


Radionuclide angiography: The multigated radionuclide 
studies were interpolated into a 64 by 64 matrix and adjacent 
frames were added to produce 28 frame studies of 100,000 
counts/frame. Left ventricular ejection fraction was evaluated 
using a varying region of interest technique. Regions were 
assigned using an operator-assisted semiautomatic edge de- 
tection program (MUGE). This program was used to assign 
a region of interest to describe the left ventricle for each frame 
of the study. Analysis of counts in each region allows the 
construction of a time-activity curve and determination of the 
ejection fraction and rate of ventricular ejection (dV/dt). The 
volume curve was corrected for background by subtracting 
average background counts/pixel in each region for each frame 
of the curve. Average background was determined by using 
a light pen to assign a region of interest adjacent to and infe- 
riorly and laterally to the end-systolic left ventricular region 
of interest, taking care to exclude the liver and descending 
aorta (Fig. 2). The background region was approximately 2 
pixels lateral to the ventricular region of interest and was 2 
to 3 pixels wide. End-diastole (ED) and end-systole (ES) were 
determined from the peak and trough of the time-activity 
curve, respectively. 

Ejection fraction (EF) was calculated by the formula: EF 
= (End-diastolic counts — background) — (End-systolic 
counts — background)/(End-diastolic counts — back- 
ground). 
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Average dV/dt was calculated by the first derivative of the 
volume curve using the formula: 


ES 

f. | VOdt 

dV 
ES — ED 


counts/EDV 


where V'(t) — the first derivative of the volume curve; ES and 
ED = the time after the R wave of end-systole and end-dias- 
tole, respectively; and counts/EDV - counts/end-diastolic 
volume. ES — ED represents the left ventricular ejection time. 
Because the absolute volume of the left ventricle was not de- 
termined with gated angiography in these experiments, dV/dt 
can not be expressed in cc/s. However, dV/dt can be expressed 
as a function of the end-diastolic volume by normalization 
with the counts/end-diastolic volume. The resulting units are 
EDV/s. Peterson et al.? observed that mean normalized sys- 
tolic ejection rate expressed as EDV/s was useful for differ- 
entiating patients with normal and abnormal ventricular 
function. Hammermeister,et al.!° concluded that correcting 
dV/dt for different end-diastolic volumes improved the index 
as a descriptor of ventricular function. 

Sonomicrometry: A representative analog recording of left 
ventricular pressure and ultrasonic dimensions is shown in 
Figure 3. Left ventricular major axis, minor axis, and wall 
thickness dimensions were determined at end-diastole and 
end-systole. End-diastole and end-systole were determined 
from the left ventricular pressure tracing and the configura- 
tion of the dimension recordings. At least 10 consecutive beats 
were used to measure systolic and diastolic dimensions for 
each acquisition. The geometry of the left ventricle was as- 
sumed to be that of a prolate ellipsoidal shell. 

Previous studies have demonstrated that calculations of 
ventricular volume from the prolate ellipsoidal model and 
sonomicrometric dimension measurements were comparable 
with postmortem measurements of volume and measurements 
of stroke volume using aortic flow probes.!! The internal 
volume of the left ventricle was calculated at end-systole and 
end-diastole using the formula: V = r + 6 (b — 2h)? (a — 1.1h), 
where b = the external minor axis diameter; h = the equatorial 
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FIGURE 3. Analog recording of the ul- 
trasonic dimension measurements and 
left ventricular (LV) pressure. EKG = 
electrocardiogram. 
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wall thickness; and a = the external major axis diameter. 
Ejection fraction was calculated by dividing stroke volume by 
end-diastolic volume. The average dV/dt for the cardiac cycle 
was calculated by dividing the stroke volume, obtained from 
the end-diastolic and end-systolic volumes, by the ejection 
time. This value was normalized for the end-diastolic volume 
(EDV) of each measurement and expressed in units of EDV/s 
for comparison with the radionuclide data. 

The radionuclide angiographic and sonomicrometric 
measurements were determined independently by investi- 
gators who were unaware of each other’s results. 


Results 


Degree of alteration of ventricular function: The 
ranges of ejection fraction and rate of ventricular ejec- 
tion (dV/dt) produced by the various drug interventions 
in each dog are listed in Table I. Comparisons were 
made over a wide range of ejection fraction and dV/dt 
in each animal. The average ejection fraction ranged 
from 19 to 48 percent with sonomicrometry and from 
30 to 67 percent with radionuclide angiography. The 
average dV/dt ranged from 1.24 to 3.07 EDV/s with 
sonomicrometry and from 1.17 to 4.36 EDV/s with ra- 
dionuclide angiography. 

Reproducibility of paired acquisitions: In each 
animal, duplicate acquisitions of both sonomicrometric 
and radionuclide angiographic data were made during 
each intervention at steady state conditions. The re- 
producibility of each method was determined from the 
difference between duplicate measurements. The 
variability in ejection fraction of paired acquisitions was 
2 + 0.5 percent with sonomicrometry and 3 + 0.6 per- 
cent with radionuclide angiography. The variability of 
paired measurements of dV/dt was 0.13 + 0.02 EDV/s 
with sonomicrometry and 0.27 + 0.13 EDV/s with ra- 
dionuclide angiography. The variability of paired ac- 
quisitions was greatest at the lower ranges of ejection 
fraction and dV/dt in each animal. 

Ejection fraction: Regression analyses between 
ejection fraction measurements with sonomicrometry 
and radionuclide angiography demonstrated a close 
linear relation in each animal, with individual correla- 
tion coefficients ranging from 0.95 to 0.99 (Fig. 4). The 
linear regression equations describing the relation be- 


TABLE | 


Alteration in Ventricular Function Produced in 


Individual Animals 
Sonomicrometry Radionuclide Angiography 


EF dV/dt EF dV /dt 


Dog (96) (EDV/s) (96) (EDV/s) 
1 16-44 1.28-2.95 27-63 1.04-3.11 
2 33-62 1.93-3.76 29-63 1.69-4.56 
3 16-48 0.96-2.83 23-63 0.97-3.75 
EI 27-68 1.78-5.02 38-86 1.27-7.00 
5 9-34 0.49-2.15 24-66 0.91-4.16 
6 14-31 0.98-1.73 37-63 1.15-3.58 
Mean 19-48 1.24-3.07 30-67 1.17-4.36 


dV/dt = first derivative of ventricular volume (rate of ejection); EDV 
= end-diastolic volume; EF = ejection fraction, s = seconds; t = 
time. 


tween sonomicrometric and radionuclide angiographic 
ejection fraction in the individual animals had slopes 
greater than 1 and Y intercepts greater than 0. The 
ejection fractions measured with radionuclide angiog- 
raphy tended to be greater than those measured with 
sonomicrometry and the difference increased as the 
ejection fractions increased. Therefore, in general, ra- 
dionuclide angiographic measurements overestimated 
the ejection fraction by comparison with sonomi- 
crometric measurements and the overestimation in- 
creased as ejection fraction increased. 

Ejection rate: The relation between dV/dt measured 
with sonomicrometry and that measured with radio- 
nuclide angiography in individual animals is shown in 
Figure 5. Regression analysis between sonomicrometric 
and radionuclide measurements demonstrated a close 
linear correlation in each animal; the correlation coef- 
ficients ranged from 0.87 to 0.99. The slopes greater than 
1 demonstrate a relative overestimation of normalized 
dV/dt by radionuclide angiography in comparison with 
sonomicrometry. 


y = |.4X+l 
r 098 


y =1.2X+4 
r =0.98 


y= lIx+7 
r =0.96 


RNA Ejection Fraction (%) 


y =1.6X+9 





IO 20 30 40 50 60 70 IO 20 30 40 50 60 70 
Sonomicrometry Ejection Fraction (%) 
FIGURE 4. Ejection fraction by sonomicrometry versus radionuclide 
angiography (RNA) in six animals. The mean correlation coefficient (r) 
= 0.97 for the group. 
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Ejection fraction measurements as a function of 
time: In a group of dogs not subjected to surgery, initial 
and repeated ejection fraction measurements obtained 
with radionuclide angiography 7 or more days apart 
were comparable; the mean difference was 2.4 + 2.2 
percent standard deviation (Table II). In six of the dogs, 
the mean ejection fraction on different days differed by 
1 percent or less. 


Discussion 


Accuracy of ultrasonic sonomicrometry for as- 
sessing left ventricular function: The objective of 
this study was to examine the ability of radionuclide 
angiography to assess changes in ejection fraction and 
ejection rate over a wide range of ventricular function 
in individual subjects. In previous studies,!-6 the ra- 
dionuclide angiographic measurements were compared 
with contrast ventriculographic measurements. There 
are several potential problems with using contrast an- 
giography as a reference method. Contrast angiography 
is an invasive technique that can directly alter ven- 
tricular function. It is not feasible to inject contrast 
medium repeatedly in the same patient or to record the 
radionuclide and contrast angiograms simultaneously. 


y= L.8X*.l2 
r= .94 


y=1.3X-.64 
r= .99 


RNA dv/dt (EDV/sec) 


y=1.3X-.13 
r= .96 





100 200 300 400 500 1.00 200 300 400 500 
SONOMICROMETRY dv/dt (EDV/sec) 

FIGURE 5. Ejection rate (dV/dt) by sonomicrometry in end-diastolic 

volume per second (EDV/sec) versus dV /dt by radionuclide angiography 

(RNA) in end-diastolic volume per second. The mean correlation 

coefficient (r) = 0.95 for the group. 


The use of ultrasonic sonomicrometry as a reference 
method eliminates these potential problems. The im- 
planted transducers provide a continuous beat to beat 
record of ventricular dimensions. Multiple sequential 
and simultaneous measurements of ventricular function 
can be obtained from the sonomicrometric and radio- 
nuclide angiographic measurements. Our investigation 
performed in conscious dogs provides a model for 
studying a wide range of ventricular function produced 
by drug infusion. The technique of ultrasonic sonomi- 
crometry has previously been described!! and has been 
validated by comparison with aortic blood flow and 
postmortem dimension measurements.” Ultrasonic 
sonomicrometry uses the same geometric assumptions 
as angiography, and it provides direct measurements 
of major and minor axes and wall thickness with a res- 
olution of 0.05 mm" and thus provides a method that has 
a high degree of precision for assessment of changes in 
left ventricular function by radionuclide angiog- 
raphy. 

Factors affecting ejection fraction measure- 
ments by sonomicrometry and radionuclide angi- 
ography: In our study, measurements of ejection frac- 
tion and rate of ventricular ejection (dV/dt) with so- 
nomicrometry and radionuclide angiography over a 
wide range of ventricular function were highly repro- 
ducible. Regression analysis demonstrated a close linear 
relation between the measurements of ejection fraction 
with the two techniques; the linear correlation coeffi- 
cient was 0.95 or greater in each animal. Although re- 








TABLE Il 
Ejection Fraction Measurements as a Function of Time 
Ejection Fraction (96) 
Dog 1 2 3 Mean 

1 
A 50 51 47 49 
B 48 49 47 48 

2 
A 61 60 61 61 
B 60 60 61 60 

3 
A 67 70 69 
B 67 68 68 68 

4 
A 61 61 61 
B 59 60 61 60 

5 
A 55 52 53 53 
B 55 53 52 53 

6 
A 56 58 57 57 
B 52 52 54 53 

7 
A 57 54 56 
B 50 52 51 

8 
A 52 60 61 58 
B 57 59 58 58 

9 
A 65 65 66 65 
B 60 60 60 

10 
A 72 72 75 73 
B 68 67 66 67 





A = initial measurements; B = measurements a minimum of 7 days 
later. 
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gression analysis demonstrated an excellent linear 
correlation between the noninvasive and direct mea- 
surements of ejection fraction, the slope of the regres- 
sion equation was greater than 1 in most animals. Ra- 
dionuclide angiography overestimated the ejection 
fraction measured with sonomicrometry and the mag- 
nitude of the overestimation increased as the ejection 
fraction increased (Table I, Fig. 4). 

Several factors in the measurement of the ejection 
fraction with radionuclide angiography or sonomi- 
crometry, or both, may have contributed to the dis- 
crepancy between the measurements. Measurement 
of the precise ejection fraction with radionuclide angi- 
ography requires accurate selection of the left ventric- 
ular region of interest and precise background assign- 
ment. Inclusion of nonventricular structures in the 
end-diastolic frame or overestimation of background 
activity, or both, would result in overestimation of the 
actual ejection fraction. Although the optimal separa- 
tion of the left ventricular image was obtained in the 
anterior projection with a slight caudal tilt, it was not 
possible to exclude completely the lower portion of the 
left atrium from the diastolic image. Because of ana- 
tomic differences between the chest of the dog and that 
of human beings, the usual background algorithm of the 
computer software could not be used in this study. The 
automated background regions were often too large, 
sometimes extending beyond the thoracic cavity and 
often including the liver and descending aorta. There- 
fore, the background region of interest was assigned 
with a light pen in an area that appeared to be most 
analogous to that used in human studies (Fig. 2). This 
method resulted in highly reproducible measurements 
of ejection fraction. However, as can be seen from the 
formula for ejection fraction, if the background as- 
signment method resulted in a systematic overestima- 
tion of the actual background, the calculated ejection 
fraction, although reproducible, would be higher than 
the actual ejection fraction. In addition, the degree of 
overestimation would be larger at higher ejection frac- 
tions. These changes would occur because, as ventricular 
volume decreases during systole, the average count/ 
pixel in the ventricular region of interest decreases 
whereas background counts/pixel remain constant. As 
the target to background ratio decreases, overestimation 
of background would result in a relatively greater un- 
derestimation of actual systolic counts than of actual 
diastolic counts, thus increasing the apparent ejection 
fraction. The discrepancy between actual and apparent 
ejection fraction would become greater as the difference 
in target to background ratio between end-diastole and 
end-systole increased (that is, as the actual ejection 
fraction increased). A systematic overestimation of 
background would produce a regression plot showing 
an excellent correlation coefficient and high reproduc- 
ibility but a regression equation with a positive Y in- 
tercept and a slope greater than 1.0. 

Other potential limitations of sonomicrometry: 
In this study, the calculation of ejection fraction by 
sonomicrometry assumes that the left ventricle con- 
forms to a prolate ellipsoid not only at normal function 


but also over the wide range of heart size and ventricular 
function produced in the study. The positioning of the 
wall thickness transducers is critical. An error as small 
as 2 mm in wall thickness determination can result in 
an error of 20 percent in volume determination.5 The 
positioning of the major and minor axis transducers is 
less critical. A 2 mm error in positioning these trans- 
ducers results in a less than 5 percent error in volume 
estimation.? The accuracy of sonomicrometry also de- 
pends on the absolute volume of the heart. Previous 
studies have demonstrated that in a given ventricle 
sonomicrometric measurements tend to overestimate 
slightly the actual volume of the small or normal ven- 
tricle and to underestimate that of the enlarged ven- 
tricle.8 Therefore, underestimation of end-diastolic 
volume and overestimation of end-systolic volume 
would result in underestimation of the ejection fraction. 
Finally, it is possible that the geometry of the depressed 
and afterload-stressed ventricle is not defined by a 
prolate ellipsoid. Thus, several factors may have con- 
tributed to measurement differences with the two 
techniques. Nevertheless, our study demonstrates that 
the changes in ejection fraction determined with sono- 
micrometry result in proportional changes in ejection 
fraction determined with radionuclide angiography. 
These studies indicate that radionuclide angiography 
is a reliable technique for assessing the effects of in- 
terventions on ventricular function. 

Measurements of ejection fraction a minimum of 7 
days apart in the group of animals not subjected to 
surgery demonstrated very little variation in ejection 
fraction as measured with radionuclide angiography; 
the mean difference was 2.4 + 2.2 percent (Table II). 

Rate of ventricular ejection (dV/dt): This is an- 
other variable that may be used as an index of ventric- 
ular function. In this study, the dV/dt measurements 
were reproducible and there was a close linear relation 
between radionuclide angiography and sonomicrometric 
measurements in the ejection rate in each animal. Be- 
cause absolute ventricular volumes were not determined 
with radionuclide angiography in this study, dV/dt was 
not calculated in units of absolute volume but was ex- 
pressed as a function of end-diastolic volume. 

Previous electromagnetic flow probe studies: In 
a recent study, Green et al.!? used electromagnetic flow 
probes and multigated radionuclide angiography to 
measure simultaneously left ventricular systolic timing 
and relative volume variations. They observed a close 
correlation between the shape of the scintigraphic 
time-activity curves during systole and the equivalent 
curves synthesized from the aortic flow profile. No sig- 
nificant difference was observed between the time to 
peak aortic flow, time to cessation of the aortic flow and 
duration of aortic flow as measured with both tech- 
niques. Measurements were made during a single level 
of normal ventricular function in anesthetized dogs; the 
ejection fraction was not measured. 

Implications: Our study demonstrates that ejection 
fraction determinations obtained with radionuclide 
angiography are reproducible and that, although ra- 
dionuclide angiography overestimates ejection fraction 
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in comparison with sonomicrometry, an excellent linear 
correlation exists between the two techniques. A good 
linear correlation was found between the measurements 
of dV/dt with the two methods. The variation in ejection 
fraction measured on different days with radionuclide 
angiography was very small. Radionuclide angiography 
is a sensitive and reproducible technique for evaluating 
serial changes in ejection fraction and dV/dt in indi- 


vidual subjects over a wide range of ventricular func- 
tion. 
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To determine the prevalence of tricuspid regurgitation in patients with 
tricuspid valve prolapse and to define further the criteria for the diagnosis 
of tricuspid regurgitation on contrast echocardiography, evaluation was 
made of 45 patients who had adequate contrast studies. There were four 
groups of patients: Group A, 10 healthy control subjects with no evidence 
of structural heart disease on cardiac catheterization; group B, 10 patients 
with classic clinical evidence of tricuspid regurgitation; group C, 10 pa- 
tients with cross-sectional echocardiographic evidence of mitral valve 
prolapse without tricuspid valve prolapse; and group D, 15 patients with 
both mitral and tricuspid valve prolapse on cross-sectional echocardi- 
ography. 

Tricuspid regurgitation was sought in each group by using the subxiphoid 
echocardiographic approach with peripheral venous injection of saline 
solution. The diagnosis required the presence of microcavitations in both 
the inferior vena cava and hepatic veins for at least three consecutive 


cardiac cycles. Tricuspid regurgitation was observed in no patients in 


group A, 10 of 10 patients in group B, 0 of 10 in groups C and 6 of 15 (40 
percent) in group D. Contrast cross-sectional echocardiography proved 
to be a reliable technique for identifying tricuspid regurgitation with a high 
degree of specificity and sensitivity. Patients with tricuspid valve prolapse 
had a 40 percent prevalence rate of tricuspid regurgitation. This finding 
may identify a subgroup that requires particularly careful clinical follow-up 
care. | 


A wide prevalence of tricuspid valve prolapse has been previously 
demonstrated in a selected symptomatic population with mitral valve 
prolapse.! The association of mitral regurgitation with mitral valve 
prolapse has been well defined,? whereas the prevalence of tricuspid 
regurgitation in patients with tricuspid valve prolapse has not been ex- 
plored. Tricuspid regurgitation is difficult to diagnose because it may 
not be apparent on physical examination? and its angiographic definition 
is obscured because a catheter must be placed across the tricuspid valve 
to perform right ventricular angiography. In addition, the systolic 
murmur of low pressure tricuspid regurgitation may not be readily de- 
tected or may be masked by other systolic murmurs on physical exami- 
nation. 

Recently, contrast cross-sectional echocardiography has been utilized 
to identify tricuspid regurgitation with a high degree of specificity and 
sensitivity.4 We initiated this study to define this technique further and 
to determine the prevalence of tricuspid regurgitation in patients with 
tricuspid valve prolapse. 


Methods 


Control population: The control subjects constituted two groups. Group A, 
(normal group) comprised 10 clinically healthy subjects (5 women) with a mean 
age of 55 + 15 years. All had normal findings on physical examination, electro- 
cardiography, chest X-ray film and cardiac catheterization. 
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FIGURE 1. Systolic frame from a parasternal long axis view of the right 
ventricular inflow tract demonstrating the right atrium (ra), right ventricle 
(RV) and interventricular septum (VS). The small black arrow points 
to the level of the tricuspid valve anulus and thus identifies that the tri- 
cuspid valve leaflets, which (white arrow) lie prolapsed, are within the 
right atrium during systole. 


Group B (positive control group) comprised 10 patients (7 
women) with a mean age of 56 + 16 years. All had clear evi- 
dence of tricuspid regurgitation. Five of these patients had 
mitral stenosis with pulmonary hypertension and had had 
tricuspid regurgitation defined on physical examination? and 
with angiographic techniques. Of the remaining five, three had 


nn. 





idiopathic congestive cardiomyopathy with biventricular 
failure, one had Ebstein's anomaly and one had primary 
pulmonary hypertension with right heart failure. In these 
latter five patients tricuspid regurgitation had been diagnosed 
on the basis of classic physical findings.? 

Study population: The study patients also constituted two 
groups. Group C comprised 10 patients (8 women) with a 
mean age of 33 + 16 years. All had a cross-sectional echocar- 
diographic diagnosis of only mitral valve prolapse by the cri- 
teria of Gilbert et al. Group D, the experimental group, 
comprised 15 patients (9 women) with a mean age of 46 + 22 
years. All had cross-sectional echocardiographic evidence of 
both mitral valve prolapse and concomitant tricuspid valve 
prolapse. The diagnosis of tricuspid valve prolapse (Fig. 1) was 
defined by echocardiographic criteria.! 

Cross-sectional echocardiographic studies: These were 
obtained using a wide angle 84° commercially available 
phased-array system (Varian V-3000) with a transducer 
containing 32 mounted piezo-electric crystals with a diameter 
of 1.3 by 1.2 inches (3.30 by 3.05 cm) at the skin level. Studies 
were recorded on videotape (Sanyo) and were later reviewed 
in real time, slow motion and frame by frame analysis. Indi- 
vidual frames selected for figures were photographed using 
a Polaroid® camera. The quality of these still frame images 
was significantly degraded because only one half of the line 
density was present during the still framing. M mode echo- 
cardiographic studies were obtained using a Smith-Kline 
Ekoline 20 A echocardiograph with a 2.25 megahertz trans- 
ducer. 

Contrast echocardiography: This procedure was per- 
formed by standard techniques which involved implanting 
a 19 or 21 gauge peripheral scalp vein needle into a forearm 
vein and rapidly injecting 10 cc of normal saline solution.® 
Standard short axis, right ventricular inflow or apical four 


FIGURE 2. Left panels, cross-sectional echocardio- 
graphic views before the peripheral venous injection 
of saline solution. A, short axis view at the base of the 
heart demonstrating the right ventricular outflow tract 
(RVO), aorta (AO) and left atrium (LA). B, right ven- 
tricular longitudinal inflow tract view depicting the right 
ventricle (RV), interventricular septum (VS), right 
atrium (RA), and left ventricle (LV). Right panels, after 
injection, microcavitations are seen in the right atrium 
and right ventricle. 
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chamber echocardiographic views,’ or all three, were visual- 
ized at the time of the saline bolus injection. To qualify for this 
study, microcavitations had to be seen in both the right atrium 
and the right ventricle (Fig. 2). Contrast cross-sectional 
echocardiography was attempted in 54 patients; 9 of these 
were excluded because microcavitation was inadequately 
visualized. Four of the nine had mitral and tricuspid valve 
prolapse, two had mitral valve prolapse alone, and the re- 
maining three were normal control subjects. Once a patient 
qualified for inclusion in the study, the transducer was placed 
1 to 2 cm to the right of the mid line of the subxiphoid area, 
and a short axis view of the inferior vena cava and hepatic vein 
or veins’ was obtained (Fig. 3). The right atrium and in some 
cases a portion of the right ventricle could be seen in this view. 
An additional 10 cc of saline solution was injected with con- 
tinuous videotape recording of the subxiphoid view. Tricuspid 
regurgitation was defined if microcavitations were identified 
in not only the inferior vena cava but also in one or more he- 
patic veins for at least three cardiac cycles. The inferior vena 
cava and hepatic veins were visualized with careful transducer 
angulation to avoid superimposition of the right atrium over 
the inferior vena cava; the latter may falsely suggest the 
presence of microcavitations in the inferior vena cava when 
they are present only in the right atrium. 


Results 


Group A (normal subjects): Contrast echocardio- 
graphic studies were adequately obtained in all 10 
subjects with opacification of the right heart chambers 
during the initial study. In all 10, injection of saline 
solution showed no microcavitations in the inferior vena 
cava or hepatic veins in the subxiphoid view. 

Group B (patients with tricuspid regurgitation): 
All 10 patients with clinical or angiographic evidence, 
or both, of tricuspid regurgitation had microcavitations 
seen in both the inferior vena cava and hepatic veins for 
at least three cardiac cycles (Fig. 4). 

Group C (patients with mitral valve prolapse 
without tricuspid valve prolapse): None of the 10 
patients with mitral valve prolapse without tricuspid 
valve prolapse by cross-sectional echocardiographic 
criteria demonstrated evidence of microcavitation in the 
hepatic veins or inferior vena cava. 

Group D (patients with mitral and tricuspid 
valve prolapse): Six (40 percent) of the 15 patients with 
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FIGURE 3. Subxiphoid view demonstrating the short axis view of the 
liver (L), hepatic veins (HV), inferior vena cava (IVC) and a part of the 
right atrium (RA). 


cross-sectional echocardiographic evidence of both 
mitral and tricuspid valve prolapse demonstrated tri- 
cuspid regurgitation on contrast echocardiography (Fig. 
5). In these six patients the subxiphoid view revealed 
microcavitations in the inferior vena cava and one or 
more hepatic veins for at least three cardiac cycles after 
injection of saline solution. In three patients tricuspid 
valve prolapse was judged as mild and in three as 
moderate in severity. Of the nine patients with tricuspid 
valve prolapse without tricuspid regurgitation, four had 
mild, four moderate and one severe tricuspid valve 
prolapse. 

Table I summarizes the clinical findings in these four 
groups. 


Discussion 


Tricuspid regurgitation defined with contrast 
echocardiography: Our study revealed a 40 percent 
prevalence rate of tricuspid regurgitation in patients 
with tricuspid valve prolapse studied with contrast 
cross-sectional echocardiography. Contrast cross-sec- 





FIGURE 4. Patient with mitral stenosis and pulmonary arterial hypertension (group B). A, subxiphoid view of the inferior vena cava (IVC), hepatic 
veins (HV), and liver (L). B and C were taken after peripheral venous saline injection. B, the black arrow points out microcavitations in the hepatic 
vein which persisted for over 30 seconds as shown in C. The inferior vena cava is dilated as compared to Figure 3. 
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FIGURE 5. Patient with tricuspid valve prolapse and tricuspid regurgitation (group D). Left, short axis subxiphoid view of the hepatic vein (HV), inferior 
vena cava (IVC), liver (L) and right atrium (RA) taken before peripheral venous injection of saline solution. Right, microcavitations are present in 
the inferior vena cava and hepatic vein (seen at and to the right of the black arrows), documenting the presence of tricuspid regurgitation. 


tional echocardiography detected the presence of tri- 
cuspid regurgitation with a high degree of sensitivity 
and specificity when the criteria of Lieppe et al.4 were 
used. These criteria require the presence of to and fro 
motion of microcavitations across the tricuspid valve 
or in the inferior vena cava. In the study of Lieppe et 
al.,4 all patients with clinically diagnosed tricuspid 
regurgitation had tricuspid regurgitation defined on 
contrast echocardiography, whereas no patient in the 
normal control group had this echocardiographic find- 
ing. ‘The technique used in that study (in the subxiphoid 
view) may yield a false positive result because the right 
atrium may be superimposed on the inferior vena cava 
as a result of abnormal angulation of the transducer. 
Thus, microcavitations may appear to be present in the 
inferior vena cava when in fact they are isolated to the 
right atrium. Our more stringent criteria for the defi- 
nition of tricuspid regurgitation required microcavita- 
tions to be present in both the inferior vena cava and the 


TABLE | 
Clinical Findings in the Control and Study Groups 


hepatic veins, with a to and fro motion for at least three 
cardiac cycles. 

There was no clear correlation between the degree of 
persistence or intensity of microcavitation in the inferior 
vena cava in our patients with severe tricuspid regurg- 
itation (group B) and that in patients with tricuspid 
valve prolapse (group D), who had no evidence of tri- 
cuspid regurgitation on clinical examination. The in- 
ferior vena cava and right atrium were enlarged in all 
subjects in group B but in none of those in group D. In 
addition, there was no correlation between the degree 
of tricuspid valve prolapse with the presence of tricuspid 
regurgitation. 

Prevalence of tricuspid regurgitation in tricus- 
pid valve prolapse: The 40 percent prevalence rate of 
tricuspid regurgitation in tricuspid valve prolapse 
documented in our study is similar to the high preva- 
lence rates (50 to 65 percent) of systolic murmurs or 
angiographically proved mitral regurgitation in the 


Á i a 


Mean Sex 
Group n Age (yr) (% female) 
A: Normal control 10 55 + 15 50 
B: Positive control 10. 56 + 16 70 
(tricuspid 
regurgitation) 
C: Mitral valve 10 33 + 16 80 
prolapse without 
tricuspid valve 
prolapse 
D: Mitral valve 15 46 + 33 60 


prolapse with 
tricuspid valve 
prolapse 


Systolic Sound TR by 
UT Nee) So 50S E Cardiac Contrast 
Click Murmur * Symptoms Echo 
0/10 0/10 3/10 (chest pain) 0/10 
0/10 10/10 10/10 10/10 
4/10 6/10 4/10 (chest pain 0/10 
and/or 
palpi- 
tations) 
10/15 13/15 11/15 (chest pain 6/15 
and/or 
palpi- 
tations) 


————— shen sesamin aota ad 


* By physical examination. 


Echo = cross-sectional echocardiography; TR = tricuspid regurgitation. 
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mitral valve prolapse syndrome.?? Unfortunately, minor 
degrees of tricuspid regurgitation, which would be ex- 
pected in an unselected population of patients with 
tricuspid valve prolapse, are extremely difficult to 
diagnose because hemodynamic and angiographic 
studies are limited by the requirement that a catheter 
cross the tricuspid valve.* Physical findings of a systolic 
murmur and abnormal jugular venous pressure contour 
are usually present and diagnostic in patients with 
moderately severe or severe high pressure tricuspid 
regurgitation. However, they are often absent in pa- 
tients with minimal or low pressure tricuspid regurgi- 
tation, in whom the murmur is usually not holosystolic 


TRICUSPID REGURGITATION IN IRIGUSrIU rnuLAroc—wrmen et me: 


but nonspecific in character.’ In such patients, cross- 
sectional echocardiography with contrast enhancement 
appears to provide a sensitive and specific means of 
diagnosing tricuspid regurgitation. This technique is 
usually easy to perform because the abdomen is air-free 
and images are usually of high quality. The finding of 
a 40 percent prevalence rate of tricuspid regurgitation 
in patients with tricuspid valve prolapse suggests that 
this echocardiographic diagnosis is identifying an ab- 
normal tricuspid valve that may be part of a more ex- 
tensive spectrum of cardiac skeletal disease. It may also 
identify a subgroup of patients requiring particularly 
careful follow-up care. 
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Previously reported clinical studies have suggested an important diag- 
nostic role for exercise-induced QRS changes. To explore the spatial 
features of such alterations, anterior thoracic isopotential distributions 
were examined at rest and at 85 percent of maximal heart rate in 30 
normal male volunteers. Results demonstrated that exercise caused a 
reduction in positive forces and an augmentation of negative voltages at 
most anterior thoracic sites. However, the locations of map extrema were 
not significantly altered. Difference maps, computed by subtracting 
time-aligned distributions at rest and during exercise, suggested that 
exercise generated an electrical field characterized by a central anterior 
minimum bordered superiorly by positive potentials. The minimum reached 
a peak magnitude in the middle portion of the QRS pattern, then declined 
in intensity. Although difference patterns during inscription of the QRS 
complex were similar to those computed during the P-R and S-T segments, 
time-intensity curves were discontinuous with marked and abrupt early 
increases and late decreases in strength in the ORS complex. These re- 
sults suggest that two commonly considered mechanisms (effects of 
changes in intracavitary blood mass and of atrial repolarization) cannot 
be solely responsible for the observed effects. 


All phases of the electrocardiogram are subject to exercise-induced al- 
terations. Although S-T segment shifts are most commonly evaluated, 
variations in the P wave and P-R segment!-? and in the QRS complex?-!? 
have clearly been documented. This report focuses on changes affecting 
the QRS complex in normal subjects during strenuous activity. Barrow 
and Ouer* considered such alterations to be those most commonly ob- 
served, occurring in 81 percent of normal men evaluated. More recently, 
Bonoris et al.5? concluded that a reduction in R wave amplitude during 
exercise was a characteristic and, indeed, a diagnostic feature of nor- 
mality, whereas an augmentation of this wave was highly suggestive of 
ventricular dysfunction. In contrast, Battler et al.!° reported that R wave 
variations were poor correlates of exercise-induced changes in ventricular 
volume or ejection fraction. Thus, alterations in ventricular activation 
are of clinical importance. 

This topic will be approached using the technique of isopotential body 
surface mapping. This procedure has successfully been applied to the 
study of S-T segment shifts during exercise in normal subjects!? and in 
patients with ischemic heart disease,!^!^ portraying the distribution of 
cardiac potentials over large areas of the thoracic torso. In an analogous 
manner, the spatial distribution and magnitude of QRS complex aber- 
rations may be described. 


Methods 


Study group: Thirty normal male volunteers, aged 21 to 27 years, were 
studied. All were free of circulatory disease, as determined by history, physical 
examination, routine electrocardiography and chest roentgenography. Voluntary 
informed consent was granted before study. 
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Electrode system: Fourteen strips of six silver-silver 
chloride electrodes were placed on the anterior chest of each 
subject. This 84 electrode grid covered the torso surface from 
the right to the left posterior axillary lines and from the level 
of the clavicles to the inferior rib margins. Additional elec- 
trodes were placed proximally on the limbs!$ to record stan- 
dard and unipolar limb leads and to derive the Wilson central 
terminal voltage. Details of electrode construction have been 
reported.!? Electrodes were restricted to the anterior chest to 
(1) reduce patient discomfort and noise levels (both would 
have been greater if the subjects were lying on posterior 
electrodes), and (2) reduce the amount of hardware needed 
to record from more than 84 electrodes simultaneously during 
exercise. 

Exercise protocol: Exercise stress tests were performed 
using a supine bicycle ergometer protocol. All subjects ini- 
tiated exercise at a load of 300 kg-m/min. The load was then 
increased without interruption of exercise by 100 to 150 kg- 
m/min at 2 minute intervals until 85 percent of maximal 
predicted heart rate was reached and maintained for 2 min- 
utes.!? 

A supine bicycle ergometer protocol was selected to (1) 
reduce noise levels beyond those achievable with motor-driven 
treadmill devices, and (2) to enhance electrode stability and 
thus reduce baseline drift by the thoracic fixation afforded by 
the recumbant posture. 

Data acquisition system: Voltages sensed by torso elec- 
trodes were amplified by a bank of 84 differential (electrode 
potential versus Wilson central terminal voltage) capacitor 
coupled amplifiers. Gains were set at 1,000 or 2,000, and the 
time constant fixed at 2 seconds. Additional amplifiers were 
used to multiply limb electrode output. 

Amplified potentials were digitized on-line at a sampling 
rate of 500 samples/channel per second, and digital data were 
stored on magnetic tape for later off-line processing. Data were 
collected simultaneously from all electrodes for 15 second 
periods before, at 2 minute intervals during, and at 2 minute 
intervals after completion of the test protocol. The 15 second 
segments during exercise corresponded to the final quarter- 
minute of work at a given load. Exercise was not interrupted 
for data sampling. : 

All electrocardiographic channels were examined before 
exercise to ensure (1) normality of the QRS-T complex, (2) 
stability of baseline, and (3) noise-free recordings. One 
channel, recorded from an electrode approximating a Vs lo- 
cation, was selected for continuous monitoring. 

Data analysis: Cycle averaging routines have been de- 
scribed in detail in prior reports from this laboratory.!?:1? In 
essence, all cycles determined to have morphologically similar 
P-QRS-T patterns by an automated autocorrelation routine 
were averaged to reduce random noise. Onsets and offsets of 
the electrocardiographic waves (P wave, QRS complex and 
T wave) were then manually determined from a high gain, 
time-expanded plot of root-mean-square potential. A 10 to 
20 ms portion of the terminal T-P segment was averaged and 
used as a baseline reference because (1) it represents the least 
active phase of the cardiac cycle,!? and (2) its selection per- 
mitted evaluation of the P-R segment potentials, which would 
not have been possible had the P-R segment itself been uti- 
lized as a reference. 

The QRS interval of each lead before and during exercise 
was subdivided into 49 segments of equal duration. A 5 point 
cubic routine was utilized to interpolate the 50 data points. 
This time normalization facilitated comparison and sub- 
traction of patterns sensed at equivalent moments during 
cardiac excitation before and during exercise. Data distortion 
was minimal as evidenced by the QRS duration, which was 


insignificantly changed with exercise (see later). Similar time 
normalization schemata have been utilized by Blomqvist? and 
by Simoons and Hugenholtz.? 

Isopotential maps were constructed using a combined 
linear-bilinear interpolation routine. Contour lines were 
drawn at predetermined intervals (0 and + 10, 20, 40, 60, 100, 
150, 250, 400, 600, 1,000 (and so forth) uV). Maps were dis- 
played at 2 ms intervals during the P-R and ST-T intervals 
and at each of the 50 time-normalized points during the QRS 
complex. Timing of each map was expressed as the number 
of milliseconds of the instant under consideration from the 
onset or offset of the QRS complex for points in the P-R or S-T 
segment or as the percent of elapsed time during inscription 
of the QRS complex. 

A paired t test was used to determine the significance of 
exercise-induced alterations, and a significance level of p = 
0.01 was relied on to evaluate statistical significance. All data 
are presented as mean + 1 standard deviation. 


Results 


Exercise responses: In each subject the predicted 
submaximal heart rate was reached and maintained for 
2 minutes. Mean resting and peak heart rate was 68.8 
+ 12.1 and 164.2 + 9.4 beats/min, respectively. The 
mean QRS duration was 78.4 + 2.4 ms at rest and 77.1 
+ 2.8 ms during exercise. Differences between mea- 
surements at rest and during exercise ranged from +4 
to —4 ms (—0.6 + 0.8 ms) and were not statistically 
significant (p >0.1) using a paired t test. 

Examples of averaged QRS-T waveforms recorded 
from one vertically oriented strip of six electrodes 
crossing the V5 precordial site are presented in Figure 
1. Waveforms in the left column were sensed at rest 
(heart rate 68 beats/min); those in the right column were 
recorded during exercise (heart rate 164 beats/min). 
Note (1) the low noise levels of recordings during exer- 
cise, and (2) the general reduction in amplitude without 
a major change in QRS configuration during exercise. 


REST EXERCISE 


ni gen i ERST 
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FIGURE 1. Electrocardiographic waveforms recorded from six anterior 
precordial electrodes at rest (left column) and during supine exercise 
(right column). The six electrodes were located on a vertical line ex- 
tending through the Vs precordial electrode position. The scale figure 
(lower right) corresponds to 200 ms horizontally and 1 mV verti- 
cally. 
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Isopotential distributions at rest and during ex- 
ercise: Because all subjects demonstrated qualitatively 
similar results, data from one representative study will 
be offered. Anterior thoracic body surface isopotential 
maps will be presented in a standard format. Positions 
of the 84 electrodes are indicated by plus or minus signs, 
corresponding to the polarity of the voltage registered 
at that site. The location of the sternal notch is marked 
by a V and the positions of the six standard precordial 
electrode sites are denoted by solid squares. Thus, the 
center of each map corresponds to the mid sternal line 





FIGURE 2. Anterior thoracic isopotential distributions, constructed as 
detailed in the text, from potentials sensed before and during exercise 
at instants 20 and 40 percent through the time-normalized QRS com- 
plex. A, 20 percent instant, at rest. B, 20 percent instant, at peak ex- 
ercise. C, 40 percent instant, at rest. D, 40 percent instant, at peak 
exercise. Magnitudes of the extrema are given in the text. 


A. 60% REST C809 REST | 





FIGURE 3. Isopotential distributions, drawn as in Figure 1, from po- 
entials registered at 60 percent through the QRS complex at rest (A) 
and at peak exercise (B), and 80 percent through the QRS at rest (C) 
and during exercise (D). Magnitudes of extrema are detailed in the 
ext. 





and the lateral borders to the two posterior axillary 
lines. Points of equal potential are connected by solid 
contour lines; zero level isopotential lines are overdrawn 
for emphasis. 

Examples of isopotential distributions before exer- 
cise and at peak heart rate are presented in Figures 2 
and 3. With 20 percent of the QRS complex inscribed, 
the isopotential pattern at rest was characterized by a 
central maximum, or zone of peak positive potential, 
and a left lateral area of peak negative voltage or mini- 
mum (Fig. 2A). The maximal positive and negative 
potential was 585 and —112 uV, respectively. During 
exercise, at a heart rate of 164 beats/min, the distribu- 
tion at the same point in the normalized QRS complex 
(Fig. 2B) was similarly dominated by an anterior max- 
imum and a lateral minimum. However, negative po- 
tentials were more widespread on the inferior and right 
thoracic surfaces. Additionally, the peak positive po- 
tential was reduced to 315 uV whereas peak negative 
voltage decreased to —288 uV. Positions of the elec- 
trodes sensing maximal and minimal voltages did not 
vary. 

Patterns at rest (Fig. 2C) and during exercise (Fig. 
2D) with 40 percent of the QRS complex inscribed were 
dominated by an anterior minimum surrounded by 


positive potentials on the inferior and lateral margins. 


The two distributions again differed in that (1) the ex- 
tent of the negative potentials increased inferiorly, (2) 
the magnitude of peak positive potentials decreased 
from 1,237 to 932 uV, and (3) the magnitude of peak 
negative voltages increased from —2,449 to —4,577 uV. 
The locations of maximums and minimums did not 
vary. | 

Patterns at rest and during exercise with 60 percent 
of the QRS complex inscribed (Fig. 3, A and B) were 
similar to those previously described. Peak positive and 
negative voltages changed from 1,895 to 1,017 uV and 
from —3653 to —4840 uV, respectively, without changes 
in locations of extrema. 

With 80 percent of the QRS complex passed, a new 
superior maximum emerged (Fig. 3C). Exercise once 
again extended and intensified (—112 versus —1,481 uV) 
the negative forces, but the strength of the superior 
maximum increased from 110 to 450 uV after exercise 
(Fig. 3D). 

To highlight the differences between patterns at rest 
and during exercise, preexercise distributions were 
subtracted from the peak exercise patterns sensed at the 
corresponding point of the time-normalized QRS 
complex. Thus, for example, the distribution presented 
in Figure 4A was computed by subtracting the voltages 
depicted in Figure 2A from those of Figure 2B. These 
"difference maps" depicted the spatial distribution of 
the changes induced by exercise. (In this study, the 
baseline pattern was subtracted from the intervention 
distribution (that is, the opposite sequence from that 
previously described by McLaughlin et al.2°) At each 
time point discussed earlier, the effect of exercise was 
to generate a field characterized by negative potentials 
over much of the anterior thorax but bordered superi- 
orly by positive potentials (Fig. 4). The strength of the 
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minimum increased to the middle of the QRS complex, 
and then declined, being —270, —2,461, —1,929 and 
—689 uV at points 20, 40, 60 and 80 percent into the 
QRS complex, respectively. The intensity of the positive 
rim likewise increased, being 117 uV at 20 percent and 
539 uV at 60 percent instants. In addition, this positive 
area increased in extent in the latter half of the QRS 
complex. 

Another method of evaluating the relation between 
patterns at rest and during exercise was to calculate 
correlation coefficients comparing the two distributions 
at eàch 2 percent interval. Coefficients were computed 
as described by Horan and Flowers?! using the for- 
mula 


EV Dn 
V EGENT 


where r = correlation coefficient, X; = potential at each 
of the 84 electrodes at rest, and Y; = potential at the site 
during exertion. Correlation coefficients ranged from 
0.55 to 0.89, with peak values in the middle segment of 
the QRS complex. Values at all instants were statisti- 
cally significant. Thus, although exercise did alter the 
magnitudes of surface potentials, the overall patterns 
remained significantly similar. 

Peak R and S wave distributions: The maximal 
positive and negative potentials in the 50 QRS maps of 
each subject, at rest and during exercise, were deter- 
mined. These values corresponded to the height of the 
tallest R wave and the depth of the deepest S wave re- 
cordable at any anterior chest locus. The locations of 
these peak voltages were likewise determined and tab- 
ulated. 

The maximal R wave amplitude was 2,031.1 + 405.1 
uV at rest and 1,694.4 + 464.1 uV on exercise. The dif- 
ference between the values varied from —8.9 to —1777.8 
uV (—336.7 + 229.9) and was statistically significant. 
In all cases, peak R wave amplitude decreased with 
exercise but in no case did the locus of the peak shift by 
more than one electrode row or column. 


r 


The mean depth of the S wave, in contrast, increased © 


by 462.7 + 536.46 uV after exercise (p <0.01), decreasing 
in only three cases. Thus, in most cases studied, exercise 
caused a decrease (less positive or more negative) in 
peak R and S wave amplitudes. 

To portray the spatial distribution of these changes, 
R wave and S wave amplitudes, peak R and S wave 
magnitudes and the amplitude of the entire QRS com- 
plex at each of the 84 electrode sites were calculated. 
Values before and after exercise were subtracted, and 
the differences plotted as isopotential maps (Fig. 5). R 
waves, S waves or QRS complexes recorded from elec- 
trodes lying in segments of such maps with negative 
polarities were reduced (less positive R or more negative 
S waves, or lower total QRS amplitude) in magnitude 
with exercise. Those sensed from zones with positive 
voltages demonstrated opposite directional changes. R 
wave amplitudes registered from electrode sites on most 
of the anterior thorax were reduced in magnitude (Fig. 
5A). The greatest reductions were observed near V3 and 
V 4 electrode sites. In contrast, electrodes along the su- 
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FIGURE 4. Isopotential difference maps, depicting the difference in 
potentials registered at a given instant before and during exercise. 
Conventions as in prior illustrations. A, differences in potentials sensed 
20 percent through the QRS complex, computed by subtracting voltages 
in Figure 2A from those in Figure 2B. B, difference between C and D 
of Figure 2, corresponding to voltages sensed 40 percent through the 
QRS complex. C, difference between A and B of Figure 3. D, difference 
map computed by subtracting C and D of Figure 3. 
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FIGURE 5. A, isopotential distribution depicting the change in the 
maximal amplitude of the R wave registered by each torso electrode 
during exercise. R waves sensed from electrodes with positive values 
in the map increased in magnitude whereas those with negative signs 
decreased in amplitude. B, spatial distribution of changes in S wave 
depth, computed as in A. Negative values indicate increasing negativity 
or increasing S wave depth with exercise. C, distribution of changes 
in overall QRS amplitude (R wave height plus S wave depth) during 
exercise, calculated as before. 
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FIGURE 6. Difference maps, computed as in Figure 4, depicting the 
effects of exercise on potentials sensed 40 ms (A) and 20 ms (B) before 
and at (C) the onset of the QRS complex. Maximal negative potentials 
are —244 uV (A), —294 uV (B) and —323 uV (C). Peak positive po- 
tentials in A, B and C are 98, 119 and 133 uV, respectively. 


perior border of the chest sensed increased R wave 
amplitudes during exercise. S waves deepened during 
exercise over much of the torso (Fig. 5B), with less 
negative forces being sensed only over the superior 
torso. The net effect on overall QRS amplitude was 
more complex (Fig. 5C), with increased amplitude re- 
corded from sites on the central and right areas of the 
torso and lowered amplitudes from sites on the superior 
and left. These data thus indicated that the changes in 
the R and S waves and QRS amplitude caused by ex- 
ercise were regional in nature and, hence, were lead- 
dependent. 

Amplitudes of the R and S waves in the 12 standard 
electrocardiographic leads were similarly calculated. 
The R wave amplitude did not change significantly in 
lead aVL, increased in lead aVR and decreased signifi- 
cantly in all other leads. The greatest reduction was in 
the V4 R wave, which decreased by 489.9 + 298.9 uV. 
The S wave depth decreased in lead aVR, did not vary 
in leads aVL, V; and V», and increased in the remaining 
eight leads. Here, too, the greatest change was in V4 
records, with the S wave depth increasing by 466.6 + 
174.6 uV. Thus, lead dependency was similarly observed 
standard electrocardiographic lead configurations. 

Relation to R-R and S-T segment responses: The 
QRS difference map patterns, such as those portrayed 
in Figure 4, were compared with those computed at 2 ms 





potentials recorded at the onset of the S-T segment (J point) (A) and at 
instants 20 ms (B), 40 ms (C) and 60 ms (D) into the ST-T interval. Peak 
positive and negative voltages measured 236 and —453 uV (A), 212 
and —389 uV (B), 169 and — 320 uV (C) and 160 and —238 uV (D), 
respectively. 


intervals during the terminal 40 ms of the P-R segment 
and the initial 80 ms of the S- T segment. The difference 
maps presented in Figure 6 were drawn from data 
sensed 40 ms (panel A) and 20 ms (panel B) before and 
at (panel C) the manually determined onset of the QRS 
complex. At each instant, exercise induced a field 
characterized by a central minimum with negative po- 
tentials over most of the torso, and positive voltages 
restricted to superior segments of the chest. Peak neg- 
ative and positive voltages increased toward the end of 
the P-R segment. Patterns in Figure 7 correspond to the 
differences in voltages at rest and during exercise reg- 
istered at the J point (panel A) and at instants of 20 ms 
(panel B), 40 ms (panel C) and 60 ms (panel D) into the 
S-T segment. Here, too, the distributions are charac- 
terized by anterior negativity and superior positivity. 

Difference distributions computed during the P-R 
segment, QRS complex and S-T interval were com- 
pared as to location and intensity of extrema. In any one 
subject, the location of the electrode sensing the greatest 
positive or negative voltage did not shift by more than 
one electrode row or column, or both, at all studied in- 
stants during the three electrocardiographic periods. 
The intensities of the minimums in the difference maps 
are plotted in Figure 8, which shows in panel A the su- 
perposed results of all subjects and the means and 
standard deviations in panel B. This figure shows that 
the magnitudes varied widely among subjects, and that 
the intensities of the minimum increased abruptly soon 
after the onset of the QRS complex, reaching a peak 
near the middle of ventricular activation. 'T'hus, whereas 
the spatial location of the exercise-induced effect was 
similar during atrial and ventricular recovery and dur- 
ing ventricular excitation, the intensities were dispa- 
rate. 
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FIGURE 8. Time course of changes in the intensity of the exer- 
cise-induced minimum depicted in Figures 4, 5 and 6. The time 
interval examined begins 40 ms before the onset of (left margin) 
and ends 80 ms after the offset of (right margin) the QRS com- 
plex. A, data from each subject are superposed on one another. 
B, mean (center line) and + 1 standard deviation limits (upper 
and lower contours, respectively) of the magnitudes are plotted. 
Scale figures correspond to 400 LV vertically and 20 ms (P-R 
segment and S-T segment) or 20 percent (QRS interval) hori- 
zontally. Vertical lines delimit the onset and offset of the QRS 
complex. 


Discussion 


Our results have shown in detail the spatial distri- 
bution of exercise-induced effects during inscription of 
the QRS complex and during portions of the P-R and 
S-T segments. Significant findings included (1) the 
reduction in peak positive potential at most but not all 
instants in the QRS complex without a shift in extrema 
location, (2) the increase in peak negative potential at 
all time points in most subjects, (3) the location-de- 
pendent nature of the R and S wave and QRS complex 
amplitude changes, and (4) the continuity of QRS 
changes spatially but not in magnitude with those de- 
tected during other portions of the cardiac cycle. 

Supine versus upright exercise: The rationale for 
using a supine rather than an upright exercise protocol 
was given earlier. Differences in the physiologic re- 
sponse to exertion in the two positions have been 
studied by several investigators. Epstein et al.?? con- 
cluded that, in normal subjects, the relation between 
heart rate and oxygen consumption was the same during 
supine bicycle and upright treadmill exercise. Bevegard 
et al.?? reported similar heart rate responses to supine 
and sitting leg exertion in normal subjects, although 
stroke volume increased more in the supine position. 
Similar data were reported by McGregor et al.?* Thus, 
the current use of supine exercise protocols to study 
normal electrical and hemodynamic??? responses to 
exercise provides at least as great a circulatory stress as 
does the use of upright exertion. 

Reported exercise-induced R wave changes in 
normal subjects: Numerous electrocardiographic 
studies have reported the prevalence of R wave changes 
in normal subjects. Barrow and Ouer,* in 1943, detected 
QRS changes in 81 percent of 100 normal subjects; the 
QRS voltage decreased in 49 and increased in 32 per- 
sons. Lloyd- Thomas reported a reduction in R wave 
amplitude in 55 of 67 subjects, with increases in mag- 
nitude occurring in the remaining 12. Kentala et al." 
described augmentation of R wave magnitude early 
during exercise, followed by reduction in amplitude 
after completion of strenuous exercise. Other recent 
studies?-!? have reported a reduction in R wave ampli- 
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tude in 51 to 97 percent of subjects without ischemic 
heart disease. | 

In contrast, vectorcardiographic evaluations have 
not noted such changes. Kahn and Simonson? reported 
that exercise caused a rightward shift in the QRS axis 
and shifted the mean QRS forces superiorly and to the 
right; terminal forces deviated upward, rightward and 
anteriorly. Magnitudes were not assessed. Simoons and 
Hugenholtz? noted similar instantaneous vectoral 
changes but noted no significant alteration in magni- 
tude or orientation of maximal QRS vectors. 

Possible causes for the differing results include dif- 
ferences in patient selection variables, exercise protocol 
formats!? and electrocardiographic lead system selec- 
tion. Our data relate only to the last consideration. The 
importance of lead selection has been documented.!9.! 
In one study,!! R wave amplitude was reduced in 38 of 
39 normal subjects in lead CM; but in only 34 in lead V5. 
Similarly, significant reductions in R wave height were 
noted!? in lead V5 and the Frank X lead, but not in the 
Y and Z leads. 

Role of electrocardiographic lead sensitivity 
versus QRS vector orientations: The isopotential 
difference maps presented in Figures 4 and 5 suggest a 
basis for this lead sensitivity. Over different areas of the 
chest, both instantaneous and maximal R wave ampli- 
tudes may decrease or increase. Thus, one lead system 
may sense an increase in R wave amplitude (for exam- 
ple, lead aVR) because of its lead vector, whereas most 
other leads (the standard precordial leads) would record 
reduced R wave magnitudes. Of specific interest is the 
difference between leads V5 and CM; noted by Wolthuis 
et al.!! The negative terminal of CM; lying over the 
sternal notch would sense positive R wave differences 
whereas its opposite terminal at the V5 electrode site 
falls in a zone of negative potential difference. A bipolar 
recording would thus register greater negative forces 
than the standard V5 lead, whose negative terminal is 
at a theoretical zero level. 

Data referred to earlier suggest a second concept. 
Vectorcardiographic studies have suggested that QRS 
vector orientation may change during exercise without 
a variation in vector magnitude.?? The differing relation 
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between a given electrocardiographic lead and the heart 
vector could then cause a change in voltage sensed by 
that lead even though source strength did not vary. If 
so, isopotential distributions would be expected to show 
a shift in location without major alteration in magnitude 
of the extrema. However, patterns in Figure 4 illustrate 
the opposite (that is, major changes in magnitude 
without significant translocations). Thus, current re- 
sults do not support the hypothesis that R wave dif- 
ferences as recorded in electrocardiographic leads are 
due primarily to reorientation of cardiac forces. 

Role of exercise-induced change in activation 
sequence: It must be recognized that the lack of change 
in position of extrema does not necessarily imply a 
constancy of the source. Two aspects of this problem 
may be considered. First, it is clear from experimental 
work that changes in the characteristics of the cardiac 
source are not uniformly accompanied by parallel 
changes in the surface electrocardiogram.!? Thus, the 
same surface effect observed at two instants may be due 
to two different cardiac events. Second, the use of 
time-normalization routines must be shown not to cause 
significant temporal displacement of signals, particu- 
larly if subtraction methods are used. In the current 
study, the mean change in QRS duration was not sta- 
tistically significant and, indeed, was less than one 
sampling interval of 2 ms. However, in the absence of 
specific knowledge of waveform timing, little can be said 
about possible exercise-induced alterations in activation 
sequence. 

Role of exercise-induced changes in intracavi- 
tary blood mass: The most commonly suggested 
mechanism for the R wave variations under consider- 
ation is the effect of exercise-induced changes in the 
intracavitary blood pool. As formulated by Brody”? and 
other investigators???? and experimentally vali- 
dated,??? the presence of an intracavitary blood mass 
with a conductivity greater than that of the cardiac 
source will (1) increase the potentials generated by a 
dipole oriented radial to the hyperconductive tissue, (2) 
decrease the forces generated by tangentially oriented 
sources, and (3) enhance the dipolar character of the 
equivalent generator. The degree of augmentation or 
reduction is dependent on the location of the sensing 
electrode in relation to the source, is directly propor- 
tional to the size of the hyperconductive zone and to its 
conductivity, and is inversely proportional to the dis- 
tance from the electrical source to the region of low re- 
sistivity. 

Application of these principles to exercise electro- 
cardiography is critically dependent on two concepts. 
First, directional changes in cardiac volumes or blood 
resistivity, or both, must be known. A reduction in heart 
size, and hence in the volume of hyperconductive fluid, 
has generally been assumed to occur during exercise.9? 
Second, orientation of cardiac activation fronts must 
be considered. On the basis of data from human stud- 
ies,???^ it has been considered that, during the early and 
middle portions of the QRS complex, activation fronts 
proceed in a direction radial to the intracavitary blood 
mass. However, late QRS depolarization of the basal 


segments of the ventricles proceeds with a tangential 
orientation. 'Thus, R waves in standard electrocardio- 
graphic leads would be expected to decrease in ampli- 
tude during exercise, because they are generated by 
forces directed radial to a hyperconductive mass of re- 
duced size. 

Two features of the isopotential distributions re- 
ported here are consistent with this interpretation. 
First, positive surface potentials over much of the an- 
terior thorax were reduced in magnitude (Fig. 2 and 3). 
Thus, difference potentials were negative in polarity 
(Fig. 4). Second, positive forces appearing late in the 
QRS complex at sites on the superior precordium were 
augmented by exertion. As these potentials presumably 
derive from basal tangential activation fronts, this re- 
sponse would be anticipated. 

Aspects of the current data are also inconsistent 
with a sole role of the intracavitary blood mass. The S 
wave depth increased during exercise (Fig. 2), rather 
than decreasing in absolute value as did R wave am- 
plitude. Clearly, the role of hyperconductive tissues 
would be expected to have identical directional effects 
on forces of either polarity. This has been documented 
in the model studies previously reported.?!3? Thus, 
experimental considerations also suggest that the effects 
of exercise on the intracavitary blood mass are not the 
only (and may not be a major) factor in the genesis of 
QRS changes during exercise. 

Other reasons to question the role of this mechanism 
are also significant. First, the directional changes in 
cardiac volumes during supine exercise require reeval- 
uation. Recent studies?^??6 using single plane echocar- 
diography to determine ventricular volume found no 
significant changes in end-diastolic dimensions during 
mild to moderate supine exercise. Other investiga- 
tors,?7^?? using radionuclide angiography, reported an 
increase in end-diastolic volume during erect exercise 
in normal subjects. However, end-systolic volume 
generally decreases,?»?735 correlating with an aug- 
mented ejection fraction. Thus, considerable data 
suggest that the volume of intracavitary blood does not 
change in the direction usually considered during the 
period of cardiac electrical activation. 

Second, the orientation of activation waves are 
probably not purely radial nor purely tangential. Some 
data?9?7 suggest that wavefront propagation is in- 
fluenced by cardiac fiber orientation. Because free wall 
myocytes tend to lie parallel to endocardial and epi- 
cardial surfaces, with differing orientations at various 
intramural planes,?? even free wall activation would not 
be purely radial. Similarly, activation of basal segments 
would certainly be partially radial to result in the re- 
corded epicardial QRS configurations.???4 Thus, the 
two premises underlying simple application of the 
“Brody effect” to exercise electrocardiography may be 
questioned. 

Augmented atrial repolarization forces during 
exercise: Another mechanism, related to the data 
presented here, is based on the augmented atrial repo- 
larization forces generated during exercise. This hy- 
pothesis is based on observations that (1) atrial repo- 
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larization forces (T,) are of opposite polarity to P wave 
potentials (that is, negative over much of the anterior 
thorax!8) and (2) atrial repolarization proceeds into and 
possibly throughout the time of ventricular excitation.9?? 
Thus, the QRS complex would be superimposed on a 
negative field, causing a reduction in the magnitudes of 
all wave segments. It is only reasonable to assume that 
this mechanism is operative during at least the early 
portion of the QRS complex; P-R segment forces during 
exercise (Fig. 6) should not be expected to cease 
abruptly at the onset of ventricular activation. 

Aspects of current data also support this proposal. 
Isopotential difference maps during the P-R segment 
(Fig. 6) are similar in pattern to those observed during 
the QRS complex (Fig. 4). This similarity would be ex- 
pected if the same effect (that is, atrial repolarization) 
were the cause of both distributions. The predominant 
negativity of these distributions resulted in a decrease 
in both peak positive and peak negative QRS potentials 
(Fig. 5). 

A second finding related to this mechanism is the 
change in overall QRS amplitude during exercise (Fig. 
5). At first glance, it would seem that superposition of 
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the QRS complex on a negatively displaced baseline due 
to atrial repolarization would equally reduce R and S 
wave magnitudes. Thus, QRS amplitude should remain 
constant. However, R and S waves recorded at any one 
site are sensed at different instants and hence will be 
altered differently, as determined by the time course of 
the intensity of the causative effect. 

However, this time course of intensity of the exercise 
effect is contrary to that described for atrial T waves. 
In Figure 8, the exercise-induced negativity followed a 
roughly symmetric time course, being of relatively low 
amplitude during the P-R segment, increasing abruptly 
and peaking during the QRS complex, and then de- 
creasing during the S- T segment. Data from canine?? 
and clinical494! studies have suggested a more gradual 
time course of T, strength. 

Implications: Thus, neither of the two most com- 
monly suggested causes of QRS changes (blood volume 
or mass and augmented atrial repolarization forces) are 
solely responsible for the observed effects of exercise on 
the reported isopotential distributions. Whether com- 
binations of these two mechanisms or others are oper- 
ative should be further explored. 
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An improved coronary sinus catheter has been developed whose en- 
hanced flexibility facilitates catheterization of the great cardiac vein. It 
allows simultaneous thermodilution measurement of blood flow in the great 
cardiac vein and proximal coronary sinus, easy withdrawal of blood from 
both sites and bipolar atrial pacing from the proximal coronary sinus. The 
accuracy of flow measurement with this catheter has been validated by 
in vitro testing, and the catheter has been used successfully in eight pa- 
tients. The advantages of this improved catheter over the existing coronary 
sinus thermodilution catheter are discussed. 


Use of the thermodilution technique to provide safe and easy measure- 
ment of human coronary sinus blood flow has been widely applied since 
its introduction in 1971 by Ganz et al.! The Ganz catheter (Wilton 
Webster Labs, Altadena, California) has undergone only limited modi- 
fication since that time,? despite the several difficulties it presents in 
the performance of regional studies of coronary sinus blood flow and 
metabolism. To overcome these difficulties (slow and tedious blood 
sampling, sampling from only the site of the great cardiac vein, and an 
overall design that makes catheterization of the more anterior portions 
of the great cardiac vein difficult) we have developed an improved cor- 
onary sinus catheter in conjunction with Electro-catheter Corporation, 
Rahway, New Jersey. 


Methods 


Catheter design: The catheter is 60 cm in length and 2.3 mm (7 French) in 
diameter. At the time of its extrusion from somewhat stiffened polyvinyl chloride, 
the catheter is partitioned into four discrete lumens. One of the two larger lumens 
is used for blood sampling and injection of thermal indicator at the catheter tip, 
through a 0.5 mm diameter end hole (Fig. 1). The other large lumen is used for 
blood sampling from the more proximal coronary sinus through a side hole lo- 
cated 4 cm from the catheter tip. One of the two smaller lumens contains the 
leads of the two thermistors used for flow measurement. These are mounted flush 
with the catheter surface at distances of 0.5 and 3.5 cm, respectively, from the 
catheter tip. The final lumen contains the leads for the two 2 mm platinum 
pacing electrodes mounted on the catheter surface adjacent to the proximal 
sampling port and thermistor. A third thermistor (not shown in the figure) is 
used to measure the temperature of the injectate just before its entry into the 
catheter. 

Signals from the coronary sinus, great cardiac vein and injectate thermistors 
are processed with use of a specially built three channel Wheatstone bridge, 
whose output is amplified and recorded on a multichannel recorder. Just before 
insertion of the catheter, the catheter tip and injectate thermistors are immersed 
in sterile saline solution at approximately room and body temperatures. Ad- 
justment of the bridge controls at these temperatures provides identical signal 
output from each of the three thermistors, linearly related to temperature over 
the range of 20? to 40? C. 

Catheterization technique: The catheter is introduced into the venous 
circulation by percutaneous insertion of a 7 French sheath and dilator into the 
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FIGURE 1. Catheter tip design. Pacing electrodes are 1.5 cm apart. The 
coronary sinus (CS) sampling port is located 4 cm from the great cardiac 
vein (GCV) sampling port. Tos and Tacy are coronary sinus and great 
cardiac vein thermistors, respectively. 


right internal jugular vein. With use of fluoroscopy and con- 
tinuous pressure monitoring of the catheter tip lumen, the 
catheter is usually advanced just across the tricuspid valve into 
the right ventricle. A combination of slight posterior rotation 
and gradual withdrawal of the catheter until right atrial 
pressure is observed leads to engagement of the coronary 


sinus. This is recognized by continued presence of a right atrial - 


waveform during advancement of the catheter across the 
cardiac silhouette and the characteristic double bounce" 





k 5 ^. MEE 
FIGURE 2. Coronary venous anatomy (left anterior oblique projection) 
visualized during contrast injection through the great cardiac vein port 
of the catheter. AIV = anterior interventricular vein; CS OSTIUM = 
coronary sinus ostium; DV = diagonal vein; MV = marginal vein. The 
position of the thermistors in the great cardiac vein (Tac) and coronary 
sinus (Tcs) is indicated (see Fig. 1). 
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motion of a catheter located in the coronary sinus. Although 
the catheter usually advances directly into the great cardiac 
vein, it may occasionally enter a venous tributary (posterior 
interventricular or marginal vein). This error is corrected by 
partial withdrawal and readvancement of the catheter, or by 
partial withdrawal of the catheter and cautious advancement 
of the soft end of a guide wire (0.018 inch [0.046 cm] straight 
or J guide) into the great cardiac vein.? Gentle manual injec- 
tion of 2 to 5 ml of contrast material (Renografin-769) through 
the tip lumen confirms the position of the catheter relative to 
the coronary sinus ostium and side branches (Fig. 2), and 
ensures that the tip is not wedged in the anterior interven- 
tricular or diagonal veins. Tip wedging should also be sus- 
pected when advancement of the catheter in the coronary 
sinus produces a ventricularized pressure waveform at the tip 
lumen. Care is taken to avoid movement of the catheter be- 
tween serial flow measurements, although spontaneous 
movement is minimized by the position of the catheter well 
within the cardiac venous system.? The proximal thermistor 
is positioned at least 1 to 2 cm inside the coronary sinus ostium 
to avoid potential sensing of right atrial blood reflux.* When 
performing measurements over a period of more than 1 hour, 
we administer heparin to our patients for the period of 
study. 

All patients gave informed consent for use of this catheter 
under the supervision of the Stanford University Human 
Subjects Committee. 

Flow measurement: For measurement of regional flow, 
body temperature (Tg) is recorded from the catheter therm- 
istors; then, room temperature injectate (either 5 percent 
dextrose in water or normal saline solution) is injected through 
the distal lumen for 20 to 30 seconds at a constant rate of 50 
ml/min with use of a Harvard pump. During this injection, the 
catheter thermistors measure the temperature of the blood- 
injectate mixture at the sites of the great cardiac vein 
(TmGCV) and coronary sinus (TyCS), and the separate in- 
jectate thermistor measures the temperature of the injectate 
(Ty) (Fig. 3). Flow at the site of the great cardiac vein or cor- 
onary sinus is calculated using the specific values of TuGCV 
or TMCS in place of Ty in the formula: 


TM — Ti 
Tp — Tm 


where F; is the injectate flow rate, C is a constant based on the 
thermal properties of blood and injectate (C = 1.08 for 5 
percent dextrose; C — 1.19 for normal saline solution injec- 
tate),! and 1.05 is a factor based on the in vitro calibration data 
given later. Because the thermistors have identical outputs 
over the range between room and body temperatures, the 
relative values of (Tm — Ty) and (Tp — Ty) can be measured 
in millimeters directly from the paper printout without the 
need to convert the output signals into actual temperature 
values. 

Catheter calibration: In vitro calibration of the catheter 
was performed by comparison of thermodilution flow mea- 
surements with actual timed volumetric collections of 379 C 
water flowing through Tygon? tubing (internal diameter 7 
mm) in which the thermodilution catheter was inserted.! 
Because water was used as both the injectate and flow fluid, 
a value of 1.0 was used for C. Data for each thermistor (TGcv, 
Tcs) were separately compared with volumetric flow by linear 
regression. 


Flow = x Fy X C X 1.05, 


Results 


At injectate flow rates of 52 to 53 ml/mm, calculated 
thermodilution flows were linearly related to volumetric 
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FIGURE 3. Strip chart recording of re- 
gional flow measurement during coro- 
nary sinus pacing at a rate of 140 AAP fice 
beats/min. Body temperature (Tg), in- 
jectate temperature (T;), and the tem- 
peratures of the blood-injectate mixture 
at the great cardiac vein (Tm GCV) and 
coronary sinus (Ty CS) thermistors are 
shown. Calculated flows are 55 ml/min 
in the great cardiac vein and 178 ml/ 
min in the coronary sinus. Arterial 
pressures (phasic and mean) and sur- 
face electrocardiogram (ECG) are re- 
corded simultaneously with flow mea- emen 
surement. 


ARTERIAL 
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flow over the range of 0 to 250 ml/min for the great 
cardiac vein (distal) thermistor and 0 to 350 ml/min for 
the proximal (coronary sinus) thermistor (Fig. 4). Ex- 
tensive animal and human validation of the thermodi- 
lution technique of coronary venous flow measurement 
has previously been performed by Ganz! and Pepine? 
and their co-workers using the functionally similar Ganz 
catheter.” 

To date, our improved coronary sinus catheter has 
been inserted in eight patients. Catheterization of the 
great cardiac vein, often to the takeoff of the anterior 
interventricular vein, has been possible in all cases (Fig. 
2). Easy regional blood sampling and stable regional 
flow measurements have been performed for periods of 
up to 15 hours. Great cardiac vein and coronary sinus 
blood flows at rest were within the range previously 
reported with use of the Ganz catheter.!? No episodes 
of perforation, tamponade or serious cardiac arrhythmia 
resulted from its use in our patients. Tip wedging in the 
anterior interventricular vein occurred in three cases, 
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was detected by ventricularization of the tip pressure 
or the initial contrast injection, and was corrected 
without sequelae by slight withdrawal of the cath- 
eter. 


Discussion 


The combination of thermodilution measurement of 
human coronary venous outflow with chemical analysis 
of arterial and coronary venous blood has proved a 
valuable tool in the investigation of ischemic heart 
disease. When care is taken to avoid technical pitfalls 
such as catheter movement and the sampling of right 
atrial blood reflux, thermodilution measurements of 
coronary venous flow are widely accepted as accurate 
relative measurements of global myocardial blood 
flow.25 The sensitivity of such studies is enhanced by 
the ability to make regional measurements? in the 
great cardiac vein (reflecting anterior left ventricular 
drainage) and the more proximal coronary sinus (re- 
flecting anterior as well as posterolateral left ventricular 
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FIGURE 4. Graphs of in vitro calibration data of (left) great cardiac vein thermistor (Tacv) flow versus volumetric flow and (right) of coronary sinus 
thermistor (Tcs) flow versus volumetric flow. Numbers 2, 3 and 4 = number of values at each datum point. 
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drainage), particularly when regional variation in 
myocardial blood supply is present as in coronary artery 
disease or coronary spasm. Although such regional flow 
measurements have been reported using the Ganz 
catheter,!? this catheter can obtain blood samples only 
from the great cardiac vein site, and then only by slow 
withdrawal of the sample. To obtain blood samples from 
the proximal coronary sinus site, the user of this cath- 
eter must insert a second catheter into the coronary 
sinus,” adding to the difficulty of the study. 

In development of our improved catheter, we have 
sought to facilitate catheterization of the great cardiac 
vein and to allow regional determinations of both car- 
diac venous flow and metabolism using a single catheter. 


These goals have been met by alterations in the internal 
structure of the catheter, enhanced flexibility and the 
use of an end hole injection site that allows the passage 
of a guide wire to aid positioning of the catheter. The 
end hole design facilitates the detection of tip wedging 
in the anterior interventricular or diagonal veins, which 
would have been overlooked in the past because the 
injection port of the Ganz catheter is located 1 cm 
proximal to the catheter tip.? Further development of 
the catheter is now in progress to produce a range of 
interthermistor distances to match variations in coro- 
nary venous anatomy, and to incorporate additional 
measurement capabilities such as fiberoptic oximetry 
into the current catheter. 
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for assured prolonged hemodynamic 
response in the angina* patient... 


NITRO-BID 9 
(nitroglycerin) 9 mg 


Capsules 















Higher nitrate doses are often 

needed to achieve the 

desired clinical response in 

angina pectoris. Consider the 

benefits of NITRO-BID® 9 

therapy: 

e High-potency nitroglycerin 

e Prolonged physiologic 
activity 

e Convenient dosage 
regimens 

e Aids patient compliance 
(b.i.d. or t.i.d. dosage) 


For titration and dosage flexibility, 


also available as 6.5-mg and 
2.5-mg strengths 


NITRO-BID* (nitroglycerin) Plateau CAPS* 9 mg, 6.5 mg, 
and 2.5 mg 

DESCRIPTION: Each NITRO-BID® Controlled-Release Capsule contains: 

2.5 mg nitroglycerin: Light purple and clear capsule with white beads; identification 
imprint MARION/ 1550. 

6.5 mg nitroglycerin: Dark blue and yellow capsule with white beads; identification 
imprint MARION/ 1554. 

9 mg nitroglycerin: Green and yellow capsule with white beads; identification imprint 
MARION/ 1553. 

ACTION: The mechanism of action of nitroglycerin in the relief of angina pectoris is not as 
yet known. However, its main pharmacologic action is to relax smooth muscle, principally 
in the smaller blood vessels, thus dilating arterioles and capillaries, especially in the 
coronary circulation. In therapeutic doses, nitroglycerin is thought to increase the blood 
supply to the myocardium which may, in tum, relieve myocardial ischemia, the possible 
functional basis for the pain of angina pectoris. The sublingual administration of nitro- 
glycerin is normally rapid and transient, but nitroglycerin in controlled-release NITRO-BID* 
2.5, NITRO-BID* 6.5, and NITRO-BID* 9 produces a prolonged action. 


INDICATIONS: Based on a review of this drug and a related drug by the National 
Academy of Sciences— National Research Council and/or other information, FDA 
has classified the indications as follows: 


"Possibly" effective: For the management, prophylaxis or treatment of anginal 
attacks. Final classification of the less-than-effective indications requires further 
investigation. 





CONTRAINDICATIONS: Acute or recent myocardial infarction, 
severe anemia, closed-angle glaucoma, postural hypotension, 
increased intracranial pressure, and idiosyncrasy to the drug. 
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WARNINGS: Capsules must be swallowed. FOR ORAL, NOT SUBLINGUAL, USE. NITRO-BID* 
2.5, NITRO-BID* 6.5, and NITRO-BID* 9 Controlled-Release Capsules are not intended for 
immediate relief of anginal attacks. 


PRECAUTIONS: Intraocular pressure may be increased; therefore, caution is required in 
administering to patients with glaucoma. Tolerance to this drug and cross-tolerance to 
other organic nitrites and nitrates may occur If bluming of vision, dryness of mouth, or 
lack of benefit occurs, the drug should be discontinued. 


ADVERSE REACTIONS: Severe and persistent headaches, cutaneous flushing, dizziness 
and weakness. Occasionally, drug rash or exfoliative dermatitis and nausea and vomiting 
may occur: these responses may disappear with a decrease in dosage. Adverse effects 
are enhanced by ingestion of alcohol, which appears to increase absorption from the 
gastrointestinal tract. 
DOSAGE AND ADMINISTRATION: Administer the smallest effective dose two or three 
times daily at 8- to 12-hour intervals, unless clinical response suggests a different 
regimen. Patient should be titrated to anginal relief or hemodynamic response. Hemo- 
dynamic response can be measured by drop in systolic blood pressure Discontinue if 
not effective. 
HOW SUPPLIED: NITRO-BID* 2.5 Controlled-Release Capsules and NITRO-BID* 6.5 Con- 
trolled-Release Capsules are each available in 60- and 100-count UNI-Rx* Paks and in 
bottles of 60 and 100. NITRO-BID* 9 Controlled-Release Capsules are available in 
60-count bottles. 
CAUTION: Federal law prohibits dispensing without prescription. 
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VIN-U-SCAN"I — The high-speed system 
that puts 24 bours of ECG in your bands 
in three minutes flat without missing 


a beat 


SMART SCANNERS, 
SMART VALUES 





Theres a Del Mar Avionics ECG scanner that satisfies your most exacting 
requirements — in the hospital or in your office. And a worldwide network of service 
centers assures fast, professional response when you need it, where you need it. 

An outstanding Education and Training staff rounds out our commitment to 
excellence. Training courses extend the skills and knowledge of your staff in the appli 
cation of ECG principles to Holter System data analysis. 

Our full line of smart scanners coupled with the extra services only a leader 
can provide, makes your investment in a Del Mar Avionics system a smart move. Cal 
your local representative today. 


) ID WW CO Kit 
Holter scanning system bandles the 
workload right in your office. Two 
channels of data with memory-scope 
display make it fast, flexible and 
CUS) 10- use. 


eovds. 


THE EVALUATOR™ NEW! — The middle- 
o[- the-line Holter ECG scanner — 
microprocessor- controlled, features 
smart” arrhythmia analyzer 





r more information, call any one of our Corporate Sales and Service Offices: 
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‘LEVELAND (216) 866-4063 MIAMI (305) 981-0405 "SEATTLE (206) 364-2940 * Factory authorized independent representatives 

ALLAS (214) 350-5881 MINNEAPOLIS (612) 941-6030 

JENVER (303) 344-5101 NEW ORLEANS (504) 837-7510 

JETROIT (313) 559-6863 NEW YORK (203) 966-4560 DEL MAR AVIONICS 

:DISON, NJ (201) 548-6600 PHILADELPHIA (215) 265-8548 1601 Alton Avenue at Red Hill, Irvine, CA 92714 
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A Question of KATO Supplement. KATO Supplement. 


" The compatible taste The preferred salt in the 
Compliance. of tomato. preferred form. 

Patients on potassium supple- In KATO supplement, the naturally Each single-dose packet of 
nts won't comply if they tire of tangy taste of tomato complements KATO supplement contains 20 
' sweet fruity taste used to mask the naturally salty taste of potas- mEq of potassium chloride — the 
"bitter pill" of potassium in sium chloride. Patients like the preferred salt — and less than 
ir medication. combination, and will stay with it 5 mg sodium chloride. Because it 
That's when a prescription for day after day. Tomato-flavored contains the chloride salt, KATO 
‘fruitless taste of KATO potas- KATO supplement is a natural — supplement can be used where 
m supplement can be fruitful. at breakfast and dinner. hypochloremic alkalosis is also a 


problem. KATO supplement mixes 
easily in water or tomato juice, 
and just two packets daily provide 
a full therapeutic dose. 


KATO Supplement. 
It’s fruitless for fruitful compliance. 


m tangy, tomato taste well accepted 
for long-term compliance 


m B.I.D. regimen encourages 
compliance 


m liquid form minimizes potential 
for gastrointestinal irritation 


m corrects both hypokalemia and 
hypochloremic alkalosis 


B convenient, easy-to-carry 


single-dose packets in 
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SYNTEX PUERTO RICO, INC. 
HUMACAO, PUERTO RICO 00661 


Please see prescribing information on following page. 
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(potassium chloride 
for oral solution 


20 mEq (1.5 g KCI) 


Prescribing Information 


DESCRIPTION: 

Spray-dried tomato powder containing 20 mEq potassium (equivalent to 
1.5 g KCl) per 6 grams powder (one dose) with natural and synthetic 
flavors, spices and colors. Benzoic acid and potassium benzoate 
added as preservatives. When reconstituted as directed, makes a 
pleasantly flavored, low sodium tomato juice drink. Each daily dose (2 
packets) contains approximately 0.5 mEq sodium. 


INDICATIONS: 
The prevention or correction of potassium deficit, particularly when 
accompanied by hypochloremic alkalosis in conjunction with thiazide 
diuretic therapy, in digitalis intoxication, or as the result of long-term 
corticosteroid therapy, low dietary intake of potassium, or excessive 
vomiting or diarrhea. 


CONTRAINDICATIONS: 

Potassium is contraindicated in severe renal impairment involving 
oliguria, anuria or azotemia; in untreated Addison's disease, familial 
periodic paralysis, acute dehydration, heat cramps, hyperkalemia from 
any cause. Potassium chloride should not be employed in patients 
receiving potassium-sparing agents such as aldosterone antagonists 
and triamterene. 


PRECAUTIONS: 

KATO is a concentrate and should be taken only after reconstituting with 
water as directed. This preparation, like other potassium supplements, 
must be properly diluted to avoid the possibility of gastrointestinal irrita- 
tion. Do not use in patients with low urinary output or renal decompensa- 
tion. Administer with caution; it is impossible to assess accurately the 
daily dose required. Excessive dosage may result in potassium intoxica- 
tion. Frequent checks of the clinical status of the patient, ECG and/or 
plasma potassium level should be made. High plasma concentrations of 
potassium ion may cause death through cardiac depression, ar- 
rhythmias or arrest. Use with caution in patients with cardiac disease. 


ADVERSE REACTIONS: 

Vomiting, diarrhea, nausea, and abdominal discomfort may occur. 
Gross overdosage may produce signs and symptoms of potassium 
intoxication: mental confusion, listlessness, paresthesia of the ex- 
tremities, weakness and heaviness of legs, flaccid paralysis, hyper- 
kalemia, ECG abnormalities, fall in blood pressure, cardiac arrhythmias 
and heart block. The characteristic changes in the ECG are dis- 
appearance of the P wave, widening and slurring of QRS complex, 
changes of the S-T segment, tall peaked T waves, etc. 


TOXICIT Y: 

Potassium intoxication may result from overdosage of potassium or from 
therapeutic dosage in conditions stated under "Contraindications " 
Hyperkalemia, when detected, must be treated immediately because 
lethal levels can be reached in a few hours. 


TREATMENT OF HYPERKALEMIA: 

1. Dextrose solution 1096 or 2596 containing 10 units of crystalline insulin 
per 20 g dextrose, given I.V. in a dose of 300cc to 500cc in an hour. 2. 
Adsorption and exchange of potassium using sodium or ammonium 
Cycle cation exchange resin, orally or as retention enema. 3. 
Hemodialysis or peritoneal dialysis. 4. Elimination of potassium- 
containing foods and medicaments. Warning: Digitalis toxicity can be 
precipitated by lowering the plasma potassium concentration too rapidly 
in digitalized patients. 


ADMINISTRATION AND DOSAGE: 

Mix with water to make a pleasant tomato juice drink. Each 6-gram unit 
dose packet provides 20 mEq of potassium. Usual adult dose—1 packet 
of KATO mixed with about 2 ounces of water twice daily—supplies 40 
mEq potassium per day. Take with meals or follow with Y2 glass of water. 
Larger doses may be required, but should be administered under close 
supervision because of the possibility of potassium intoxication. 


HOW SUPPLIED: 
Cartons of 30 and 120 6-gram unit dose packets, 20 mEq each. 
CAUTION: 
Federal law prohibits dispensing without a prescription. 
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year-after-year protection 


Q @324 + ] & 
(quinidine agiute 


CONTRAINDICATIONS: 

Aberrant impulses and abnormal 
rhythms due to escape mechanisms 
should not be treated with quinidine. 

Partial A-V or complete heart block, or 
intraventricular conduction defects, 
especially those exhibiting a marked 
grade of QRS widening. 

Renal disease resulting in significant 
azotemia, or those developing cardio- 
toxic effects such as conduction defects, 
ventricular premature beats, ventricular 
tachycardia or flutter while on the drug. 

Marked cardiac enlargement. particu- 
larly with congestive failure. poor renal 
function, and especially renal tubular 
acidosis. 

Idiosyncrasy or hypersensitivity to 
quinidine. 

WARNINGS: 

In the treatment of atrial flutter, rever- 
sion to sinus rhythm may be preceded 
by a pro ive reduction in the degree 
of A-V block to a 1:1 ratio resulting in an 
extremely rapid ventricular rate. 
PRECAUTIONS: 

The precautions to be observed include 
all those applicable to quinidine. A pre- 
liminary test dose of a single tablet of 
quinidine sulfate should be adminis- 
tered to determine if the patient has an 
idiosyncrasy to quinidine. Hypersensi- 
tivity to quinidine, although rare, 
should constantly be considered, espe- 
cially during the first weeks of therapy. 

Quinidine in large doses may reduce the 
contractile force of the heart, therefore, 
extreme caution should be exercised in 
using the drug in patients with severe 
heart disease, hypotension or digitalis 
intoxication. The potential disadvan- 
tages and benefits must be weighed. 

It should be administered cautiously, 
if at all, to senile patients. 

Hospitalization for close clinical observa- 
tion, electrocardiographic monitoring, and 
possibly plasma quinidine levels is indi- 
cated when large doses are used or with 
patients who present an increased risk. 
ADVERSE REACTIONS: 

Symptoms of cinchonism, ringing in 
ears, headache, nausea, distur 
vision may appear in sensitive patients 
after a single dose of the drug. 
Cardiovascular: Widening of QRS com- 
plex, cardiac asystole, ventricular 
ectopic beats, idioventricular rhythms 
including ventricular tachycardia and 
fibrillation, paradoxical tachycardia, 
arterial embolism, hypotension. 
Gastrointestinal: Nausea, vomiting. 
abdominal pain, diarrhea. 
Hematologic: Acute hemolytic anemia, 
hypoprothrombinemia, thrombocyto- 
penic purpura, agranulocytosis. 
Central Nervous System: Headache, 
fever, vertigo, apprehension, excitement. 
confusion, delirium and syncope, dis- 
turbed hearing (tinnitus, decreased 
auditory acuity), disturbed vision 
(mydriasis, blurred vision, disturbed 
color perception, reduced vision fields, 
photophobia, diplopia, night blindness, 
scotomata), optic neuritis. 
Dermatologic: Cutaneous flushing with 
intense pruritus. 
Hypersensitivity Reactions: Angio- 
ema, acute asthmatic episode, vascu- 
lar collapse, respiratory arrest. 
See package insert for full information. 
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| Potassium therapyi 






Just one KAON C10 wax-matrix tablet 


b.i.d. supplies 20 mEq KCI. Two tablets b.i.d. supply 
40 mEq KCI. 


to comply 


makes it easier for your patients to follow your 


instructions...increases likelihood of full compliance. 


to take, easy to carry 


KAON CL-10 tablets have no taste or 
ste...can beeasily carried anywhere. 


Brief Summary 


Description: Kaon CI"-10 mEq is a sugar coated (not enteric-coated) tablet containing 
750 mg potassium chloride (equivalent to 10 mEq potassium chloride) in a wax matrix. This 
formulation is intended to provide a controlled release of potassium from the matrix to mini- 
mize the likelihood of producing high localized concentrations of potassium within the 
gastrointestinal tract. 


Indications: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCER- 
ATION AND BLEEDING WITH SLOW RELEASE POTASSIUM CHLORIDE PREPARA- 
TIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PATIENTS WHO 
CANNOT TOLERATE OR REFUSE TO TAKE LIQUIDS OR EFFERVESCENT POTAS- 
SIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE IS A PROBLEM OF 
COMPLIANCE WITH THESE PREPARATIONS. 


1. For therapeutic use in patients with hypokalemia with or without metabolic alkalosis, in 
digitalis intoxication and in patients with hypokalemic familial periodic paralysis. 

2. For the prevention of potassium depletion when the dietary intake is inadequate in the 
following conditions: Patients receiving digitalis and diuretics for congestive heart failure; 
hepatic cirrhosis with ascites, states of aldosterone excess with normal renal function, 
potassium-losing nephropathy, and with certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated essential 
hypertension is often unnecessary when such patients have a normal dietary pattern. 
Serum potassium should be checked periodically, however, and if hypokalemia occurs, 
dietary supplementation with potassium-containing foods may be adequate to control 
een cases. In more severe cases supplementation with potassium salts may be indi- 
cated. 


Contraindications: Potassium supplements are contraindicated in patients with hyperka- 
lemia since a further increase in serum potassium concentration in such patients can pro- 
duce cardiac arrest. Hyperkalemia may complicate any of the following conditions: Chronic 
renal failure, systemic acidosis such as diabelic acidosis, acute dehydration, extensive tis- 
sue breakdown as in severe burns, adrenal insufficiency, or the administration of a potas- 
sium-sparing diuretic (e.g., spironolactone, triamterene). 


Wax-matrix potassium chloride preparations have produced esophageal ulceration in cer- 
tain cardiac patients with esophageal compression due to enlarged left atrium. Potassium 
supplementation, when indicated in such patients, should be with a liquid preparation. 


All solid dosage forms of potassium chloride supplements are contraindicated in any patient 
in whom there is cause for arrest or delay in tablet passage through the gastrointestinal 
tract. In these instances, potassium supplementation should be with a liquid preparation. 


Warnings: Hyperkalemia —In patients with impaired mechanisms for excreting potassium, 
the administration of potassium salts can produce hyperkalemia and cardiac arrest. This 
occurs most commonly in patients given potassium by the intravenous route but may also 
occur in patients given potassium orally. Potentially fatal hyperkalemia can develop rapidly 
and be asymptomatic. The use of potassium salts in patients with chronic renal disease, or 
any other condition which impairs potassium excretion, requires particularly careful moni- 
toring of the serum potassium concentration and appropriate dosage adjustment 


Interaction with Potassium Sparing Diuretics —Hypokalemia should not be treated by the 
concomitant administration of potassium salts and a potassium-sparing diuretic (e.g., 
spironolactone or triamterene) since the simultaneous administration of these agents can 
produce severe hyperkalemia. 


Gastrointestinal Lesions—Potassium chloride tablets have produced stenotic and/or 
ulcerative lesions of the small bowel and deaths. These lesions are caused by a high local- 
ized concentration of potassium ion in the region of a rapidly dissolving tablet, which injures 
the bowel wall and thereby produces obstruction, hemorrhage, or perforation. Kaon CI"-10 
mEq (potassium chloride) is a wax-matrix tablet formulated to provide a controlled rate of 
release of potassium chloride and thus to minimize the possibility of a high local concentra- 
tion of potassium ion near the bowel wall. While the reported frequency of small bowel 











-to-remember b.i.d. dosage 


B.i.d. instead of conventional t.i.d. dosage 


+ 


n two easy doses 


dosage adjustment 


Dosage may be individually adjusted, 
based on logical, easy-to-determine multiples of10 


on the purse 


KAON CL-10 tablets offer your patients 
greater economy because fewer tablets deliver the 
same amount of potassium at a lower cost. 


on the GI tract 


Special wax-matrix delivery system 
permits gradual release of KCI over several hours to 
minimize high localized concentrations in the GI 
tract, thus minimizing the chance of Gl irritation. Tt 
frequency of small bowel lesions with wax-matrix 
tablets is less than one per100,000 patient years. 


lesions is much less with wax-matrix tablets (less than one per 100,000 patient years) tr 
with enteric-coated potassium chloride tablets (40-50 per 100,000 patient years) ca: 
associated with wax-matrix tablets have been reported both in foreign countries and in | 
United States. In addition, perhaps because the wax-matrix preparations are not enter 
coated and release potassium in the stomach, there have been reports of upper gastrc 
testinal bleeding associated with these products. The total number of gastrointesti 
lesions remains less than one per 100,000 patient years. Kaon CI-10 mEq should be c 
continued immediately and the possibility of bowel obstruction or perforation considere 
severe vomiting, abdominal pain, distention, or gastrointestinal bleeding occurs. 


Metabolic Acidosis —Hypokalemia in patients with metabolic acidosis should be treated w 
an alkalinizing potassium salt such as potassium bicarbonate, potassium citrate, potassii 
acetate, or potassium gluconate. 


Precautions: The diagnosis of potassium depletion is ordinarily made by demonstrati 
hypokalemia in a patient with a clinical history suggesting some cause for potassium dep 
tion. In interpreting the serum potassium level, the physician should bear in mind that aci 
alkalosis per se can produce hypokalemia in the absence of a deficit in total body potassit 
while acute acidosis per se can increase the serum potassium concentration into the norn 
range even in the presence of a reduced total body potassium. The treatment of potassit 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis requil 
careful attention to acid-base balance and appropriate monitoring of serum electrolytes, t 
electrocardiogram, and the clinical status of the patient. 


Adverse Reactions: The most common adverse reactions to oral potassium salts are ne 
sea, vomiting, abdominal discomfort and diarrhea. These symptoms are due to irritation 
the gastrointestinal tract and are best managed by diluting the preparation further, taking t 
dose with meals, or reducing the dose. 


The most severe adverse effects are hyperkalemia (see Contraindications, Warnings a 
Overdosage) and gastrointestinal obstruction, bleeding or perforation (see Warnings). 


Overdosage: The administration of oral potassium salts to persons with normal excretc 

mechanisms for potassium rarely causes serious hyperkalemia. However, if excretc 

mechanisms are impaired or if potassium is administered too rapidly intravenously, pote 

tially fatal hyperkalemia can result (see Contraindications and Warnings). It is important 

recognize that hyperkalemia is usually asymptomatic and may be manifested only by 

increased serum potassium concentration and characteristic electrocardiographic chang 

(peaking of T-waves, loss of P-wave, depression of S-T segment, and prolongation of the ( 

interval). Late manifestations include muscle-paralysis and cardiovascular collapse frc 

cardiac arrest. 

Treatment measures for hyperkalemia include the following: 

1. Elimination of foods and medications containing potassium and of potassium-spari 
diuretics. 

2. Intravenous administration of 300 to 500 ml /hr of 10% dextrose solution containing 10- 
units of crystalline insulin per 1,000 ml. 

3. Correction of acidosis, if present, with intravenous sodium bicarbonate, 

4. Use of exchange resins, hemodialysis, or peritoneal dialysis. 


In treating hyperkalemia, it should be recalled that in patients who have been stabilized : 
digitalis, too rapid a lowering of the serum potassium concentration can produce digite 
toxicity. 

Caution: Federal law prohibits dispensing without prescription. 


How Supplied: Bottles of 100 and 500; Stat-Pak* (Unit-Dose) box of 100. 
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For Your Hemodynamic Monitoring Needs. .. 





| specify Elecath, and you gain the benefits of specialization in 
Cardiac catheters and related products. You gain superior handling characteristics. 
More speed and accuracy in placement. Better patient care. From precalibrated 
catheters to platinum electrodes, innovative design runs through the line. If you're 
looking for the latest, use your best resource. Elecath. 


For your hemodynamic monitoring needs, the complete line includes BALTHERM™ 
thermal dilution, flow-directed balloon catheters. BALWEDGE™ double-and- 
single-pressure catheters. BALWEDGE™ pulmonary angiography catheters. 
SURGITHERM™ mini-probes for post-surgical cardiac output. 





ELECATH Cardiac Output Computer 
Model COC 4000. Weighs only 7 Ibs. 
Operates with push-button efficiency. 


2100 FELVER COURT, RAHWAY, NEW JERSEY 07065 U.S.A. 


Complete family of precision cardiac catheters for hemodynamic moni toring and temporary pacing. 





For the name of your nearest distributor, call: (800) 526-4243 In NJ. (201) 382-5600 
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Prostaglandin E, infusion and a microporous expanded polytetrafluo- 
roethylene graft were used in the management of eight infants, all less 
than 4 days old, with interruption of the aortic arch. Five of the six infants 
receiving prostaglandin E4 responded dramatically to this therapy, with 
return of lower limb pulses and lessening of metabolic acidosis. There 
were no adverse effects attributable to the prostaglandin E, infusion. 
Seven infants subsequently underwent aortic reconstruction with a 
polytetrafluoroethylene graft. There were no operative deaths, and in up 
to 3 years of follow-up of these patients, graft obstruction occurred in only 
one patient and this graft was successfully revised. The long-term mortality 
rate was high (62 percent); all deaths but one were attributable either 
to the palliation or to the total correction of the associated cardiac mal- 
formations. 


Interruption of the aortic arch is a rare vascular malformation that 
typically results in severe congestive heart failure and acidosis during 
the 1st week of life. Three locations of the arch interruption have been 
described: distal to the left subclavian artery (type A); distal to the left 
common carotid artery (type B); and between the innominate and left 
common carotid arteries (type C)!. Type B is slightly more common than 
type A and together these two types constitute approximately 95 percent 
of the reported cases.? In almost all cases of arch interruption, there are 
associated malformations, most commonly ventricular septal defect, 
aortopulmonary window or truncus arteriosus. A patent ductus arteri- 
osus initially supplies blood to the distal aorta from the main pulmonary 
artery, and clinical deterioration invariably occurs as the ductus closes. 
Despite recent case reports of successful surgical palliation?~’ and even 
total correction?-!? of these infants’ malformations, the mortality rate 
remains about 70 percent in the 1st week of life.!? 

In an effort to reduce this neonatal mortality, we recently utilized 
prostaglandin E; for initial management and a polytetrafluoroethylene 
graft for anatomic correction in infants with interruption of the aortic 
arch. Prostaglandin E, has recently been shown to maintain ductus 
patency,!^4 and in infants with an interrupted aortic arch infusion of this 
agent allows for continued blood flow from the pulmonary artery to the 
thoracic aorta, thereby maintaining distal aortic perfusion. The recently 
developed polytetrafluoroethylene graft has allowed for successful 
shunting of small caliber blood vessels and these grafts have been asso- 
ciated with much improved patency rates when compared with previ- 
ously available prosthetic grafts. 


Methods 


Patients: Eight infants with interruption of the aortic arch were admitted 
and underwent diagnostic cardiac catheterization at The Johns Hopkins Hospital 
between December 1976 and September 1979. The clinical data on these infants 
are shown in Table I. All infants presented in the first 3 days of life. Two had 
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TABLE | 
Clinical Information in Eight Infants With Interrupted Aortic Arch 





Age at 
Diagnosis Weight 
Case Cardiac Diagnosis Sex (days) (kg) 
1 Type B interruption, VSD, PDA M 1 3.5 
2 Type B interruption, hypoplastic F 1 2.5 
aorta and aortic valve, VSD, PDA — 
3 Type B interruption, type A4 M 3 2.7 
truncus arteriosus, PDA 
4 Type A interruption, VSD, PDA M 3 3.5 
5 Type B interruption, AP window, M 2 2.6 
PDA 
6 Type B interruption, VSD, PDA F 2 3.1 
7 Type A interruption, VSD, PDA M 2 3.6 
8 Type A interruption, VSD, PDA F 2 3.6 


Arterial pH Duration 
"renes On Peles 
Before After Infusion 
PGE, PGE, (h) Operation 
6.85 As * 5 mm graft, PDA ligation, PA band (two 
stage) 
7.18 7.40 12 None 
7.30 7.45 7 5 mm graft, PA band, PDA ligation 
7.35 m eU 5 mm graft, PA band, PDA ligation 


7.30 7.45 36 5 mm graft 


7.05 7.34 11 5 mm graft, PA band, PDA ligation 
7.21 7.31 10 5 mm graft, PA band, PDA ligation 
6.83 Gite 3 5 mm graft, PA band, PDA ligation 


AP = aortopulmonary; PA = pulmonary artery; PDA = patent ductus arteriosus; PGE; = prostaglandin E4; VSD = ventricular septal defect. 


type A interruption; the remaining six had a type B defect 
(Fig. 1). All but two infants had an associated ventricular 
septal defect. One of the latter (Patient 3) had an associated 
type A4 truncus arteriosus!’ and the other (Patient 5) had an 
aortopulmonary window as well as a patent ductus arteriosus. 
A markedly hypoplastic aortic anulus and ascending aorta 
further complicated Case 2. All infants had congestive heart 
failure and were initially treated with digitalis and diuretic 
drugs. 

Prostaglandin E, therapy: Prostaglandin E; was not 
available for infusion in Patient 1 at the time of diagnosis. Of 
the remaining seven patients, six had significant metabolic 
acidosis (pH <7.30) as well as congestive heart failure, and 
were treated with continuous infusion of prostaglandin E;, 0.1 
ug/kg per min intravenously, into either a peripheral or central 
venous catheter. 

Surgical therapy: Surgery was performed in all patients 
within 36 hours of diagnosis with the exception of the infant 
(Patient 2) with hypoplasia of the ascending aorta, whose le- 
sion was judged uncorrectable. At operation, a 5 mm tubular 
polytetrafluoroethylene graft was interposed between either 
the left common carotid or the left subclavian artery and the 
descending aorta, depending on the site of the origin of in- 
terruption. The patent ductus arteriosus was ligated and the 





TYPE.A TYPE B 
2 Patients 4 Patients 
with VSD with VSD 





pulmonary artery banded in all patients except the infant with 
the associated aortopulmonary window. 


Results 


Response to prostaglandin E, therapy: In the six 
acidotic infants, infusion of prostaglandin E, was 
maintained for an average of 13 hours (range 3 to 36) 
and was terminated after the completion of graft 
placement. Hypotension, bradycardia, fever and muscle 
twitching, previously reported!6 adverse effects of 
prostaglandin Ej, were not noted in any patient. Five 
of the six infants had.a satisfactory response to the 
infusion within 30 minutes of its onset, as demonstrated 
by return of palpable femoral pulses and with blood 
pressure in the lower limbs becoming equal to that in 
the right arm. In addition, there was definite amelio- 
ration of the metabolic acidosis. The mean arterial pH 
before infusion of prostaglandin E, was 7.14 (range 6.83 
to 7.30); after infusion it was 7.34 (range 7.12 to 7.45) 
(Fig. 2). The condition of one infant (Patient 8), whose 
initial pH was 6.83, failed to improve even after the 
infusion was increased to 0.15 ug/kg per min; there was 


RCC LCC 


W/Z 
LSC 
PDA € 
NA | | DSC Ac 


RCC LCC 
C 


TYPE B TYPE B 
| Patient | Patient 
with AP window with Truncus (A4) 


FIGURE 1. Diagrammatic illustrations of the preoperative anatomy of the arch and associated malformations in eight patients. AP — aortopulmonary; 
APW = aortopulmonary window; ASC Ao = ascending aorta; DSC Ao = descending aorta; LCC = left common carotid artery; LSC = left subclavian 
artery; MPA = main pulmonary artery; PDA = patent ductus arteriosus; RCC = right common carotid artery; RSC = right subclavian artery; Truncus 


= truncus arteriosus; VSD = ventricular septal defect. 
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some increase in the arterial pH, but the infant re- 
mained markedly acidotic and femoral pulses were 
never palpable even after 2 hours of the larger dose of 
prostaglandin E;. 

Cardiac catheterization findings: At the time of 
cardiac catheterization, the typical arch appearance as 
well as a large patent ductus arteriosus with right to left 
shunting was demonstrated in all but one patient. The 
exception was the infant (Case 8) who failed to respond 
to prostaglandin E; although the ductus was seen in the 
angiogram, it was markedly narrowed over its entire 
length. In all other infants, there was no pressure gra- 
dient demonstrated on catheter pullback across the 
ductus arteriosus from the descending thoracic aorta 
to the main pulmonary artery. Significant left to right 
shunting at the ventricular or great vessel level (aorto- 
pulmonary window) was also demonstrated in all pa- 
tients. 

Operative results: Seven of the eight infants un- 
derwent operation; the condition of one infant with a 
hypoplastic ascending aorta (Case 2) was considered 
inoperable and she died at age 3 days, secondary to 
coagulation abnormalities that had developed before 
the start of the prostaglandin E, infusion. The initial 
operation for repair of the arch interruption was suc- 
cessful in all patients and, in all but one patient, the 
pressure gradient between the upper and lower limbs 
did not exceed 15 mm Hg in the postoperative period. 

Complications after operation included transient 
oliguria (less than 0.5 cc/kg per hour of urinary flow) in 
five patients, respiratory insufficiency requiring pro- 
longed (more than 5 days) ventilatory support in three 
patients and persistent severe congestive heart failure 
in three patients. The infant with the associated aor- 
topulmonary window (Case 5) continued to have severe 
congestive heart failure and at age 8 days underwent 
total correction, but died 4 hours after this operation 
with evidence of severe biventricular failure. The other 
two children with heart failure underwent cardiac re- 
catheterization 1 month postoperatively; one (Case 1) 
had an inadequate pulmonary arterial band that was 
then successfully tightened, and the other infant (Case 
3) with the associated type A4 truncus arteriosus had 
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FIGURE 2. Increase in arterial pH after prostaglandin E4 infusion in six 
patients. The difference between preinfusion pH (closed circles) and 


postinfusion pH (open circles) is significant at a probability (p) level of 
«0.005 (paired t test). 


a residual significant obstruction at the left carotid-graft 
anastomosis, but continued to be managed medically. 

Follow-up: The long-term follow-up period in the 
six patients who left the hospital ranged from 2 to 34 
months (mean 12) (Table II). Figure 3 shows the ap- 
pearance of the graft in Patient 4 one year postopera- 
tively. Two children died 6 months postoperatively, one 
(Case 6) with overwhelming bacterial sepsis unrelated 
to her heart disease. At autopsy, no evidence for an 
immune deficiency could be established. The other 
patient (Case 7) died suddenly and at autopsy had a 
markedly stenotic pulmonary artery at the site of the 
band with evidence of severe right ventricular hyper- 
trophy. Successful closure of a ventricular septal defect 
and band takedown was performed in one child (Case 
1) at age 1 year. A second child (Case 4) died after in- 
tracardiac surgery at age 1 year; death was believed to 
be caused by right ventricular dysfunction. 

Patient 3, the child with the associated truncus ar- 
teriosus who had residual obstruction at the carotid 
artery-graft anastomosis, underwent graft replacement 
at age 2 years without difficulty. After insertion of a 6 
mm polytetrafluoroethylene graft, there was no residual 
pressure gradient from the ascending to the descending 


TABLE Il 
Follow-Up Data in Eight Patients 
Duration of Gradient 
Follow-Up Across 
Study Graft* Subsequent 
Case (mo) (mm Hg) Operation Status 
1 35 10 14 mo: VSD closure, band takedown Alive 
2 3 days Pas None Died 
3 26 70 25 mo: Graft replacement (6 mm) Alive, no residual gradient 
4 12 10 12 mo: VSD closure, band takedown Died 3 days postop 
5 8 days 0 8 days: Aorto-pulmonary window repair Died 4 h postop 
6 0 1 mo: Band revision Died 6 mo postop, sepsis 
7 6 10 None Died 6 mo postop, ?RV failure 
8 4 10 None Alive 


* Difference between upper and lower limb systolic blood pressures as measured with the Doppler technique at the time of the last follow-up 


study or at postoperative cardiac catheterization. 


Postop = postoperative; RV = right ventricular; VSD = ventricular septal defect. 
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FIGURE 3. Case 4. Aortogram in the anteroposterior (left) and lateral (right) projections performed 1 year postoperatively. The graft anastomoses 
to the left subclavian artery (above) and the descending aorta (below) (arrows) are slightly narrowed, and the pressure gradient at cardiac catheterization 


measured 10 mm Hg. 


aorta. In no other child, including those who died, was 
there evidence of progressive anastomotic or graft ob- 
struction during the follow-up period. 


Discussion 


The high mortality rate associated with interruption 
of the aortic arch is due in part to (1) the profound 
metabolic acidosis that occurs at the time of sponta- 
neous closure of the ductus arteriosus, (2) the difficulty 
in obtaining a satisfactory anatomic repair, and (3) the 
severity of the associated cardiac malformations. Recent 
medical and surgical advances have facilitated the 
management of these critically ill infants. 

Role of prostaglandin E, therapy: Prostaglandin 
E; dilates the ductus arteriosus in newborn animals and 
human beings!?1416!7 and has been used extensively 
in the past 5 years in the management of infants with 
ductus-dependent cyanotic congenital heart dis- 
eases.!8-20 Because, in interruption of the aortic arch, 
circulation to the distal aorta is dependent on blood flow 
through the ductus arteriosus from the main pulmonary 
artery, prostaglandin E; can provide critical support in 
this condition as well. Reopening or dilatation of the 
ductus restores pulsatile flow to the descending aorta, 
usually with well saturated blood because of the asso- 
ciated large left to right shunts. This has been demon- 
strated clinically by several investigators.?!-?? Heyman 
et al.?? found an increase in pulsatile thoracic aortic 
pressure in six of seven infants treated with prosta- 
glandin E;. The arterial pH was at least 7.30 in all in- 
fants and no change was noted after infusion of pros- 
taglandin E;. 

In five of the six infants in our series with poor cardiac 
output and metabolic acidosis, the response to prosta- 
glandin E, was dramatic. Femoral pulses returned, 
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peripheral vasoconstriction abated, and metabolic ac- 
idosis lessened as a result of increased perfusion of the 
viscera and skeletal muscle. The major difference among 
the five infants who responded to prostaglandin Ej 
infusion and the one infant whose ductus was not ap- 
parently relaxed by the infusion was the lower initial 
arterial pH in the nonresponding infant. Age at the time 
of diagnosis, duration of symptoms and anatomic 
findings were otherwise similar. Previous reports!9-20 
of ductal response to prostaglandin E, infusion have not 
noted a poorer response to the drug in infants with 
profound acidosis. 

Although ductal dilatation improved the condition 
of the majority of infants in this series, complications 
with its use have been reported and its long-term effects 
are unknown. In some infants with interruption of the 
aortic arch, like our Patient 4, the earlier recognition 
and transport of neonates with congenital heart disease 
may result in diagnosis of their condition before ductal 
closure is signaled by the onset of acidosis. In these in- 
fants, ductal manipulation by prostaglandin E, infusion 
would not be necessary before operation. 

Role of early aortic arch grafting and other 
surgical procedures: A variety of surgical approaches 
to arch interruption have been suggested in recent re- 
ports. Palliative procedures have included pulmonary 
arterial banding either with direct anastomosis of the 
proximal and distal aorta,!? or with mobilization of the 
left common carotid artery or subclavian artery for 
anastomosis to the descending aorta.*?:1? This direct 
approach to repair is limited by the proximity of the 
proximal and distal aortic segments as well as by the size 
of the peripheral vessels involved in the anastomosis. 
Several groups?? have placed synthetic grafts, usually 
of Dacron$, between the main pulmonary artery and the 
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descending aorta, in this way creating an artificial 
ductus arteriosus. Grafts have also been interposed 
between the proximal and distal aorta.!?4 Total cor- 
rection of this complex anomaly, including closure of 
associated ventricular septal defect, has been accom- 
plished in four infants using profound hypothermia with 
total circulatory arrest.9-!! 

The placement of a polytetrafluoroethylene graft 
between a branch of the proximal aortic segment and 
the distal aorta as described in this report allows for a 
more physiologically sound redirection of distal sys- 
temic blood flow than does shunt placement from the 
pulmonary artery to the aorta. Furthermore, there has 
been a small incidence of anastomotic obstruction at the 
time of graft placement and excellent long-term graft 
patency using this graft. This experience contrasts with 
that reported by Allard et al?* who described poor 
long-term graft patency when small caliber Dacron 
grafts were used. It is not known if the use of a 4 mm 
polytetrafluoroethylene graft would impair long-term 
graft patency in infants in whom a larger graft was not 
feasible. 

The successful restoration of aortic continuity in all 
seven of the neonates operated on in this series has been 
gratifying. One factor in this improved operative mor- 
tality was the improved medical status of the infants at 
cardiac catheterization and at operation. Prostaglandin 
E; therapy resulted in ductal dilatation with enhance- 


AORTIC ARCH INTERRUPTION—ZAHKA ET AL. - 


ment of cardiac output and amelioration of the acidosis 
in all but one of those surgically treated infants. How- 
ever, overall mortality (five of eight) in this group of 
infants remains quite high, and is related to the com- 
plexity of the associated lesions, their initial palliation 
and the operative difficulties encountered during de- 
finitive surgical repair. The long-term difficulties with 
pulmonary arterial banding, including pulmonary ar- 
terial distortion and the development of severe right 
ventricular hypertrophy with right ventricular dys- 
function, directly contributed to two of the three late 
deaths. The marked increase in right ventricular wall 
thickness found in these infants could be a response 
peculiar to pulmonary arterial banding when performed 
in the 1st week of life. At this age, myocardial muscle 
cells may still be capable of undergoing hyperplasia as 
well as hypertrophy,?»?6 which may result in greater 
wall thickness and muscle mass. 

In summary prostaglandin E; and polytetrafluo- 
roethylene grafts have improved the immediate prog- 
nosis for neonates with interruption of the aortic arch. 
As further long-term follow-up data become available, 
the age at which graft replacement is necessary and the 
role of surgical palliation and total correction of the 
associated lesions will become more clearly defined. 
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Stress-Induced Ventricular Arrhythmia After 
Repair of Tetralogy of Fallot 
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The combination of ventricular arrhythmias found on routine electrocar- 
diography at rest and elevated right ventricular pressures may be asso- 
ciated with sudden death in patients after repair of tetralogy of Fallot. In 
this study data were reviewed from 104 patients who underwent treadmill 
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years, an average of 7 years after repair of tetralogy of Fallot. The fre- 
quency and form of ventricular arrhythmias as manifested in an electro- 
cardiogram at rest as well as before, during and after treadmill exercise 
tests were tabulated for each patient. Cardiac catheterization was per- 
formed within 1 week of the treadmill test in 82 of the 104 patients and 
the right ventricular systolic pressure, right ventricular end-diastolic 
pressure, pulmonary arterial systolic pressure and pulmonary to systemic 
flow (Qp/Qs) ratio were compared in patients with and without ventricular 
arrhythmias. In 15 (14 percent) of the 104 patients, ventricular arrhythmia 
was evident in the electrocardiogram at rest and in 31 (30 percent) it was 
induced by treadmill exercise; 5 of the 15 with arrhythmia at rest had no 
arrhythmia during exercise. Compared with the remaining 73 patients, 
the 31 patients who had ventricular arrhythmias during treadmill testing 
(1) were older (16.2 versus 12.8 years, p «0.01, t test) and were tested 
at a longer interval after repair of tetralogy of Fallot, (2) had greater right 
ventricular systolic pressure (52.7 versus 41.3 mm Hg, p <0.005), (3) 
had greater right ventricular end-diastolic pressure (8.0 versus 6.1 mm 
Hg, p <0.001), and (4) had no difference in pulmonary arterial systolic 
pressure or Qp/Qs ratio. Uniform premature ventricular complexes were 
found in 28 patients, multiform premature ventricular complexes in two 
and ventricular tachycardia in one. Patients whose ventricular arrhythmia 
appeared with exercise had similar hemodynamic findings to-those whose 
arrhythmia disappeared with exercise. Two patients, each with elevated 
right ventricular systolic pressure and multiform premature ventricular 
complexes, had cardiac arrest at home. 

It is concluded that (1) treadmill exercise testing is a sensitive method 
for detecting ventricular arrhythmia in patients after repair of tetralogy 
of Fallot; (2) ventricular arrhythmia during treadmill exercise is related 
to abnormal hemodynamic status; (3) multiform premature ventricular 
complexes, couplets or ventricular tachycardia with exercise testing are 
highly associated with abnormal hemodynamic status and sudden death; 
(4) suppression of ventricular arrhythmia with exercise is neither the 
characteristic nor necessarily the benign response in these patients; and 
(5) ventricular arrhythmia may be a late developing phenomenon and may 
increase with longer postoperative intervals. Patients after repair of te- 
tralogy of Fallot should be treated for ventricular arrhythmia detected in 
the electrocardiogram at rest or during treadmill exercise testing. 


The combination of premature ventricular complexes occurring late 
postoperatively and persistently abnormal hemodynamic findings may 
be associated with sudden death in patients after repair of congenital 
cardiac defects. We recently reported our data on 207 patients who 
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survived intracardiac repair of tetralogy of Fallot.! In 
the routine electrocardiogram obtained at rest, 21 (10 
percent) of these patients had premature ventricular 
complexes and 8 (38 percent) of the 21 died suddenly. 
Each of the patients who died had a right ventricular 
systolic pressure of 70 mm Hg or greater. None had left 
anterior hemiblock. Because of these findings, as well 
as those of James et al.,? which indicated that exer- 
cise-induced ventricular arrhythmia might be predictive 
of later sudden death, we have routinely been per- 
forming exercise tests in patients after intracardiac 
repair of tetralogy of Fallot. 

It was the purpose of this study: (1) to compare the 
incidence of ventricular arrhythmias found on routine 
electrocardiography at rest with that found on exercise 
testing in patients who have had intracardiac repair of 
tetralogy of Fallot; (2) to determine the relation of 
ventricular arrhythmia to postoperative hemodynamic 
status; and (3) to assess the prognosis for patients who 
have ventricular arrhythmia either on routine electro- 
cardiography or during exercise testing. 


Methods 


Study patients: We reviewed the records of all patients who 
had had intracardiac repair of tetralogy of Fallot and found 
104 who had a postoperative treadmill test performed between 
1974 and 1979. These patients were unselected. Treadmill 
testing is part of our routine postoperative evaluation of te- 
tralogy of Fallot. In patients who had more than one treadmill 
test, the test given closest to postoperative cardiac catheter- 
ization was examined. All patients had repair of tetralogy of 
Fallot with ventriculotomy, infundibulectomy and closure of 
the ventricular septal defect with a patch. Approximately 75 
percent of our patients had a transanular outflow patch 
placed. We did not examine the effect of outflow tract 
patching on the later development of arrhythmia. 

The mean age of the 104 patients at the time of the tread- 
mill test was 13.8 years (range of 5 to 32); this was a mean of 
7.0 years after surgery (range 1 month to 18 years). The mean 
age of the patients at repair of tetralogy of Fallot was 6.8 years 
(range 2.2 to 14.3). This is a different patient group from the 
207 patients recently reported on in a long-term follow-up 
study of patients after repair of tetralogy of Fallot,! with the 
exception that 17 patients were included in both studies. 

Treadmill exercise protocol: A modified Bruce protocol? 
was used in all patients. Before the test, 10 electrodes were 
placed on the patient to allow recording of three simultaneous 
electrocardiographic leads. Before exercise, standard 12 lead 
electrocardiograms were recorded with the patient standing 
and sitting. These recordings were included as part of the test 
because they could have disclosed a mild anxiety state as the 
patient anticipated the impending exercise. During the test, 
leads II, aVF and V5 were monitored continually on an oscil- 
loscope. In addition, any arrhythmia noted was stored on the 
oscilloscopic screen and transcribed immediately onto paper. 
The postexercise electrocardiogram was monitored and re- 
corded every minute for at least 5 minutes. Data on arrhyth- 
mias were tabulated according to when they occurred: before, 
during or after exercise. 

Because so many patients had complete right bundle 
branch block, which can cause secondary S-T segment and T 
wave changes, we did not analyze the records for S-T segment 
shift. The end point of the test occurred when, despite con- 
siderable verbal encouragement, a patient refused to exercise 
further. We did not find it necessary to stop the exercise test 
in any patient. As an estimate of exercise tolerance, the mean 
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work to exhaustion was calculated for each patient. In addition 
to the exercise data, the routine electrocardiogram taken with 
the patient at rest at a time other than the treadmill test 
(within 1 week) was also examined for ventricular arrhyth- 
mias. 

Cardiac catheterization: This procedure was performed 
in 82 of 104 patients within 1 year of the treadmill test.! For 
each patient, the right ventricular systolic pressure, right 
ventricular end-diastolic pressure, pulmonary arterial systolic 
pressure and pulmonary to systemic flow ratio were tabulated 
and related to the exercise and electrocardiographic data. 

Statistical analysis: For the patients who died, the interval 
from the treadmill test to death was recorded; for the other 
patients, the interval from the treadmill test to the most recent 
clinic visit was recorded as the follow-up interval. Statistical 
analysis comparing continuous data for patients was per- 
formed using Student’s t test. Comparison for categorical data 
was performed using chi-square analysis. Statistical signifi- 
cance was inferred if the probability of the difference occur- 
ring by chance was 0.05 or less. 


Results 
Arrhythmias 


Routine electrocardiogram at rest: Among the 104 
patients, 15 had at least one single premature ventric- 
ular complex detected on routine electrocardiography 
(Fig. 1); in 13, the premature complexes were uniform 
and in two, multiform. One additional patient without 
premature ventricular complexes had sinus rhythm with 
type II second degree atrioventricular (A-V) block. 
Complete right bundle branch block was found in 96 
patients (92 percent); 10 (10 percent) of the 104 patients 
had the combination of complete right bundle branch 
block and left anterior hemiblock. No patient had left 
anterior hemiblock without complete right bundle 
branch block. There was no significant association of 
premature ventricular complexes with left anterior 
hemiblock. 

Treadmill exercise test: Thirty-one (30 percent) of 
the 104 patients had ventricular arrhythmia during 
treadmill testing; 21 patients had at least one single 
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FIGURE 1. Prevalence of ventricular arrhythmia in 104 patients who 


underwent a treadmill exercise test after intracardiac repair of tetralogy 
of Fallot. ECG = electrocardiogram. 
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FIGURE 2. Timing of ventricular arrhythmia during treadmill testing. The 
largest group (10 patients) had no arrhythmia until the postexercise 


recovery period. In five patients, the arrhythmia occurred before and 
after exercise but was suppressed during actual exercise. 
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uniform premature ventricular complex, four had single 
multiform premature ventricular complexes, four had 
at least one couplet and two had ventricular tachycar- 
dia. In five patients, the premature ventricular com- 
plexes found on routine electrocardiography at rest were 
not reproduced on exercise testing; 10 had ventricular 
arrhythmia both during routine electrocardiography 
and during exercise testing; 21 had ventricular ar- 
rhythmia only during the test and 68 had no ventricular 
arrhythmia (Fig. 1). There was no significant association 
between ventricular arrhythmia found during the ex- 
ercise test and left anterior hemiblock. | 
Ventricular arrhythmia occurred during all periods 
of the exercise test (Fig. 2). It was detected only imme- 
diately before exercise in 1 patient, only during the test 
in 7 patients and only after exercise in 10 patients; 6 
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FIGURE 3. Ventricular arrhythmia during treadmill testing. Top, the 
electrocardiogram of this asymptomatic 23 year old woman shows no 
arrhythmia before exercise but single uniform premature ventricular 
complexes 4 minutes into the exercise protocol with a heart rate of 116 
beats/min. After 13 minutes of exercise, the premature complexes are 
suppressed with a heart rate of 154 beats/min. No arrhythmia is noted 
in the postexercise recovery period. Left, exercise electrocardiogram 
of a 32 year old woman who later died suddenly. Before exercise, 
multiform premature ventricular complexes are found. The sinus rate 
is 67/min. After 8 minutes of exercise, the sinus rate is 88/min and the 
premature complexes are suppressed. In the postexercise recovery 
period, multiform ventricular bigeminy occurs. 
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patients had ventricular arrhythmia both during and 
after the test, 5 both before and after but not during 
exercise and 2 had ventricular arrhythmia before, dur- 
ing and after exercise (Fig. 3). 

Two other patients without arrhythmia at rest had 
premature atrial complexes during the treadmill testing. 
The one patient with advanced A-V block had an im- 
proved A-V conduction ratio (that is from 3:1 to 2:1) 
with exercise testing but had no ventricular arrhythmia. 
One of the eight patients without right bundle branch 
block at rest had functional right bundle branch block 
with an increase in heart rate during exercise (Fig. 4). 


Exercise Tolerance 


The exercise tolerance, as measured by the mean 
work to exhaustion, was within the normal range for our 
laboratory in all but five patients. Ventricular ar- 
rhythmia was found in four of these five patients either 
on routine electrocardiography or with exercise testing. 
This finding was compared with the occurrence of 
ventricular arrhythmia in 27 of the 99 patients with a 
normal exercise tolerance. Although the numbers are 
small, there is a statistical relation (p <0.05) between 
decreased exercise tolerance and ventricular ar- 
rhythmia. 


Hemodynamics 


The hemodynamic data for the 82 patients who un- 
derwent cardiac catheterization are summarized in 
Figure 5. The hemodynamic results are similar to those 
of our other published series of routine postoperative 
catheterization in patients after intracardiac repair of 
tetralogy of Fallot,! with approximately 50 percent 
having an excellent and 30 percent having a poor he- 
modynamic result. These data indicate that the patients 
in this study were not selected for treadmill testing on 
the basis of their hemodynamic status. Systematic 
evaluation of the degree of pulmonary regurgitation 
(that is, by velocity catheter) was not carried out at 
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FIGURE 5. Hemodynamic results in 82 of the 104 patients who under- 
went postoperative cardiac catheterization. The definitions of the terms 
"excellent", “good” and “poor” hemodynamic result are shown in the 
figure. PASP = pulmonary arterial systolic pressure; Qp/Qs = pul- 
monary to systemic flow ratio; RVSP - right ventricular systolic pres- 
sure. 
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FIGURE 4. Exercise electrocardiogram of a 13 year old boy, 7 years 
after repair of tetralogy of Fallot. In the preexercise period, with a heart 
rate of 73 beats/min, the QRS duration is 0.08 second with increased 
anterior forces but without terminal conduction delay. During exercise 
testing, with a heart rate of 150 beats/min, the QRS duration increases 
to 0.14 second with a configuration of complete right bundle branch 
block. 


cardiac catheterization; 85 percent of the patients had 
a murmur of pulmonary regurgitation. Because the 
cardiac catheterization data could not be evaluated for 
pulmonary regurgitation even qualitatively (very few 
had a main pulmonary arterial angiogram), we did not 
include pulmonary regurgitation in our analysis. Of the 
31 patients with ventricular arrhythmia, 22 had cardiac 
catheterization. 


Relations Among Variables 


Age and ventricular arrhythmia: When we com- 
pared those who had ventricular arrhythmia during the 
treadmill test with those who did not, we found that, 
although the age at intracardiac repair was similar in the 
two groups, those with ventricular arrhythmia were 
significantly older at the time of the test and were 
studied significantly longer after operation (Table I). 


TABLE | 


Age Versus Ventricular Arrhythmias During 
Treadmill Testing 


Ventricular No Ventricular 


Arrhythmias Arrhythmias 
on Treadmill on Treadmill 
Test Test 
(n = 31) (n = 73) p 


n 
Age at repair of TOF (yr) 7.3 + 6.4 6.6 + 5.0 
Age at treadmill test (yr) 16.2 4: 1.1 12.8 + 0.6 «0.01 
Years postoperative at 8.6 + 1.0 6.4 + 0.6 
treadmill test 


* Standard error of the mean. 
NS = not significant; p = probability; TOF = tetralogy of Fallot. 
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TABLE Il 
Electrocardiographic and Hemodynamic Data 


——————————————————————————————————————————————— 





Pressures* 
Mean 
RVSP RVED PASP Qp/Qs 
2.60 mm Hg 2.8 mm Hg 2.40 mm Hg Ratio 
———————— PUE RO ee i Nh A A mR OS api. so ccce. SA EE r di. RN ioco RR 
Routine electrocardiography 53 47 20 0.0 
Ventricular arrhythmia 
present (15 patients) 
Ventricular arrhythmia 27 29 9 0.13 
absent (67 patients) 
p «0.05 NS NS NS 
Treadmill testing 50 40 12 0.12 
Ventricular arrhythmia 
present (22 patients) 
Ventricular arrhythmia 16 23 11 0.05 
absent (60 patients) 
p «0.001 «0.001 NS NS 


* Data are presented as percent of electrocardiographic group; for example, 53 percent of the 15 patients with ventricular arrhythmia on routine 
electrocardiography had a right ventricular systolic pressure of 60 mm Hg or more. 

n = number; NS = not significant; p = probability; PASP = pulmonary arterial systolic pressure; Qp/Qs = pulmonary to systemic flow ratio; 
RVED = right ventricular end-diastolic pressure; RVSP = right ventricular systolic pressure. 


Occurrence of ventricular arrhythmia and he- 
modynamics: Fifteen patients who had ventricular 
arrhythmia detected on the routine electrocardiogram 
at rest underwent cardiac catheterization. In eight (53 
percent), the right ventricular systolic pressure was 60 
mm Hg or greater. In 18 of 67 (27 percent) who had no 
arrhythmia on routine electrocardiography and who had 
undergone cardiac catheterization, the right ventricular 
systolic pressure was 60 mm Hg or more (Table II). 
Therefore almost twice as many patients with as those 
without premature ventricular complexes on electro- 
cardiography at rest had an elevated right ventricular 
systolic pressure (p <0.05). There was no other signifi- 
cant relation found in comparing the right ventricular 
end-diastolic pressure, pulmonary arterial systolic 
pressure or pulmonary to systemic flow ratio between 
patients with and without ventricular arrhythmia on 
routine electrocardiography. However, significantly 
more patients with than without ventricular arrhythmia 
during treadmill testing had an elevated right ventric- 
ular systolic pressure and more of the former group had 
a higher right ventricular end-diastolic pressure (Table 
II). Again, the pulmonary arterial systolic pressure and 
pulmonary to systemic flow ratio in these two groups 
were not different. 





TABLE Ill 
Timing of Ventricular Arrhythmia and Hemodynamic Results 
RVSP 260 RVED 28 
mm Hg mm Hg 
Ventricular arrhythmia 7/13 (5496) 8/13 (6296) 
during exercise 
Ventricular arrhythmia 6/13 (4696) 7/12 (5896) 


before or after exercise 
p = NS. 





Abbreviations as in Table II. 
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Timing of ventricular arrhythmia and hemody- 
namic status: Among the 31 patients who had ven- 
tricular arrhythmia at some time during the treadmill 
test, 15 had ventricular arrhythmia during exercise itself 
(Fig. 2) and 16 had ventricular arrhythmia either before 
or after exercise, but not while exercising (Table III). 
Thirteen from each group underwent cardiac cathe- 
terization and there was no significant difference in the 
hemodynamic status. There was also no difference be- 
tween the hemodynamic status of the six patients who 
had ventricular arrhythmia only during (not before or 
after) exercise and that of the five patients who had 
ventricular arrhythmia before and after but not during 
exercise. 

Form of ventricular arrhythmias and hemody- 
namics: Complex ventricular arrhythmias (multiform 
premature ventricular complexes, paired premature 
complexes or ventricular tachycardia) detected on the 
treadmill test were generally associated with an elevated 
right ventricular systolic pressure (Table IV). Almost 
all patients with complex arrhythmias had elevated 
right ventricular systolic pressure compared with ap- 
proximately half of those with single, uniform prema- 
ture ventricular complexes. The two patients who had 
multiform premature ventricular complexes on routine 








TABLE IV 
Form of Ventricular Arrhythmia and Hemodynamic Results 
RVSP 260 
mm Hg 
Uniform, single PVCs 7/16 (4496) 
Multiform, single PVCs 3/4 (7596) 
Paired PVCs 4/4 (10026) 
Ventricular tachycardia 2/2 (10096) 


PVCs = premature ventricular complexes; RVSP = right ventricular 
systolic pressure. 
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electrocardiography at rest also had them on treadmill 
testing, and in each the right ventricular systolic pres- 
sure was 60 mm Hg or more. 


Follow-Up Period 


The follow-up period ranged from 6 months to 5 years 
after the treadmill test with a mean of 2.1 years. Thus 
far, two patients have had cardiac arrest (neither epi- 
sode was monitored), and one patient was successfully 
resuscitated. Each patient had abnormal hemodynamic 
findings and multiform premature ventricular com- 
plexes both on routine electrocardiography and im- 
mediately before treadmill testing. One patient exhib- 
ited ventricular tachycardia with exercise and had 
ventricular bigeminy in the recovery period. In the other 
patient, the arrhythmia disappeared completely with 
exercise and ventricular bigeminy occurred in the re- 
covery period. Neither patient had left anterior hemi- 
block. After the test, both patients were treated with 
quinidine and had a cardiac arrest during treatment 
with this drug within 1 year of the treadmill test. Both 
had a serum concentration of quinidine in the thera- 
peutic range within 3 months of the cardiac arrest. 


Discussion 


Prevalence and Prognosis of Ventricular Arrhythmias 


Normal children: Ventricular arrhythmias can be 
either completely benign or lethal depending on the 
type of arrhythmia and the clinical situation. Single 
uniform premature ventricular complexes may be de- 
tected on routine electrocardiography in 2.4 percent of 
normal children.* In a long-term follow-up study of 17 
children with a normal heart and premature ventricular 
complexes, Jacobsen et al.* demonstrated that the ar- 
rhythmia had disappeared in 9, a mean of 7 years later; 
the other 8 children continued to be asymptomatic. The 
response of all these normal patients with premature 
ventricular complexes at rest was complete suppression 
of the arrhythmia with exercise. Despite the stated lack 
of reproducibility of exercise testing in adults, exercise 
testing in children has been shown to be reproducible 
and a valuable provocative test for arrhythmias.25-10 
[n normal children, single uniform premature ventric- 
alar complexes appear to be rare and benign.^!? Addi- 
tional data on children with a normal heart and accel- 
rated ventricular rhythm or ventricular tachycardia 
1ave shown that, in general, these arrhythmias are also 
vell tolerated in children.!!-15 

Children after intracardiac repair: In children 
vith an abnormal heart, premature ventricular com- 
jlexes are more common and more dangerous. In a 
previous study from our institution with a different 
yatient population,! we found the prevalence rate of 
rentricular arrhythmia on routine electrocardiography 
it rest in patients after intracardiac repair to be ap- 
oroximately 10 percent. Of those with ventricular ar- 
‘hythmia, 38 percent died suddenly 3 months to 10 
rears after operation. None of these patients had left 
interior hemiblock. Although the late development of 





complete A-V block may be a cause for a small number 
of late deaths after repair of tetralogy of Fallot,!9.17 a 
more common antecedent factor of late death appears 
to be ventricular arrhythmia.!5-?! 

In this study, we found that 30 percent of patients had 
ventricular arrhythmia during treadmill exercise test- 
ing. This finding is in agreement with the 23 percent 
reported by James et al.? in patients after repair of te- 
tralogy of Fallot. In contrast to the findings in children 
with a normal heart, ventricular arrhythmia in our pa- 
tients occurred at various times during the test and 
suppression of premature complexes by exercise was not 
the typical response. Because such complexes were 
completely suppressed with exercise in one patient who 
later died suddenly, we also conclude that such sup- 
pression in patients with an abnormal heart is not nec- 
essarily associated with a benign outcome. 

Type of ventricular arrhythmia at rest and 
during exercise: The implications of the occurrence 
of ventricular arrhythmias during exercise testing in a 
patient after repair of tetralogy of Fallot are uncertain. 
Two of our 31 patients with such arrhythmia during 
treadmill testing died suddenly. Both patients had 
multiform premature ventricular complexes on routine 
electrocardiography as well as during treadmill testing. 
'There were no deaths among the 21 patients who had 
ventricular arrhythmia on treadmill testing only. Sim- 
ilarly, in the patients described by Winkler et al. with 
complete A-V block and ventricular arrhythmias, those 
who later died had either ventricular arrhythmia on 
electrocardiography at rest or a complex arrhythmia 
(multiform premature ventricular complexes, couplets 
or ventricular tachycardia) on exercise testing. There- 
fore, it is apparent that among patients with an abnor- 
mal heart, those with any type of ventricular arrhythmia 
detected on routine electrocardiography at rest may 
have a poor prognosis. Our patients with uniform pre- 
mature ventricular complexes found only during exer- 
cise testing do not appear to be at increased risk of 
death. Our information extends only for a mean of 2 
years after treadmill testing and only further follow-up 
study will determine the outcome for patients with 
uniform premature complexes. 


Other Prognostic Variables 


Hemodynamics and ventricular arrhythmias: Our 
previous studies indicated a relation between the 
presence of premature ventricular complexes on elec- 
trocardiography at rest and elevated right ventricular 
pressure. The results of our study confirm the associ- 
ation between abnormal hemodynamic findings and 
ventricular arrhythmia. However, because not all of the 
patients in our study with ventricular arrhythmia had 
abnormal hemodynamic findings, the finding of such 
arrhythmia is not an absolute predictor of a poor he- 
modynamic result. 

Age and ventricular arrhythmia: We also found 
a significantly increased prevalence of ventricular ar- 
rhythmia on treadmill testing in older patients who were 
also studied at the longest interval after operation. In 
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normal adult volunteers, there is also an increase in 
prevalence of ventricular arrhythmia with increasing 
age.?? It is possible that the larger prevalence of ven- 
tricular arrhythmia with age in our patients is simply 
due to a larger prevalence of “naturally occurring” 
ventricular arrhythmia. However, it is also possible that 
the longer a patient lives with a right ventriculotomy, 
residual patchy fibrosis and hypertrophy, the more 
likely he is to have ventricular arrhythmia. 


Conclusions and Recommendations 


1. Exercise testing is a more sensitive method for 
detecting ventricular arrhythmias than is routine 
electrocardiography and therefore is recommended for 
all patients who have had repair of tetralogy of 
Fallot. 

2. Residual hemodynamic abnormality is generally 
associated with the presence of ventricular arrhythmia 
both on routine electrocardiography and with exercise 
testing. However, this association is not sufficiently 
predictive in an individual patient to permit avoidance 
of routine postoperative cardiac catheterization. 

3. Although in children with a normal heart the 
characteristic response to exercise is suppression of 
ventricular arrhythmia, this is not the characteristic, 
nor necessarily the benign response in patients with an 
abnormal heart. Therefore, the finding of ventricular 
arrhythmia during an exercise test should be given equal 
weight whether the arrhythmia is detected in the 
preexercise, exercise or postexercise recovery electro- 
cardiogram. 


4. Complex ventricular arrhythmias (multiform or 
paired premature ventricular complexes, ventricular 
tachycardia) are highly associated with abnormal he- 
modynamic findings and sudden death. Antiarrhythmic 
treatment is therefore recommended for all patients 
with a complex arrhythmia, whether the arrhythmia is 
found on routine electrocardiography or provoked by 
exercise testing. 

5. Ventricular arrhythmia may be a late developing 
phenomenon. Exercise testing every 2 to 3 years is 
therefore recommended for all patients. 

Treatment: After intracardiac repair of tetralogy of 
Fallot, the prognosis for patients with complex ven- 
tricular arrhythmia or uniform premature ventricular 
complexes with elevated right ventricular systolic 
pressure is clearly poor, regardless of the conditions 
under which the arrhythmia occurred. Therefore, all 
these patients should be treated with antiarrhythmic 
medication. The significance of single uniform prema- 
ture ventricular complexes in patients with a good he- 
modynamic result, whether detected on routine elec- 
trocardiography or during exercise testing, is unsettled. 
We consider treatment with a relatively benign drug 
such as phenytoin”? to be superior to the possible con- 
sequences of ventricular tachycardia and sudden death. 
We recognize that this is an aggressive treatment policy 
for patients with postoperative arrhythmia and that 
other institutions may choose to adopt a different pol- 
icy. If different treatment strategies are followed, then 
a comparison of the results should yield the optimal 
management plan for these patients. 
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The incidence and significance of dual atrioventricular (A-V) nodal 
pathways are described in 78 children with associated congenital or 
acquired heart disease. None of these patients had clinical or electro- 
cardiographic evidence of arrhythmia. Dual A-V nodal pathways were 
observed in 35 percent of the preoperative group and in 33 percent of the 
postoperative group. Despite this substrate for A-V nodal reentry, su- 
praventricular tachycardia was neither induced during electrophysiologic 
evaluation nor did it develop clinically over a follow-up period of 1 month 
to 15 years. It is concluded that dual A-V nodal pathways are common 
and may be a benign finding in arrhythmia-free children with heart dis- 
ease. 


Moe et al.! provided evidence in animals of dual atrioventricular (A-V) 
nodal conduction pathways when they demonstrated an abrupt increase 
in the A-V conduction time when the atrial coupling interval was re- 
duced. This resulted in discontinuous A-V conduction curves and im- 
plied the presence of parallel A-V conduction pathways with different 
electrophysiologic properties. Discontinuous A-V nodal conduction 
curves (A,-A» and H,-H5) suggestive of the presence of dual A-V nodal 
pathways have been found in patients without supraventricular tachy- 
cardia? and have been demonstrated as a common mechanism for su- 
praventricular tachycardia in adults and children.?-!? Denes et al.? re- 
ported a 10 percent incidence rate of dual A-V nodal pathways in a mixed 
group of adults, most of whom had disease of the conduction system, 
whereas Thapar and Gillette? reported an overall incidence rate of 46 
percent in a group of children, most of whom were evaluated because of 
arrhythmias. This report describes the incidence of dual A-V nodal 
pathways in 78 preoperative and postoperative children with cardiac 
defects in whom there was no clinical or electrocardiographic evidence 
of arrhythmias; they were found in 35 percent of the preoperative group 
and 33 percent of the postoperative group. Our observations indicate 
that dual A-V nodal pathways are common in arrhythmia-free children 
with heart disease and probably represent functional properties of the 
human A-V node. 


Methods 


Patients: Diagnostic cardiac catheterization and electrophysiologic studies 
were performed in 78 consecutive patients. The patients were classified into two 
groups. Group I consisted of 51 preoperative patients with the following heart 
defects: secundum atrial septal defect (10), ventricular septal defect (11), 
coarctation of the aorta (3), rheumatic heart disease (2), endocardial cushion 
defect (6), pulmonary valve stenosis (10), aortic valve stenosis (2), tetralogy of 
Fallot (2), corrected transposition of the great vessels (1), primary pulmonary 
hypertension (1), congenital mitral insufficiency (1) and myocarditis (1). One 
patient had a normal heart. The patients' ages ranged between 10 months and 
18 years. Group II consisted of 27 patients with repaired cardiac defects: tetralogy 
of Fallot (17), ventricular septal defect (3), endocardial cushion defect (3), 
transposition of the great vessels (1), subvalvular aortic stenosis (2) and double 
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outlet right ventricle (1). The patients’ ages ranged between 
2 and 18 years. The electrocardiograms in both groups re- 
vealed normal P-R intervals and no arrhythmias. 
Electrophysiologic studies: The 78 patients were pre- 
medicated with combinations of Demerol®, Phenergan®, 
Thorazine® and Nembutal® (49); Demerol, Phenergan and 


Thorazine (26); Demerol and Nembutal (2); and general an- 
esthesia (1). The electrophysiologic studies were conducted 
after completion of cardiac catheterization. A tripolar catheter 
was introduced percutaneously through the right femoral vein 
and positioned across the tricuspid valve for recording of the 
low septal right atrial and His bundle electrograms.!! A second 


TABLE | 
Electrocardiographic and Electrophysiologic Data on 27 Children With Heart Defects and Dual A-V Nodal Pathways 
Sex 
& Age Clinical Fast Pathway Slow Pathway 
Case (yr) Diagnosis P-R QRS QRS Axis ERP/FRP ERP/FRP 
Group | (preoperative) 
1 F13 Rheumatic MI 136 75 +50 S = AR/<275; S-— 
P — 240/270 P = AR/AR 
2 M5 PS, rubella syndrome 151 70 +45 S = 280/380; S = AR/AR; 
+ PDA P = 270/<360 p- 
3 F8 ASD(2?) 113 85 +75 S =*; =*; 
P = 240/<330 P = AR/AR 
4 M14 ASD(2°) 160 75 +120 S = 330/585; S = 280/660; 
P = 310/480 P= 
5 M5%;0 AS 158 60 +90 S = 300/405; S = 250/470; 
P = 310/395 P = 240/465 
6 F3 VSD 159 70 +80 S = 220/365; S = NR/NR; 
=* P =* 
7 F10 Syncope, normal heart 169 65 +60 S = 280/430; S = NR/NR; 
P = NR/NR - 
8 M16 Coarctation of aorta 125 85 +60 S = NR/NR; g- 
P = 320/425 P — AR/AR 
9 M1 VSD 70 135 +80 S = 260/315; S = <215/350; 
P = NR/NR P— 
10 F5 VSD 60 120 +60 S = 340/440; $~: 
P = 340/415 P = 300/430 
11 F5 PS 95 140 +100 S = AR/AR; S 
P = 270/360 P — AR/AR 
12 M4$/; ASD(2°) 80 141 +60 S = 250/400; S = AR/AR; 
P = 250/400 P = AR/AR 
13 F59;,. Corrected TGV, VSD 85 166 +30 S = AR/AR; S-; 
P — 220/340 P — AR/AR 
14 M79; PS, PPS 80 163 T90 S — 280/450; S — AR/AR; 
P — 300/440 P — 280/410 
15 M4 i2 Primary pulmonary 100 136 +135 S = 340/410; S = <270/>410; 
hypertension P = 260/410 P— 
16 F17 Congenital mitral 80 148 T75 S = AR/AR; e 
insufficiency P — 360/410 P = 270/420 
17 M17 S 100 173 +110 S = 330/340; S = AR/AR; 
P = 350/425 P = 310/555 
18 M4 VSD 75 139 +80 S = 260/355; S = 240/395; 
P = 260/340 P = <260/365 
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Group II (postoperative) 


19 F9 To F (4)! 134 
20 F5 To F (3)! 190 
21 F6 To F (2)! 149 
22 F5 To F (2)! 137 
23. M6 To F (2)! 160 
24 M694, ^ ECD(4) 157 
25 F895 Subaortic stenosis 138 
(5) 
26 M59. VSD (2945)! 142 
27 M17 175 


Subaortic stenosis 
(12)! 


120 +90 S = 295/350; S — AR/AR; 
P = 310/370 P = AR/AR 
190 +120 S = 310/400; S = AR/AR; 
P =* =* 
100 +60 S = 455/520; S = 300/665; 
P = 380/440 P = 350/520 
140 Indet. — S = 410/500; S = 400/525; 
P = 450/510 P— 
120 Indet. S = 570/610; S = 450/600; 
P = 520/590 P— 
75 —45 S = 260/330; S = <260/<440; 
P = 260/330 P = 250/420 
105 +75 S = 290/350; S = AR/AR; 
P = 290/355 P = AR/AR 
100 +90 $= 330/445; S = AR/AR; 
P = 330/425 P = AR/AR 
160 +10 S = 350/490; S = 340/580; 
P = 350/490 P = 340/550 


* Refractory periods were not determined. ! Numbers in parentheses indicate number of years after operation. 
AR = limited by atrial refractoriness; AS = aortic stenosis; ASD(2°) = atrial septal defect (secundum); ECD = endocardial cushion defect; ERP 
— effective refractory period; FRP — functional refractory period; Indet. — indeterminate; MI — mitral insufficiency; NR = not reached; P = atrial 
paced cycle; P— = no dual pathways on paced rhythm; PDA = patent ductus arteriosus; PPS = peripheral pulmonic stenosis; PS = valvular pulmonic 


stenosis; S = sinus cycle; S— = no dual pathways on sinus rhythm; TGV = transposition of the great vessels; To F = tetralogy of Fallot; VSD = 


ventricular septal defect. 
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tripolar or tetrapolar catheter was introduced through the 
same femoral vein and positioned in the high right atrium for 
stimulation and for recording the high right atrial electro- 
gram. 

Surface electrocardiographic leads I, II, III or I, II and V, 
and intracardiac electrograms were recorded simultaneously 
on a multichannel photographic recorder (Electronics for 
Medicine DR-12, White Plains, New York) with a paper speed 
of 100 mm/s and filter settings of 40 to 500 hertz. Stimuli were 
delivered by a programmable digital stimulator (Medtronics 
model 5325 programmable stimulator) with a strength of twice 
diastolic threshold and a duration of 2 ms. 

Rapid atrial pacing and programmed atrial extrastimu- 
lation were performed in all patients. The atrial and atrio- 
ventricular (A-V) nodal refractory periods were determined 
utilizing the atrial extrastimulus technique.!? Coupling of an 
atrial extrastimulus to both sinus and atrial paced cycle 
lengths was performed in 61 of the 78 patients; coupling of the 
extrastimulus to sinus cycle length only or to an atrial paced 
cycle length only was performed in 14 and 3 patients, re- 
spectively. 

Ventricular extrastimulation studies were performed in 
54 patients and in the majority the extrastimulus was coupled 
to the sinus rhythm. 

The atrial or ventricular test innis (So) was introduced 
after every eighth spontaneous or driven beat (S;). The cou- 
pling interval was decreased by 10 to 20 ms decrements during 
both atrial and ventricular extrastimulation. 

Definitions: HRA), A;, Hı and V; refer, respectively, to the 
high right atrial, low septal right atrial, His bundle and ven- 
tricular electrograms of spontaneous sinus or driven beats. 
HRA», Ao, Hə and V» refer to the respective responses to the 
extrastimulus (S5). Refractory periods and A-V conduction 
intervals were defined and measured as described by Denes 
et al.!? and Castellanos et al.,!* respectively. 

The diagnosis of dual A- V nodal pathways was based on 
the induction of discontinuous A-V nodal conduction curves 
(A1-À» and H,-H5) with programmed atrial extrastimula- 
tion. The curve to the right of the discontinuity reflected 
fast A-V nodal pathway conduction, and to the left slow A-V 
nodal pathway conduction. The effective refractory period 
of the fast A-V nodal pathway was the longest A;-A» interval 
that failed to conduct through the fast A-V nodal pathway, 
and its functional refractory period was the shortest H,-H» 
interval on the fast A-V nodal pathway curve. The effective 
refractory period of the slow A-V nodal pathway was the 
longest A4-A» interval that was not conducted through the 
slow A-V nodal pathway, and its functional refractory period 
was the shortest H;-H» interval on the slow A-V nodal path- 
way curve. 

A- V nodal reentry was diagnosed by the occurrence of atrial 
echoes with a low to high atrial activation sequence. The echo 
zone was defined as the zone within which atrial extrastimuli 
induced atrial echoes.!?-!? The critical A-H interval was the 
shortest A»-H» interval inducing an atrial echo.!? 


Results 


Dual A-V nodal pathways were demonstrated in 27 
(35 percent) of the 78 patients—18 (35 percent) of the 
51 in the preoperative group and 9 (33 percent) of the 
27 in the postoperative group. Of 27 patients who had 
dual atrioventricular (A-V) nodal pathways 24 were 
studied with the atrial extrastimulus coupled to both 
sinus and paced rhythms. In 11 of these 24 patients dual 
A-V nodal pathways were documented during coupling 
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of the atrial extrastimulus to both sinus and paced atrial 
rhythms: in 7 during sinus rhythm only and in 6 during 
paced rhythm only. 

In 20 of the 27 patients with dual A-V nodal path- 
ways, ventricular extrastimulation was performed. 
Ventriculoatrial (V-A) conduction was present in 10 
patients, an incidence rate of 50 percent. The incidence 
rate of V-A conduction in patients without dual A-V 
nodal pathways was 49 percent. 

The effective and functional refractory periods of 
the fast A-V nodal pathway ranged between 220 and 
570 and 270 and 610 ms, respectively, whereas the ef- 
fective and functional refractory periods of the slow A-V 
nodal pathway ranged between 240 and 450 and 350 and 
665 ms, respectively (Table I). Accurate measurement 
of the refractory periods of the slow A-V nodal pathway 
was limited by atrial refractoriness in 12 patients. The 
effective and functional refractory periods of the fast 
A-V nodal pathway in the preoperative group were 287 
+ 42 and 398 + 61 ms, respectively. The effective and 
functional refractory periods of the fast A-V nodal 
pathway in the postoperative group was 345 + 80 and 
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FIGURE 1. Patient 19. A-V conduction curves (A4A5 and H4Ho; A4A5 
and A2H») during atrial extrastimulation coupled to sinus rhythm. The 
average sinus cycle length (CL) is 530 ms. Note discontinuity due to a 
sudden increase in atrioventricular (A-V) nodal conduction time (A5H;) 
at a coupling interval of 295 ms. In this and subsequent figures closed 
circles represent responses without atrial echoes; open circles rep- 
resent responses with atrial echoes. The effective and functional re- 
fractory periods of the fast pathway were 295 and 350 ms, respectively. 
The effective and functional refractory periods of the slow pathway were 
limited by atrial refractoriness. The echo zoned ranged between 225 
and 215 ms. Sustained supraventricular tachycardia was not in- 
duced. 
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FIGURE 2. Patient 19. A-V conduction curves (A4A2 and H4Ho; A4Ao 
and A2H2) during atrial extrastimulation coupled to a high right atrial 
pacing cycle length of 500 ms. Note discontinuity due to a sudden in- 
crease in A-V nodal conduction time (A5H5) at a coupling interval (A41A5) 
of 310 ms. The effective and functional refractory periods of the fast 
pathway were 310 and 370 ms, respectively. The effective and func- 
tional refractory periods of the slow pathway were limited by atrial re- 
fractoriness. The echo zone ranged between 250 and 210 ms. Sustained 
supraventricular tachycardia was not induced. 


427 + 83 ms, respectively. Slow A-V nodal pathway re- 
fractory periods were limited by atrial refractoriness in 
the majority of patients. 

Representative cases: Figure 1 demonstrates the induc- 
tion of discontinuous A-V nodal conduction curves (A,-A5 and 
H;-Hs;; A;-A» and A;-H;) in Patient 19 (Table I) during atrial 
extrastimulation coupled to sinus rhythm. The average sinus 
cycle length was 530 ms. At a coupling interval (A1-A9) of 295 
ms there was a sudden prolongation in the A»-H» interval of 
55 ms resulting in discontinuous A-V nodal conduction curves. 
The echo zone could be defined between coupling intervals 
(A1-A35) of 225 and 215 ms. Sustained A-V nodal reentry was 
not induced. The effective and functional refractory periods 
of the fast A-V nodal pathway were 295 and 350 ms, respec- 
tively. The measurement of the refractory periods of the slow 
A-V nodal pathway was limited by atrial refractoriness. The 
echo zone was narrower during atrial extrastimulation coupled 
to sinus rhythm than during that coupled to paced rhythm 
(Fig. 2). 

Figure 2 demonstrates the induction of discontinuous A-V 
nodal conduction curves (A;-A» and H,-H»; A1-A9 and A»-H») 
in this patient during atrial pacing. The paced atrial cycle 
length (S;-S5) is 500 ms. At a coupling interval (A1-A9) of 310 
ms there was sudden prolongation in the A;-H» interval of 50 
ms resulting in discontinuous A-V nodal conduction curves. 
The echo zone could be defined between coupling intervals 
(A1-A3) of 250 and 210 ms. The effective and functional re- 
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fractory periods of the fast A-V nodal pathway were 310 and 
370 ms, respectively. The measurement of the refractory pe- 
riods of the slow A-V nodal pathway was also limited by atrial 
refractoriness. 'T'his was the only patient in whom atrial echoes 
were elicited. Sustained A-V nodal reentrant tachycardia 
could not be elicited in any patient. 

Figure 3 demonstrates the electrophysiologic tracings from 
Patient 3 (Table I) during atrial extrastimulus coupled to a 
paced cycle length of 490 ms. Electrocardiographic leads I, II, - 
III and His bundle electrograms are shown. In panel A, an 
atrial premature beat at a coupling interval (A;-A3) of 250 ms 
results in an Ao-H; of 160 ms. In panel B, an atrial premature 
beat at a coupling interval (A;-A5) of 240 ms prolongs the A-H 
interval to 230 ms, resulting in discontinuous A-V nodal 
conduction curves. 

The sudden increase or jump in A-V conduction time 
(A»-H3) resulting when conduction failed in the fast A-V 
nodal pathway and shifted to the slow A-V nodal 
pathway ranged between 40 and 185 ms in the entire 
group. 


Discussion 


Mechanism of supraventricular tachycardia: 
Atrioventricular nodal reentry is a common cause of 
supraventricular tachycardia in adults$:19.20 and chil- 
dren?5? and electrophysiologic studies have confirmed 
that dual atrioventricular (A-V) nodal pathways are a 
frequent underlying mechanism for supraventricular 
tachycardia.?2:8-19 The slow-fast form of A-V nodal 
reentrant tachycardia involves a slow A-V nodal path- 
way for anterograde conduction and a fast A-V nodal 
pathway for retrograde conduction.!92° However, the 
fast-slow form utilizes a fast A-V nodal pathway for 
anterograde conduction whereas retrograde conduction 
occurs through a slow A-V nodal pathway.^19.29 Both 
forms of A-V nodal reentry have been demonstrated in 
children.?:?? Studies in adults have primarily involved 
patients with conduction disease. Denes et al.? found 
a 10 percent incidence rate (41 of 397 patients) of dual 
A-V nodal pathways in a group of such patients, but 16 
(39 percent) of the 41 patients had no history of palpi- 
tations or supraventricular tachycardia. This benignity 
appears to apply to pediatric patients as well. Therefore, 
dual A-V nodal pathways are common in both adults 
and children. 

Incidence of dual A-V nodal pathways: Both 
DuBrow et al.!? and Thapar and Gillette? have reported 
the presence of dual A-V nodal pathways in arrhyth- 
mia-free children. Of 61 children studied by Thapar and 
Gillette? the majority had some rhythm disorder, but 
17 children with a cardiac defect without arrhythmia 
demonstrated a 29 percent incidence of dual A-V nodal 
pathway conduction before surgery. 'This is in agree- 
ment with our findings of a 35 percent incidence rate in 
an unselected group of preoperative and postoperative 
patients (35 percent in the former group alone and 33 
percent in the latter group alone). This high incidence 
rate of dual A-V nodal pathways may be related to the 
significantly shorter atrial and A-V nodal refractory 
periods in  children.?^?? It has been sug- 
gested???:^ that these electrophysiologic changes cor- 
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FIGURE 3. Patient 3. His bundle electrogram during atrial extrastimulation coupled to a paced cycle length (CL) of 490 ms. Electrocardiographic 
leads |, Il and Ill and His bundle electrogram (HBE) are shown. S, and S» represent atrial pacing and premature stimuli, respectively. A4, H4 and 
V, represent the low right atrium, His bundle and ventricular electrogram during pacing. A>, H and V; represent the responses to a premature atrial 
extrastimulus (S2). A, at a coupling interval (A;Az) of 250 ms the AH» interval is 160 ms. B, ata coupling interval (A4A2) of 240 ms the A2H» interval 
prolongs to 230 ms resulting in discontinuous A-V nodal conduction curves. 


relate with maturational histologic changes. In addition, 
Sapire et al? have demonstrated that meperidine 
(Demerol), promethazine (Phenergan) and chlorpro- 
mazine (‘Thorazine) shorten A-V nodal refractory pe- 
riods. These medications, by their shortening effect on 
refractory periods, may unmask the presence of dual 
A-V nodal pathways by allowing conduction at shorter 
coupling intervals when the slow A-V nodal pathway is 
utilized for conduction after the fast A-V nodal pathway 
refractory period has been reached. 

In general, atrial paced rhythm decreases atrial re- 
fractoriness and prolongs the refractory periods of the 
fast A-V pathway by shortening the atrial cycle length.!? 
Therefore, dual A-V nodal pathway conduction is ex- 
pected to be observed more frequently during atrial 
paced rhythm than during sinus rhythm. The finding 
that such conduction occurred during sinus rhythm but 
not during atrial paced rhythm in seven of our patients 
was unusual. In four patients (Cases 2, 4, 15 and 23) we 
could attribute this finding to paradoxical shortening 
of the effective refractory period of the fast A-V nodal 
pathway induced by atrial pacing. This would prevent 
exposure of dual A-V nodal pathways because the fast 
A-V nodal pathway is used at both long and short cou- 
pling intervals. This shortening of the refractory period 
of the fast A-V nodal pathway with atrial pacing is the 
expected response of atrial and His-Purkinje tissue and 
is unusual in A-V nodal tissue.!? 

Incidence of supraventricular tachycardia: None 
of our patients had sustained A-V nodal reentrant 
tachycardia during electrophysiologic studies and only 
one patient (Case 19) had atrial echoes. 'T'his small in- 


cidence of echoes is probably a reliable finding because 
more than half of our patients had high right atrial re- 
cordings, and the atrial electrograms were clearly dis- 
cernible. The failure to induce sustained supraven- 
tricular tachycardia may be explained by this absence 
of atrial echoes.? 

Supraventricular tachycardia has not been observed 
clinically in any of our patients during a follow-up pe- 
riod of 1 month to 15 years. Whether dual A-V nodal 
pathways will persist with maturation in an individual 
patient cannot be predicted from our data because only 
two children have had sequential electrophysiologic 
studies; both children demonstrated dual pathways 
before and 2 years after surgery. Although the substrate 
exists for A-V nodal reentry, the initiation of sustained 
supraventricular tachycardia depends on an interplay 
of many factors. These include the presence or absence 
of atrial or ventricular extrasystoles and alterations in 
the functional properties of each A-V nodal pathway in 
relation to age, cycle length, autonomic tone and med- 
ications. In our patients the interplay of these factors 
was not synchronized for reentrant tachycardia. 
Therefore, dual A-V nodal pathways are a common and 
frequently a benign electrophysiologic phenomenon in 
children and may represent normal functional charac- 
teristics of the human A-V node. 
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BURDICK ECG TRANSMISSION AND ANALYSIS SYSTEM 
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COMPUTERIZED ECG SYSI EM. 


Computerized ECG technol- 
gy has just made a remarkable 
idvance. Burdick has taken its 
eadership experience in the field 
Xf electrocardiography and com- 
ined it with some of the most 
ophisticated medical computer 
echnology available today. 

The result is the Burdick 
JETA,;'a computerized ECG 
system that combines today's 
nost comprehensive ECG 
inalysis with a complete backup 
or acquisition, storage and 
'etrieval that is both efficient 
ind cost-effective. In fact, 

BETA is ahead of any other 
:omputerized ECG system in 
ive important ways. 


1. THE ONLY SYSTEM 
WITH SCALAR/VECTOR 
ANALYSIS 

The combination of 12-lead 
scalar (ECG) data and 
}-dimensional Vector (VCG) data 
n a single, complete analysis is 
he Burdick breakthrough that 
issures a more complete, 
accurate diagnosis. BETA is the 





only computerized ECG system 
that combines simultaneous 
Scalar/Vector data with the 
technology of automated 
computer analysis, providing 
patient diagnosis of enhanced 
sensitivity and specificity. 


2. THE ONLY SYSTEM 
THAT STORES AND 
RETRIEVES OPTICALLY 
AND NUMERICALLY 
CORRECT ECGS 
Until now, computerized 
ECG systems have sacrificed the 
quality of their retrieved ECGs 
to achieve greater data storage. 


BETA is the first system to 
offer cost-effective, unlimited, 
on-line mass storage of 
ECG/VCGs, with fast retrieval 
by means of a unique master 
indexing system using patient 
or hospital coding. 

While some systems in- 
discriminately compress at 
ratios of as much as 15 to 1, 
BETA virtually eliminates data 
compression. The result is that 
users are able to retrieve cardio- 
grams that are optically and 
numerically correct, with no 
degradation of original data. 
That, of course, makes possible 
accurate re-analysis. 


See! 
i i 





BETA'S 
non-compressed data 


Original 

ongin 

3. THE ONLY SYSTEM 

IN WHICH ALL SATELLITES 
HAVE TOTAL ACCESS 
TO HOST HOSPITAL 
CAPABILITIES 

In a BETA installation, satel- 
lite hospitals are more than just 
appendages. They share fully in 
all the capabilities enjoyed by 
the host hospital, such as 
security, mass storage, Scalar/ 
Vector analysis, free-form edit- 
ing, and other options, including 
direct communication with each 
satellite hospital medical infor- 
mation system. 

That way the satellites have 
all the advantages of their own 
BETA system without the capital 
expense. Conversely, host 
hospitals can offer comprehen- 
sive, yet cost-effective service to 
prospective satellite hospitals. 


4. THE ONLY STORAGE 
SYSTEM DESIGNED FOR 

FREE-FORM EDITING 

All editing of computer- 
generated analysis on the BETA 
video display terminal is done in 
plain language. The physician 
and staff can enter their changes 
or additions in the words they 





choose, any place in the text. 1 
It is not necessary to memo- | 
rize codes, reducing possibility of 





error. In addition, insertion or 
deletion of words or sentences 
can be made anywhere in the 
text. This eliminates footnote 
form editing. 


5. THE ONLY FULL-RANGE 
SYSTEM WITH COMPLETE 
MODULARITY FOR 
FUTURE NEEDS 
You can start with an 
economical base system. And as 
your needs develop, you can add 
Vector analysis, additional 
storage capacity and other 
functions. There is no need to 
replace original equipment to get 
increased system capability. 
And since BETA stores 
completely re-analyzable 
cardiograms, your on-line data 
base always remains intact as 
you build the system. 


PLUS...MULTI-LEVEL 
PATIENT DATA SECURITY 
With the Burdick BETA 
System you have available 
several levels of patient data 
security that virtually eliminate 
the possibility of unauthorized 
access and/or alterations to 
stored data. The system assures 
the hospital of complete integrity 
and privacy of patient information. 
For the complete 
story on Burdick's 
remarkable BETA 
System, call toll- 
free 800-356-0701. 
In Wisconsin call 
608-868-7631. 


The Burdick Corporation, 
Milton, Wisconsin 53563. 
A concern for cardiac care. 
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therapeutic gap exists when 
pNventional oral procainamide therapy is administered 
t greater than 5 hour intervals 


Adequate blood levels maintained only 2/3 of the 
me during a Ô hour dosing interval 


Patient control may be threatened 


Standard procainamide plasma levels (at steady 
state) following oral administration of a single 750mg dose* 
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Mean procainamide plasma levels in 12 normal volunteers 
administered Procan SR and conventional procainamide cap- 
sules in a multiple-dose regimen at equal total doses. 
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rocan 
(PROCAINAMIDE HYDROCHLORIDE TABLETS) 
SUSTAINED RELEASE 


The prolonged administration of procainamide 
often leads to the development of a positive 
antinuclear antibody (ANA) test with or without 
symptoms of lupus erythematosus-like 


syndrome. If a positive ANA titer develops, the 
benefit/risk ratio related to continued 
procainamide therapy should be assessed. This 
may necessitate consideration of alternative 
antiarrhythmic therapy. 


DESCRIPTION 

Procainamide hydrochloride is the amide analogue 
of procaine hydrochloride. €ach tablet of Procan SR 
contains procainamide hydrochloride in a tablet 
matrix specially designed for the prolonged release 
of the drug in the gastrointestinal tract. Procan SR is 
available for oral administration as green, film- 
coated tablets containing 250 mg procainamide 
hydrochloride and as yellow, film-coated tablets 
containing 500 mg procainamide hydrochloride. 


ACTION 

Procainamide depresses the excitability of 

cardiac muscle to electrical stimulation, and slows 
conduction in the atrium, the bundle of His, and the 
ventricle. The refractory period of the atrium is 
considerably more prolonged than that of the 
ventricle. Contractility of the heart is usually not 
affected nor is cardiac output decreased to any 
extent unless myocardial damage exists. In the 

` absence of any arrhythmia, the heart rate may 
occasionally be accelerated by conventional doses, 
suggesting that the drug possesses anticholinergic 
properties. Larger doses can induce atrioventricular 
block and ventricular extrasystoles which may 
proceed to ventricular fibrillation. These effects on 
the myocardium are reflected in the electro- 
cardiogram; a widening of the ORS complex occurs 
most consistently; less regularly, the P-R and Q-T 
intervals are prolonged, and the QRS and T waves 
show some decrease in voltage. 


The sustained-release characteristic of Procan SR 
tablets has been demonstrated in studies in 
human subjects. A multiple-dose study has shown 
equivalent steady-state plasma levels of Procan SR 
tablets given every six hours when compared 

with an equal total daily dose of Pronestyl® 
(procainamide hydrochloride capsules, €.R. Squibb 
and Sons) given every three hours. 


Procainamide is less readily hydrolyzed than 
procaine, and plasma levels decline slowly — about 
10 to 20% per hour for standard dosage forms of 
procainamide. The drug is excreted primarily in 

the urine, about 10% as free and conjugated 
p-aminobenzoic acid, and about 60% in the 
unchanged form. The fate of the remainder is 
unknown. 


INDICATIONS 


Oral procainamide is indicated in the treatment of 
premature ventricular contractions and ventricular 
tachycardia, atrial fibrillation, and paroxysmal atrial 
tachycardia. 


CONTRAINDICATIONS 

It has been suggested that procainamide be 
contraindicated in patients with myasthenia 
gravis. Hypersensitivity to the drug is an absolute 
contraindication; in this connection, cross-sensitivity 
to procaine and related drugs must be borne in 
mind. Procainamide should not be administered to 
patients with complete atrioventricular heart block. 
Procainamide is also contraindicated in cases of 
second-degree and third-degree A-V block unless 
an electrical pacemaker is operative. 


PRECAUTIONS 

During administration of the drug, evidence of 
untoward myocardial responses should be carefully 
watched for in all patients. In the presence of an 
abnormal myocardium, procainamide may at times 
produce untoward responses. In atrial fibrillation or 
flutter, the ventricular rate may increase suddenly 
as the atrial rate is slowed. Adequate digitalization 
reduces, but does not abolish, this danger. If 
myocardial damage exists, ventricular tachysystole 
is particularly hazardous. Correction of atrial 
fibrillation, with resultant forceful contractions of 
the atrium, may cause a dislodgement of mural 
thrombi and produce an embolic episode. However, 
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t hos hat, in a patient who is 


likely to stop than to aggravate the process. 


Attempts to adjust the heart rate in a patient who 
has developed ventricular tachycardia during an 
occlusive coronary episode should be carried out 
with extreme caution. Caution is also required in 
marked disturbances of atrioventricular conduction 
such as A-V block, bundle branch block, or severe 
digitalis intoxication, where the use of procaina- 
mide may result in additional depression of 
conduction and ventricular asystole or fibrillation. 


Because patients with severe organic heart disease 
and ventricular tachycardia may also have complete 
heart block, which is difficult to diagnose under 
these circumstances, this complication should 
always be kept in mind when treating ventricular 
arrhythmias with procainamide. If the ventricular 
rate is significantly slowed by procainamide without 
attainment of regular atrioventricular conduction, 
the drug should be stopped and the patient 
re-evaluated because asystole may result under 
these circumstances. 


In patients receiving normal dosage, but who have 
both liver and kidney diseases, symptoms of 
overdosage (principally ventricular tachycardia and 
severe hypotension) may occur due to drug 
accumulation. 


Instances of a syndrome resembling lupus 
erythematosus have been reported in connection 
with maintenance procainamide therapy. The 
mechanism of this syndrome is uncertain. 
Polyarthralgia, arthritis, and pleuritic pain are 
common symptoms; to a lesser extent, fever, 
myalgia, skin lesions, pleural effusion, and 
pericarditis may occur. Rare cases of thrombo- 
cytopenia or Coombs'-positive hemolytic anemia 
have been reported which may be related to this 
syndrome. Patients receiving procainamide for 
extended periods of time, or in whom symptoms 
suggestive of a lupus-like reaction appear, should 
have antinuclear antibody titers measured at 
regular intervals. The drug should be discontinued if 
there is a rising titer (antinuclear antibody) or 
clinical symptoms of LE appear. The LE syndrome 
may be reversible upon discontinuation of the drug. 
If discontinuation of the drug does not cause 
remission of the symptoms, steroid theropy may 
be effective. If the syndrome develops in a patient 
with recurrent life-threatening arrhythmias not 
controllable by other antiarrhythmic agents, steroid 
suppressive therapy may be used concomitantly 
with procainamide. It is recommended that tests for 
lupus erythematosus be carried out at regular 
intervals in patients receiving maintenance 
procainamide therapy. 


ADVERSE REACTIONS 
Hypotension following oral administration is rare. 


Large oral doses of procainamide may sometimes 
produce anorexia, nausea, urticaria, and/or pruritus. 


A syndrome resembling lupus erythematosus has 
been reported (see PRECAUTIONS). Reactions 
consisting of fever and chills have also been 
reported, including a case with fever and chills 
plus nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic 
oxaloacetic transaminase following single doses of 
the drug. Bitter taste, diarrhea, weakness, mental 
depression, giddiness, and psychosis with 
hallucinations have been reported. The possibility 
of such untoward effects should be borne in mind. 


Hypersensitivity reactions, such as angioneurotic 
edema and maculopapular rash have also occurred. 


Agranulocytosis has occasionally followed the 
repeated use of the drug, and deaths have 
occurred. Therefore, routine blood counts are 
advisable during maintenance procainamide 
therapy. The patient should be instructed to 
report any soreness of the mouth, throat, or gums, . 
unexplained fever, or any symptoms of upper 
respiratory tract infection. If any of these should 
occur, and leukocyte counts indicate cellular 
depression, procainamide therapy should be 
discontinued and appropriate treatment should 
be instituted immediately. 


DOSAGE AND ADMINISTRATION 

Procan SR tablets are a sustained-release product 
form. The duration of action of procainamide 
hydrochloride supplied in this sustained-release 
product form allows dosing at intervals of every six 
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hours instead of the more frequent every three hour ! 


dosing interval required for standard preparations 
of oral procainamide hydrochloride. The convenient 
six-hour dosing schedule may encourage patient 
compliance. 


Ventricular tachycardia — Treatment with standard 
procainamide hydrochloride is recommended until 
the tachycardia is interrupted or the limit of 
tolerance is reached. Maintenance may then be 
continued with Procan SA. 


The suggested dosage is as follows. An initial dose 
of 1 g of standard procainamide hydrochloride 
followed thereafter by a total daily dosage of 50 
mg/kg of body weight given at three hour intervals. 
The suggested oral dosage for premature 
ventricular contractions is 50 mg/kg of body weight 
daily given in divided doses at three hour intervals. 


The suggested maintenance dosage of Procan SR is 
50 mg/kg of body weight daily given in divided 
doses at six hour intervals. 


Although the dosage for each patient must be 
determined on an individual basis, the following 
may be used as a guide for providing the total daily 
dosage: patients weighing less than 55 kg (120 Ib), 
0.5 g every six hours; patients weighing between 
55 and 91 kg (120 and 200 Ib), 0.75 g every six 
hours; and patients weighing over 91 kg (200 Ib), 1 
9 every six hours. 


Atrial fibrillation and paroxysmal atrial tachycardia 
— Treatment with standard procainamide hydro- 
chloride is recommended until the arrhythmia is 
interrupted or the limit of tolerance is reached. 
Maintenance may then be continued with 

Procan SR. 


The suggested dosage is as follows. An initial dose 
of 1.25 g of standard procainamide hydrochloride 
may be followed in one hour by 0.75 g if there have 
been no electrocardiographic changes. Standard 
procainamide hydrochloride may then be given ata 
dosage of 0.5 g to 1 g every tuo hours until 
interruption of the arrhythmia or the tolerance limit 
is reached. 


The suggested maintenance dosage for Procan SR 
is 1 g every six hours. 


If procainamide therapy is continued for appreciable 
periods, electrocardiograms should be made 
occasionally to determine the need for the drug. 


HOW SUPPLIED 


N 0071-0202 Procan SR 250 mg. Each sustained- 
release tablet contains 250 mg procainamide 
hydrochloride. Available in bottles of 100 tablets. 


N 0071-0204 Procan SR 500 mg. Each sustained- 
release, scored tablet contains 500 mg procain- 
amide hydrochloride. Available in bottles of 

100 tablets. 
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To determine the metabolic cost of administering an experimental calcium 
antagonist, verapamil, to patients with coronary artery disease, 12 such 
patients were studied at rest and during stress with atrial pacing before 
and after intravenous treatment with verapamil (bolus dose of 0.1 mg/kg 
body weight, followed by infusion at 0.005 mg/kg per min). The mean 
(«standard deviation) aortic pressure at rest (98 + 22 mg Hg), coronary 
sinus blood flow (88 + 17 ml/min) and myocardial oxygen consumption 
(10.7 + 2.4 ml O2/min) decreased to 88 + 20 mm Hg (p <0.0004), 77 
+ 14 ml/min (p <0.03) and 8.8 + 2.5 ml O2/min (p <0.01), respectively, 
after administration of verapamil. With atrial pacing, these values were 
105 + 25 mm Hg, 151 + 50 ml/min and 18.5 + 6.4 ml Oz/min, respec- 
tively, before infusion of verapamil, and then decreased to 87 + 14 mm 
Hg (p <0.006), 107 + 31ml/min (p <0.0002) and 13.3 + 4.4 ml O;/min 
(p <0.001) during infusion. Angina occurred in all patients with atrial 
pacing before verapamil (threshold to pain: 93 + 67 seconds). After 
verapamil, the threshold to pain in six patients increased to 191 + 183 
seconds; and no pain was experienced by the remaining six (p «0.0005 ). 
Before administration of verapamil lactate extraction decreased from 24 
+ 9 to 10 + 11 percent (p <0.0002) during atrial pacing, and 9 (75 per- 
cent) of the 12 patients exhibited electrocardiographic S-T segment de- 
pressions. After administration of verapamil lactate extraction normalized 
to 22 + 9 percent during atrial pacing, and the electrocardiogram reverted 
to baseline in all but one patient. These findings indicate that verapamil 
decreases left ventricular myocardial metabolic demands, and con- 
comitantly greatly increases the threshold to angina. 


Verapamil, still an experimental drug in the United States, has multiple 
effects on the cardiovascular system. Because it is an organic calcium 
antagonist, '? its actions are due to the selective blockade of the slow 
channel that carries the slow inward ionic current consisting of calcium 
(and probably sodium) ions.?-9 These properties make verapamil an 
effective antiarrhythmic agent?-!! and may eventually be used to reduce 
the size of an acute infarct.!?-16 However, fear persists that verapamil's 
intrinsic negative inotropic effects may preclude its use in patients with 
significant coronary artery disease because both verapamil!?!? and 
ischemia!??? interfere with the movement of calcium ions to the con- 
tractile proteins of myocardial cells and could therefore in theory syn- 
ergistically impede calcium transport, causing a profound depression 
of myocardial contractility. 

Recent studies in our laboratory?! have shown that the administration 
of verapamil to patients with coronary artery disease without congestive 
heart failure does not depress, but actually enhances total left ventricular 
performance. Furthermore, the drug is often capable of reducing the 
regional disorders of left ventricular wall motion.?! However, the met- 
abolic cost to patients of this improved performance— not only at rest 
but also during stress—is not known. This study was therefore under- 
taken to examine the changes in myocardial metabolism that might occur 
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in patients with chronic coronary artery disease without 
heart failure after administration of verapamil, and to 
establish whether these changes differ substantially 
before and after stress induced by rapid atrial pacing. 
Moreover, this study was also designed to answer the 
critical question: Does verapamil protect patients with 
coronary artery disease from angina pectoris? 


Methods 


Study patients: Twelve men with significant coronary ar- 
tery disease were selected for this study. Their clinical profile 
is presented in Table I. All gave informed consent and un- 
derwent routine diagnostic cardiac catheterization, which, in 
our laboratory, includes complete left and right hemodynamic 
evaluation, cardiac output determination with the indocya- 
nine green indicator-dilution technique, selective left ven- 
triculography and coronary arteriography. All patients had 
normal sinus rhythm; none had systemic hypertension, sig- 
nificant valve or congenital lesions or a history of congestive 
heart failure. Patients with clinically significant renal or he- 
patic failure, left bundle branch block, sinus bradycardia, 
systolic blood pressure below 90 mm Hg or recent myocardial 
infarction (within the last 3 months) were excluded from the 
study. No patient had to be excluded from the study because 
of adverse effects caused by verapamil, or because complete 
evaluation could not be performed for technical reasons. 

Some patients had previously received one or more car- 
diovascular medications, but in each the administration of all 
drugs, with the exception of sublingual nitroglycerin, was 
discontinued at least 5 days before the study without any 
clinical evidence of deterioration of cardiac function or in- 
crease in chest pain. No patient had to take nitroglycerin in 
the 12 hours preceding cardiac catheterization although this 
drug was made available to all. 

Study protocol: The study consisted of four phases: resting 
and atrial pacing phase before administration of verapamil, 
followed by another resting and pacing phase after adminis- 
tration of the drug, so that the entire third and fourth phases 
of the study were implemented during the infusion of vera- 
pamil. Measurements of coronary sinus blood flow and col- 
lection of blood samples were performed during each phase. 
For this purpose, a 7F double thermistor Wilton Webster 
coronary sinus thermodilution catheter was inserted into the 
coronary sinus. The design of this catheter allows continuous 
blood sampling from the coronary sinus and simultaneous 
atrial pacing from the same site. When connected to the 
Wilton Webster two channel Wheatstone bridge and a chart 
recorder, it accurately measures the coronary sinus blood flow 
with the thermodilution method;?? values so obtained corre- 


TABLE | 
Clinical Profile of 12 Study Patients 
Patients (n) 12 
Mean age (+1 standard deviation) (yr) 55 +7 
Stable angina All 
Positive treadmill stress test 8 (67%) 
(= 1 mm S-T depression) 
Coronary obstruction (275%) 
1 vessel 0 
2 vessel 2 (1796) 
3 vessel 10 (8396) 
Prior myocardial infarction 5 (4296) 
Left ventricular asynergy 7 (5896) 


History of congestive heart failure None 
SD = standard deviation. 


late well with direct measurements of coronary sinus blood 
flow with the electromagnetic flowmeter.???4 Arterial blood 
samples were collected through an 8F Cordis catheter posi- 
tioned in the descending aorta. A third catheter (7F Cour- 
nand) was placed in the right atrium for constant atrial 
pressure monitoring because it has been shown that changing 
right atrial pressures may invalidate coronary sinus thermo- 
dilution blood flow measurements by causing the reflux of 
blood from the right atrium into the coronary sinus.?? The 
exact location of the thermodilution catheter within the cor- 
onary sinus was established at the beginning of each study by 
cineangiography recorded on the videotape, and the catheter's 
stability was then continuously confirmed during the entire 
experiment by referring to the initial cine frames. 

Arterial and coronary sinus blood determinations: 
Matched samples of the arterial and coronary sinus blood that 
were collected simultaneously and in duplicate during each 
phase were analyzed for the content of the following items: 
lactate, potassium, sodium, chloride, calcium, phosphate and 
blood gases. Lactate levels were determined with the Gilford 
computer-directed analyzer, and potassium, sodium, chloride, 
calcium and phosphate content with the Technicon Autoan- 
alyzer. Blood gases were analyzed with the Corning automated 
blood gas system. Aortic (Ao) to coronary sinus (CS) ratios of 
potassium, sodium, calcium and phosphate were calculated 
for each matched pair of blood samples. The percent of lactate 
extraction was defined as 


Lactate Ao — Lactate CS 
Lactate Ao 


A negative number indicates lactate production and therefore 
represents a shift from aerobic to anaerobic metabolism.?9 

Blood flow and myocardial oxygen determinations: 
Coronary sinus blood flow measurements were performed 
during continuous infusion of the indicator (5 percent dextrose 
in water at room temperature) with a Harvard infusion pump 
at 55 ml/min. Even though stable and reproducible values 
were normally obtained within 15 seconds after the infusion 
had been started, the infusion was continued for at least 1 min 
before coronary sinus blood flow determinations were made 
(to achieve optimal mixing and equilibration of blood and the 
indicator). Myocardial oxygen consumption (MVO;) was 
calculated as the product of coronary sinus blood flow (CSBF) 
and arterial-coronary venous oxygen difference [MVO; = 
CSBF X (Ao — CS)OsA]. 

Atrial pacing protocol: An atrial pacing rate of 150 
beats/min was achieved in almost all patients. In a few pa- 


7o extraction — x 100. 


TABLE Il 


Baseline Hemodynamic Values in 12 Study Patients (mean 
+ standard deviation) 





LVEDP (mm Hg) 1244 
Mean AP (mm Hg) 97 £ 17 
Mean PAP (mm Hg) 17+5 
Mean PCWP (mm Hg) 8+2 

Cl (liters/min per m*) 2.8+0.5 
EDVI (ml/m?) 117 + 45 
ESVI (mi/m?) 53 + 55 
EF (96) 62 + 24 
VCF (circ/s) 0.94 + 0.42 


AP = arterial pressure; Cl = cardiac index; circ = circumference; 
EDVI = end-diastolic volume index; EF = ejection fraction; ESV! = 
end-systolic volume index; LVEDP = left ventricular end-diastolic 
pressure; PAP = pulmonary arterial pressure; PCWP = pulmonary 
capillary wedge pressure; VCF = mean velocity of circumferential fiber 
shortening. 
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tients a slightly slower pacing rate had to be used before and 
after administration of verapamil because of the occurrence 
of second degree atrioventricular (A-V) block (Mobitz type 
I). All patients were carefully instructed not to interpret the 
palpitations that are sometimes associated with atrial pacing 
as chest pain and were given a trial pacing run at maximal 
rates to familiarize them with the procedure. Atrial pacing 
during the actual test was continued for 5 minutes or until the 
onset of the patient’s typical chest pain. As soon as either end 
point was reached, coronary sinus blood flow measurements 
and blood sample collections were performed, and atrial 
pacing was terminated immediately thereafter. The electro- 
cardiogram (leads II and V;) was carefully monitored 
throughout the study, and the extent of S-T segment de- 
pression was recorded on the chart recorder immediately 
before and after the termination of pacing. 

Factors that influence coronary hemodynamics were 
monitored during each phase of the study. Specifically, aortic 
pressures and heart rate were recorded continuously. Coro- 
nary vascular resistance (CVR) was calculated as the ratio of 
mean aortic pressure to coronary sinus blood flow (CVR = 
mean Ao pressure/CSBF).?? 

Verapamil dosage: Verapamil (0.1 mg/kg) was given as a 
bolus dose intravenously over a 2 minute period; the intra- 
venous verapamil infusion of 0.005 mg/kg per min was started 
with an Auto Syringe infusion pump immediately after the 
bolus injection and continued until all data were collected. T'he 
mean total dose of verapamil was 18.8 + 3.6 mg, and the length 
of the infusion averaged 24 + 5 minutes. 

Ventriculography and coronary angiography: When 
left ventriculography and coronary cineangiography were 
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FIGURE 1. Myocardial (coronary sinus) blood flow (CSBF), oxygen 
uptake (MVo,) and coronary vascular resistance (CVR) before and after 
verapamil (V) infusion at rest and during atrial pacing. (Brackets in this 
figure and in Figures 2 to 4 indicate +1 standard deviation of the 
mean.) 


VERAPAMIL IN CORONARY ARTERY DISEASE—FERLINZ AND TURBOW 


performed before verapamil infusion, a predetermined time 
period was allowed to elapse before any given verapamil phase 
of the study was initiated. No tests were carried out during 45 
minutes after ventriculography (to eliminate the pharmaco- 
logic effects of contrast medium on myocardial contractili- 
ty?7?8) and during 15 minutes after coronary cineangiography 
(to avoid the possible effects of transient reactive hyperemia 
on coronary flow or myocardial contractility?®?0), 

All coronary cineangiograms were of diagnostic technical 
quality. Significant coronary artery disease was considered 
present only when there was at least a 75 percent obstruction 
of luminal diameter of at least one of the three coronary ar- 
teries, and when this observation was confirmed by two in- 
dependent observers. Ten (83 percent) of the 12 patients had 
triple vessel disease (Table I); a left anterior descending lesion 
was present in 11 (92 percent) patients. 

Statistical analysis: All data were analyzed with the 
Student's t test for paired variables,?! with the exception of 
pacing time to angina, which did not always have a definite 
end point (half of the patients had no pain after treatment 
with verapamil) and was therefore evaluated with the Wil- 
coxon signed rank test.?? 'The mean values are always pre- 
sented with +1 standard deviation. 


Results 


Hemodynamics: The baseline hemodynamic values 
for all patients are given in Table IT. This hemodynamic 
profile is characterized by normal pressures, normal 
cardiac index, normal left ventricular size in end-systole 
and end-diastole and normal indexes of contractility 
(ejection fraction and velocity of circumferential fiber 
shortening). 

Figures 1 and 2 depict changes in myocardial and 
circulatory dynamics that occurred at rest and during 
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FIGURE 2. Mean aortic (Ao) pressure, right atrial (RA) pressure and 
heart rate (HR) during four phases of the study (see Fig. 1). 
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FIGURE 3. Myocardial balance of lactate (as measured with lactate 
extraction) before and after verapamil (V) infusion at rest and during 
stress with atrial pacing. Only the second (PACE) phase of the study 
produced a significant shift from the control (REST) lactate levels. 


atrial pacing before and after administration of vera- 
pamil. During verapamil infusion, coronary sinus blood 
flow and myocardial oxygen consumption at rest de- 
creased significantly from control levels: coronary flow 
from 88 + 17 to 77 + 14 ml/min (p <0.03) and oxygen 
consumption from 10.7 + 2.4 to 8.8 + 2.5 ml O/min (p 
<0.01). Verapamil greatly reduced mean aortic pressure 
(from 98 + 22 to 88 + 20 mm Hg, p <0.004) but had no 
significant effect on coronary vascular resistance, mean 
right atrial pressure or heart rate. 

The combined effects of atrial pacing plus verapamil 
infusion also differed greatly from those created by 
atrial pacing alone. Administration of verapamil again 
produced a significant reduction in coronary flow (from 
151 + 50 to 107 + 31 ml/min, p <0.0002) and in myo- 


( mm) 
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FIGURE 4. Magnitude of S-T segment depression induced by atrial 
pacing before (PRE) and after (POST) administration of verapamil (V). 
The dashed line represents the mean value for the entire group. 


cardial oxygen consumption (from 18.5 + 6.4 to 13.3 + 
4.4 ml O»/min, p <0.001). The mean aortic pressure 
decreased from 105 + 25 to 87 + 14 mm Hg (p <0.006) 
and coronary vascular resistance increased from 0.75 + 
0.27 to 0.87 + 0.25 mm Hg/ml per min (p <0.02). The 
pacing heart rates were virtually identical (156 + 5 and 
152 + 15 beats/min) before and after verapamil, and the 
mean right atrial pressure again did not change appre- 
ciably. 

Lactate metabolism: Before administration of 
verapamil, atrial pacing markedly decreased the heart's 
ability to extract lactates in all patients, and in three 
patients (25 percent) there was a shift to lactate pro- 
duction. Mean lactate extraction for the entire group 
decreased from 24 + 9 to 10 + 11 percent (p «0.0002, 
Fig. 3). The infusion of verapamil completely abolished 
this metabolic abnormality and returned pacing lactate 
values to control levels. The mean aortic-coronary sinus 
lactate gradient between the resting and pacing values 
before verapamil was 2.76 mg/100 ml; it then decreased 
to 0.58 mg/100 ml during the verapamil infusion. 

S-T segment changes: Nine (75 percent) of the 12 
patients registered electrocardiographic S- T segment 
depression (1 mm or greater) at the end of atrial pacing 
before verapamil infusion (Fig. 4). The mean S-T seg- 
ment depression for the entire group was 1.3 + 1.0 mm. 
Verapamil abolished S-T segment abnormalities (re- 
corded immediately after termination of atrial pacing) 
in all but one patient, and the mean S-T depression 
decreased to 0.1 + 0.3 mm (p «0.0005). 

Threshold to pain: The most dramatic effect of 
verapamil was the protection that it offered to patients 
with coronary artery disease before they experienced 
their typical chest pain. Angina pectoris occurred in all 
patients stressed with atrial pacing before treatment 
with verapamil; the mean threshold to pain was 93 + 67 
seconds (Fig. 5). After infusion of verapamil, the 
threshold to pain increased to 191 + 183 seconds in six 
patients, and the remaining six experienced no pain (p 
<0.0005). The individual responses to atrial pacing 
stress before and after administration of verapamil are 
presented in Figure 6. No patient experienced chest 
pain earlier after treatment with verapamil than before 
treatment, and six patients became totally pain-free. 

Electrolytes and blood gases: Neither atrial pacing 
nor verapamil—alone or in combination—had a sig- 
nificant effect on the arterial-coronary venous gradients 
of any of the measured electrolytes or blood gases. 
Specifically, the aortic to coronary sinus ratio of calcium 
was unaffected by verapamil at rest or during atrial 
pacing conducted simultaneously with verapamil 
infusion. 

Side effects: In all instances, angina could predict- 
ably be terminated within a few normal sinus beats after 
cessation of pacing. No patient required sublingual ni- 
troglycerin and no residual enzyme or electrocardio- 
graphic changes occurred after the study. 


Discussion 


Since its discovery more than a decade ago, verapamil 
has always been considered a powerful negative ino- 
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tropic agent.??-?" However, recent studies in our labo- 
ratory?! have demonstrated that when verapamil is 
given in therapeutic doses, the drug's potent peripheral 
vasodilatory action is sufficiently strong to overcome 
its intrinsic negative inotropic effect, and thus the drug 
increases left ventricular ejection fraction and velocity 
of circumferential fiber shortening when given to pa- 
tients with coronary artery disease. Yet, because most 
agents capable of improving left ventricular perfor- 
mance?? concomitantly increase myocardial oxygen 
consumption and decrease threshold to angina,” it was 
essential to determine the metabolic cost of this im- 
proved performance with verapamil therapy in patients 
with coronary artery disease. 

We administered a fairly large intravenous dose of 
verapamil to all patients (18.8 + 3.6 mg). Because the 
intrinsic myocardial depressant effect of verapamil is 
dose-related,*?4! the drug was given in these relatively 
large quantities to elicit the greatest effect on left ven- 
tricular metabolism and hemodynamic status that could 
be produced with therapeutic doses of verapamil. 
Verapamil was given as an intravenous infusion (after 
the bolus dose was administered) to ensure the even 
action of the drug throughout the experiment: the 
half-life of verapamil given as a bolus dose intravenously 
is very short,^? and its effect is greatly attenuated within 
10 minutes after its administration.^! 

Atrial pacing as a stress: Atrial pacing was selected 
as a stress in these patients because it can reproducibly 
drive a given heart to a critical level of tension-time 
index above which angina occurs repeatedly.*® Fur- 
thermore, it has been shown that increased heart rate 
causes augmentation of left ventricular contractility,^4 
which leads to enhanced myocardial oxygen consump- 
tion,*? despite the propensity of verapamil to depress 
further the force of contraction at higher heart 
rates,10.46-49 Finally, although supine leg exercise rep- 
resents a greater stress than atrial pacing,???! it was not 
considered an appropriate test for our patients because 
it obscures metabolic evidence of ischemia by increasing 
arterial lactate concentrations.?? 

Verapamil and myocardial lactate metabolism: 
Atrial pacing induced substantial abnormalities in 
myocardial lactate metabolism before administration 
of verapamil. Jackson et al.?? showed that when the 
change in coronary arteriovenous lactate difference was 
less than 0.8 mg/100 ml between the control and the 
peak atrial pacing sample, the coronary arteries gener- 
ally were normal. However, when the change was greater 
than 2.0 mg/100 ml coronary artery disease was always 
present. In our study, the mean arteriovenous lactate 
gradient was 2.76 mg/100 ml before infusion of vera- 
pamil, thus confirming the presence of coronary artery 
disease. However, after treatment with verapamil the 
lactate gradient decreased to 0.58 mg/100 ml, thereby 
obliterating the metabolic evidence that coronary artery 
disease was indeed present. A parallel response was also 
seen in the electrocardiographic data: Before verapamil 
S-T segment depression was registered in most patients; 
after verapamil, the electrocardiogram returned to 
baseline in all but one patient. 
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FIGURE 5. Mean threshold to angina (as measured with pacing time) 
before and after verapamil infusion. 


Verapamil and heart rate: Because it has recently 
been reported? that a reflux into the coronary sinus 
during pacing interventions may invalidate coronary 
sinus blood flow measurements by the thermodilution 
method, right atrial pressures were continuously mon- 
itored throughout the experiment. No significant 
change in right atrial pressures was detected during any 
phase of the study. Moreover, the respective resting and 
pacing heart rates were virtually identical before and 
after verapamil infusion, and therefore did not influence 
the observed results. Despite a significant decrease in 
the aortic pressure after administration of verapamil, 
reflex tachycardia was not seen during the resting phase 
of the study. This is probably due to the fact that 
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FIGURE 6. Individual threshold to angina (as measured with pacing time) 
before (PRE) and after (POST) verapamil (V) infusion. 
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verapamil is not just a vasodilator: It also depresses A-V 
conduction?^?? and probably influences sinoatrial 
conduction?9- so that in an isolated heart (where reflex 
tachycardia can not interfere) it produces bradycardia.^?? 
The net effect of verapamil on the heart rate in an intact 
organism is therefore determined by the balance that 
a given dose of this drug exerts on the two mechanisms 
that, respectively, speed or slow the heart rate. 

Coronary effects of verapamil: The antianginal 
properties of verapamil have at times been attributed 
to its coronary vasodilatory action.999! Yet, selective 
coronary vasodilators have been quite ineffective in 
abolishing angina pectoris.®2 Most of the studies 
suggesting that verapamil’s antianginal properties may 
be due to coronary vasodilation have been done in an 
experimental setting with isolated animal hearts9?4 or 
strips from large extramural coronary arteries.9!.6^ 
However, when verapamil was given to human subjects 
with atherosclerotic coronary artery disease, increased 
coronary blood flow or coronary dilatation was not ob- 
served.9957 Indeed, it would be surprising if the rigid 
cholesterol-laden coronary vessels could respond to 
administration of verapamil by substantial vasodila- 
tation. 

In our study, coronary blood flow invariably de- 
creased after administration of verapamil—not only at 
rest but also during the pacing stress that was of suffi- 
cient magnitude to always cause angina pectoris in the 
period before administration of verapamil. Concomi- 
tantly, verapamil infusion produced a decrease in the 
myocardial oxygen consumption that ran parallel to the 
decrease in coronary flow. These findings are not sur- 
prising in view of the marked reduction of mean aortic 
pressure that always followed administration of vera- 
pamil. Because arterial pressure is an important de- 
terminant of coronary blood flow and myocardial oxy- 
gen consumption,*? a decrease in aortic pressure will be 
accompanied by a decrease in coronary flow and myo- 
cardial oxygen consumption. During infusion of vera- 
pamil the mean aortic pressure at rest decreased by 10 
percent, and was accompanied by a 12 percent decrease 
in coronary blood flow and an 18 percent reduction in 
myocardial oxygen consumption. The mean aortic 
pressure during atrial pacing decreased even further 


after verapamil (by 27 percent), with a concurrent 29 
percent reduction in coronary flow and a 28 percent 
decline in myocardial oxygen consumption. However, 
coronary vascular resistance did not change appreciably 
because the decrease in mean aortic pressure was quite 
closely matched by a similar proportional reduction in 
coronary flow. 

Mechanisms of antianginal effects of verapamil: 
It is therefore apparent that verapamil is a very effective 
antianginal agent when given as an intravenous prep- 
aration, but that these antianginal properties are 
probably not primarily due to the drug's coronary 
vasodilatory action. Rather, verapamil increases 
threshold to angina by decreasing myocardial oxygen 
demand, which in turn is decreased by verapamil's po- 
tent vasodilatory effect on the peripheral arterial cir- 
culation. This enhanced myocardial efficiency is ac- 
companied not only by the subjective perception that 
angina is ameliorated or abolished by verapamil but also 
by the objective evidence that myocardial ischemia in- 
deed lessens when verapamil is given (as lactate me- 
tabolism again becomes normal and the S-T segment 
reverts to baseline levels). Whereas decreased oxygen 
consumption alone may account for all of the findings 
in this study, it is possible that in some patients with 
coronary artery disease the antianginal properties of 
verapamil may be augmented by (1) the drug's intrinsic 
negative inotropic effect,??-?7 (2) its propensity to de- 
crease preferentially the force of contraction at higher 
heart rates,10.46-49 (3) its ability to induce the formation 
of new coronary collateral vessels,5? (4) its coronary 
vasodilatory action,9961,63-65 or (5) the production of 
bradycardia in an occasional subject." Whatever the 
relative contributions of these additional mechanisms 
may be, verapamil—at least with the intravenous doses 
used in this study—is a potent antianginal drug that 
should become an important new agent for the treat- 
ment of patients with ischemic heart disease. 


Acknowledgment 


We thank Natalie Pakiz and Wilma Mottin for their sec- 
retarial help, and acknowledge Gaela Palmer's expert tech- 
nical assistance. Verapamil was supplied by the Knoll Phar- 
maceutical Company, Whippany, New Jersey. 


References 


1. Nayler WG, Szeto J. Effect of verapamil on contractility, oxygen 
utilization, and calcium exchangeability in mammalian heart 
muscle. Cardiovasc Res 1972;6:120-8. 

2. Langer GA, Serena SD, Nudd LM. Localization of contractile- 
dependent Ca: comparison of Mn and verapamil in cardiac and 
skeletal muscle. Am J Physiol 1975;229:1003-7. 

3. Cranefield PF, Aronson RS, Wit AL. Effect of verapamil on the 
normal action potential and on a calcium-dependent slow response 
of canine cardiac Purkinje fibers. Circ Res 1974;34:204- 13. 

4. Shigenobu K, Schneider JA, Sperelakis N. Verapamil blockade 
of slow Nat and Ca** responses in myocardial cells. J Pharmacol 
Exp Ther 1974;190:280-8. 

5. Kohlhardt M, Mnich Z. Studies on the inhibitory effect of verapamil 
on the slow inward current in mammalian ventricular myocardium. 
J Mol Cell Cardiol 1978;10:1037-52. 

6. Hariman RJ, Mangiardi LM, McAlister RG Jr, Surawicz B, Sha- 


betai R, Kishida H. Reversal of the cardiovascular effects of 
verapamil by calcium and sodium: differences between electro- 
physiologic and hemodynamic responses. Circulation 1979;59: 
797-804. 

7. Singh BN, Williams EMV. A fourth class of anti-dysrhythmic action? 
Effect of verapamil on ouabain toxicity, on atrial and ventricular 
potentials, and on other features of cardiac function. Cardiovasc 
Res 1972;6:109- 19. 

8. Hagemeijer F. Verapamil in the management of supraventricular 
tachyarrhythmias occurring after a recent myocardial infarction. 
Circulation 1978;57:751-5. 

9. Fondacaro JD, Han J, Yoon MS. Effects of verapamil on ventricular 
rhythm during acute coronary occlusion. Am Heart J 1978;96: 
81-6. 

10. Imanishi S, McAlister RG Jr, Surawicz B. The effects of verapamil 
and lidocaine on the automatic depolarization in guinea-pig ven- 


1024 December 1980 The American Journal of CARDIOLOGY Volume 46 


uf 


12. 


C». 


14. 


15. 


Tř- 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 
33. 


34. 


tricular myocardium. J Pharmacol Exp Ther 1978;207:294-303. 
Fazzini PF, Marchi F, Pucci P. Effects of verapamil in ventricular 
premature beats of acute myocardial infarction. Acta Cardiol (Brux) 
1978;33:25-9. 

Smith HJ, Singh BN, Norris RM, Nisbet HD, John MB, Hurley PJ. 
The effect of verapamil on experimental myocardial ischemia with 
a particular reference to regional myocardial blood flow and me- 
tabolism. Aust NZ J Med 1977;7:114-21. 

Lowe JE, Kleinman LH, Reimer KA, Jennings RB, Wechsler AS. 
Effects of cardioplegia produced by calcium flux inhibition. Surg 
Forum 1977;28:279-80. 

Bernauer W, Wolf K. The effect of verapamil, isoproterenol, and 
dexamethasone on enzyme release and viability of coronary ob- 
structed guinea-pig hearts. Arch Int Pharmacodyn Ther 1978; 
234:257-69. : 

Nayler WG, Fassold E, Yepez C. Pharmacological protection of 
mitochondrial function in hypoxic heart muscle: effect of verapamil, 
propranolol, and methylprednisolone. Cardiovasc Res 1978;12: 
152-61. 


. Nayler WG, Grau A, Yepez C. Pharmacological protection of hy- 


poxic heart. Recent Adv Stud Cardiac Struct Metab 1978;12: 
525-30. 

Fleckenstein A. Specific inhibitors and promoters of calcium action 
in the excitation-contraction coupling of heart muscle and their role 
in the prevention or production of myocardial lesions. In: Harris P, 
Opie LH, eds. Calcium and the Heart. New York: Academic Press, 
197 1:135-88. 

Cranefield PF. The actions of antiarrhythmic drugs. In: The Con- 
duction of the Cardiac Impulse. New York: Futura Publishing, 
1975:315-46. 

Nayler WG, Stone J, Carson V, Chipperfield D. Effect of ischaemia 
on cardiac contractility and calcium exchangeability. J Mol Cell 
Cardiol 197 1;2:125-43. 

Katz AM. Effects of ischemia on the contractile process of heart 
muscle. Am J Cardiol 1973;32:456-60. 

Ferlinz J, Easthope JL, Aronow WS. Effects of verapamil on 
myocardial performance in coronary disease. Circulation 1979; 
59:313-9. 

Ganz W, Tamura K, Marcus HS, Donoso R, Yoshida S, Swan HJC. 
Measurement of coronary sinus blood flow by continuous ther- 
modilution in man. Circulation 197 1;44:181-95. 

Van Devanter SH, Mills RM Jr, Lesch M, Cohn LH. Thermodilution 
measurement of coronary sinus blood flow during cardiopulmonary 
bypass. Surg Forum 1975;26:225-7. 

Pepine CJ, Mehta J, Webster WW Jr, Nichols WW. In vivo vali- 
dation of a thermodilution method to determine regional left ven- 
tricular blood flow in patients with coronary disease. Circulation 
1978;58:795-802. 

Mathey DG, Chatterjee K, Tyberg JV, Lekven J, Brundage B, 
Parmley WW. Coronary sinus reflux. A source of error in the 
measurement of thermodilution coronary sinus flow. Circulation 
1978;57:778-86. 

Forrester JS, Helfant RH, Pasternac A, et al. Atrial pacing in 
coronary heart disease. Effect on hemodynamics, metabolism and 
coronary circulation. Am J Cardiol 197 1;27:237-43. 

Mullins CB, Leshin SJ, Mierzwiak DS, Alsobrook HD, Mitchell JH. 
Changes in left ventricular function produced by the injection of 
contrast media. Am Heart J 1972;83:373-81. 

Hamby RI, Aintablian A, Wisoff BG, Hartstein ML. Effects of 
contrast medium on left ventricular pressure and volume with 
emphasis on coronary artery disease. Am Heart J 1977;93:9- 
18. 

Kloster FE, Friesen WG, Green GS, Judkins MP. Effects of coro- 
nary arteriography on myocardial blood flow. Circulation 1972; 
46:438-44. 

Gould KL, Lipscomb K, Hamilton GW. Physiologic basis for as- 
sessing critical coronary stenosis. Instantaneous flow response 
and regional distribution during coronary hyperemia as measures 
of coronary flow reserve. Am J Cardiol 1974;33:87-94. 

Colton T. Interference on means. In: Statistics in Medicine. Boston: 
Little, Brown, 1974:99-150. 

Colton T. Nonparametric methods. In Ref 31:219-27. 

Lewis BS, Mitha AS, Gotsman MS. Immediate haemodynamic 
effects of verapamil in man. Cardiology 1975;60:366-76. 
Seabra-Gomes R, Rickards A, Sutton R. Hemodynamic effects 


VERAPAMIL IN CORONARY ARTERY DISEASE—FERLINZ AND TURBOW 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


4T. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


December 1980 


of verapamil and practolol in man. Eur J Cardiol 1976;4:79—85. 
Raschack M. Differences in the cardiac actions of the calcium 
antagonists verapamil and nifedipine. Arzneim Forsch 1976;26: 
1330-3. 

Singh BN, Roche AHG. Effects of intravenous verapamil on he- 
modynamics in patients with heart disease. Am Heart J 1977; 
94:593-9. 

Tzivoni D, Merin G, Eimerl D, Raz S, Gotsman MS. The marked 
myocardial depressant effect of verapamil. Isr J Med Sci 1978; 
14:933-40. 

Ferlinz J, Del Vicario M, Aronow WS. Effects of rapid digitalization 
on total and regional myocardial performance in patients with 
coronary artery disease. Am Heart J 1978;96:337-46. 

Ferlinz J, Siegel J, Van Herick R, Aronow WS. Myocardial me- 
tabolism and threshold to angina in coronary artery disease after 
digitalization. Responses at rest and during stress. Am J Med 
1979;66:288-95. 

Ross G, Jorgensen CR. Cardiovascular actions of iproveratril. J 
Pharmacol Exp Ther 1967;158:504-9. 

Newman RK, Bishop VS, Peterson DF, Leroux EJ, Horwitz LD. 
Effect of verapamil on left ventricular performance in conscious 
dogs. J Pharmacol Exp Ther 1977;201:723-30. 

Schomerus M, Spiegelhalder B, Stieren B, Eichelbaum M. 
Physiological disposition of verapamil in man. Cardiovasc Res 
1976;10:605- 12. 

Sowton GE, Balcon R, Cross D, Frick MH. Measurement of the 
anginal threshold using atrial pacing. A new technique for the study 
of angina pectoris. Cardiovasc Res 1967;1:301-7. 

Covell JW, Ross J Jr, Taylor R, Sonnenblick EH, Braunwald E. 
Effects of increasing frequency of contraction on the force velocity 
relation of left ventricle. Cardiovasc Res 1967;1:2-8. 

Boerth RC, Covell JW, Pool PE, Ross J Jr. Increased myocardial 
oxygen consumption and contractile state associated with in- 
creased heart rate in dogs. Circ Res 1969;24:725-34. 

Chiba S. Effect of pentobarbital, verapamil and manganese on the 
frequency-force relationship of the isolated atrium and ventricle 
of the dog heart. Eur J Pharmacol 1976;40:225-32. 

Chiba S. Effect of verapamil on frequency-force relationship in 
isolated dog left ventricular muscle. Jpn J Pharmacol 1977;27: 
175-7. 

Ehara T, Kaufmann R. The voltage- and time-dependent effects 
of (—)-verapamil on the slow inward current in isolated cat ven- 
tricular myocardium. J Pharmacol Exp Ther 1978;207:49-55. 
Chiba S, Kobayashi M, Furukawa Y. Effects of optical isomers 
of verapamil on SA nodal pacemaker activity and contractility of 
the isolated dog heart. Jpn Heart J 1978;19:409- 14. 

Holmberg S, Varnauskas E. Coronary circulation during pacing- 
induced tachycardia. Acta Med Scand 197 1;190:48 1-90. 

Rios JC, Hurwitz LE. Electrocardiographic responses to atrial 
pacing and multistage treadmill exercise testing. Correlation with 
coronary arteriography. Am J Cardiol 1974;34:661-6. 

Parker JO, West RO, Case RB, Chiong MA. Temporal relationships 
of myocardial lactate metabolism, left ventricular function, and S-T 
segment depression during angina precipitated by exercise. Cir- 
culation 1969;40:97- 11 1. 

Jackson G, Atkinson L, Clark M, Crook B, Armstrong P, Oram S. 
Diagnosis of coronary artery disease by estimation of coronary 
sinus lactate. Br Heart J 1978;40:979-83. 

Rizzon P, Di Biase M, Calabrese P, Brindicci G, Chiddo A. Elec- 
trophysiologic evaluation of intravenous verapamil in man. Eur J 
Cardiol 1977;6:179—94. , 
Mangiardi LM, Hariman RJ, McAlister RG Jr, Bhargava V, Su- 
rawicz B, Shabetai R. Electrophysiologic and hemodynamic ef- 
fects of verapamil. Correlation with plasma drug concentrations. 
Circulation 1978;57:366- 72. 

Okada T. Effect of verapamil on electrical activities of SA node, 
ventricular muscle and Purkinje fibers in isolated rabbit hearts. Jpn 
Circ J 1976;40:329-41. 

Breithardt G, Seipel L, Wiebringhaus E, Loogen F. Effects of 
verapamil on sinus node function in man. Eur J Cardiol 1978;8: 
379-94. 

Breithardt G, Seipel L, Wiebringhaus E. Dual effect of verapamil 
on sinus node function in man. In: Bonke FIM, ed. The Sinus Node, 
Structure, Function and Clinical Relevance. Hague: Martinus Nijhoff 
Medical Division, 1978:129-38. 


The American Journal of CARDIOLOGY Volume 46 1025 


“VERAPAMIL IN CORONARY ARTERY DISEASE—FERLINZ AND TURBOW . 


59. 


60. 


61. 


62. 


63. 


64. 


1026 


Nayler WG, McInnes |, Swann JB, et al. Some effects of iprov- 
eratril (Isoptin) on the cardiovascular system. J Pharmacol Exp Ther 
1968;161:247-61. 

Neumann M, Luisada AA. Double blind evaluation of orally ad- 
ministered iproveratril in patients with angina pectoris. Am J Med 
Sci 1966;251:552-6. 

Fleckenstein A, Nakamaya K, Fleckenstein-Grün G, Byon YK. 
Mechanism and sites of action of calcium-antagonistic coronary 
therapeutics. In: Lichtlen PR, ed. Coronary Angiography and Angina 
Pectoris. Stuttgart: Georg Thieme, 1976:297-316. 

Kübler W. Workshop on angina pectoris. Collateral formation and 
new principles of drug treatment. Introduction. In Ref 61:296. 
Melville KI, Shister HE, Huq S. Iproveratril: experimental data on 
coronary dilatation and antiarrhythmic action. Can Med Assoc J 
1964;90:761-70. 

Haeusler G. Differential effect of verapamil on excitation-con- 
traction coupling in smooth muscle and on excitation-secretion 
coupling in adrenergic nerve terminals. J Pharmacol Exp Ther 
1972;180:672-82. 


65. 


66. 


67. 


68. 


69. 


70. 


Peiper U, Schmidt E. Relaxation of coronary arteries by electro- 
mechanical decoupling of adrenergic stimulation. Pfluegers Arch 
1972;337:107- 17. 

Luebs ED, Cohen A, Zaleski EJ, Bing RJ. Effect of nitroglycerin, 
Intensain, Isoptin and papaverine on coronary blood flow in man. 
Measured by the coincidence counting technic and rubidium.9^ Am 
J Cardiol 1966;17:535-41. 

Singh BN, Ellrodt G, Peter CT. Verapamil: a review of its phar- 
macological properties and therapeutic use. Drugs 1978;15: 
169-97. 

Sonnenblick EH, Ross J Jr, Braunwald E. Oxygen consumption 
of the heart. Newer concepts of its multifactorial determination. 
Am J Cardiol 1968;22:328-36. 

Schmier J. Formation of collaterals in association with calcium 
antagonists. In Ref 61:334—42. 

Berdeaux A, Coutte R, Guidicelli JF, Boissier JR. Effects of 
verapamil on regional myocardial blood flow and ST segment. Role 
of the induced bradycardia. Eur J Pharmacol 1976;39:287-94. 


December 1980 The American Journal of CARDIOLOGY Volume 46 


Efficacy of Diltiazem for Control of Symptoms of 


Coronary Arterial Spasm 


STEVEN J. ROSENTHAL, MD 
ROBERT GINSBURG, MD 

IRENE H. LAMB, RN 

DONALD S. BAIM, MD 

JOHN S. SCHROEDER, MD, FACC 


Stanford, California 


From the Cardiology Division, Stanford University 
Medical Center, Stanford, California. This study 
was supported in part by Marion Laboratories, Inc., 
Kansas City, Missouri. Manuscript received May 
19, 1980; revised manuscript received July 7, 
1980, accepted July 11, 1980. 

Address for reprints: John S. Schroeder, MD, 
Cardiology Division, Stanford University Medical 
Center, Stanford, California 94305. 


To evaluate the efficacy of the calcium antagonist diltiazem for therapy 
of active coronary arterial spasm, 13 patients with clinical variant angina 
attributed to documented coronary arterial spasm completed a prospective 
randomized double-blind crossover trial of diltiazem (120 and 240 mg/ 
day) versus placebo. Response was assessed with the diary technique 
measuring frequency of angina, consumption of nitroglycerin and percent 
of pain-free days. 

When 120 mg of diltiazem/day was compared with the paired placebo 
period there was a significant increase in percent of pain-free days (from 
43 to 71 percent [p = 0.03]), but no significant decrease in frequency of 
angina (p — 0.06) or consumption of nitroglycerin (p — 0.32). When 240 
mg of diltiazem/day was compared with the paired placebo period there 
was a significant increase in percent of pain-free days (from 50 to 79 
percent [p = 0.03]) and a significant decrease in both frequency of angina 
(from 1.6 to 0.4 episodes/day [p = 0.03|) and consumption of nitroglycerin 
(from 1.3 to 0.4/day [p = 0.01]). Diltiazem was found to be a highly ef- 
fective drug for control of symptoms of active coronary arterial spasm, 
without side effects and with excellent patient tolerance. 


Variant angina is a manifestation of coronary arterial spasm with or 
without obstructive coronary artery disease.':? Long-acting nitrates have 
been the traditional prophylactic therapy for attacks of variant angina. 
Calcium antagonists are a new class of drugs that interfere with con- 
traction of coronary arterial vascular smooth muscle.? Limited trials with 
four calcium antagonists (diltiazem, nifedipine, perhexilene and vera- 
pamil) in the therapy of variant angina have been very encouraging.*-?? 
However, fluctuations in disease activity demand randomized trials. In 
this report we describe the results of a prospective double-blind outpa- 
tient study, using the new calcium antagonist diltiazem for the control 
of symptoms of coronary arterial spasm. 


Methods 


Study patients: Sixteen patients of either sex participated in the study be- 
tween February and December 1979. All patients had symptoms of nonexertional 
angina responsive to sublingual nitroglycerin. Patients were referred to this 
institution for evaluation and therapy of either suspected or confirmed coronary 
arterial spasm. Coronary arterial spasm was considered to be documented either 
electrocardiographically or angiographically. Electrocardiographic confirmation 
required spontaneous or ergonovine maleate-induced S-T segment elevation 
of 0.1 mV or more above baseline in association with typical angina. Angiographic 
confirmation required spontaneous or ergonovine maleate-induced focal coro- 
nary arterial spasm reducing the vessel diameter by 50 percent or more compared 
with that in its resting state.?5 All patients had coronary arteriography performed 
a mean of 9.6 + 11.2 months (+ standard deviation) before entry into the study. 
Informed consent was obtained from all participants in the study. 

Experimental design: Before entry into the study, administration of car- 
diac-related medications including long-acting nitrates, alpha and beta adren- 
ergic blocking agents and other calcium antagonists was tapered and discon- 
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tinued. Sublingual nitroglycerin for relief of acute angina was 
the only cardiac medication allowed during the study. Patients 
entered an initial 14 day single-blind placebo period. Only 
those patients having five or more episodes of typical angina 
during this 14 day period entered the subsequent double-blind 
protocol consisting of four 14 day periods. During the first of 
these periods, therapy consisted of either 1 placebo or one 30 
mg diltiazem tablet every 6 hours with crossover to other 
therapy for the second period. Therapy during the third pe- 
riod consisted of either two placebo or two 30 mg dilitiazem 
tablets every 6 hours with crossover to the other therapy for 
the fourth period. Tablets of dilitiazem or identical placebo 
were provided in bottles containing 150 tablets. The sequence 
of assigned bottles was random and unknown. 

Patients were evaluated in an outpatient clinic on entry into 
the study, at each time a bottle was changed and on comple- 
tion of the study. At every clinical evaluation the following 
were completed: measurement of weight, assessment of vital 
signs, physical examination, review of patient diary and pill 
bottle, interview to assess any adverse reactions, electrocar- 
diogram and determination of plasma level of diltiazem ob- 
tained approximately 1 hour subsequent to the last dose of the 
completed 14 day period. On entry into the study and on 
completion of the routine serum chemistry determinations, 
blood and platelet counts and urinalysis were obtained. Pa- 
tient compliance was assessed from pill counts and plasma 
levels of diltiazem. 

Grouped patient response was assessed from the diary of 
anginal events and consumption of nitroglycerin and calcu- 
lated percent of pain-free days. Response for individual pa- 
tients was assessed by analysis of reduction of pain frequency 
during active drug periods in comparison with the paired 
placebo periods. Complete response was arbitrarily defined 
as a reduction of 90 percent or greater, partial response as 50 
to 89 percent reduction and no response as less than 50 percent 
reduction. Disease attenuation was determined with analysis 
of reduction of frequency of pain during double-blind placebo 
periods in comparison with the single-blind placebo period 
on entry into the study. Disease attenuation was defined as 
a reduction in average pain frequency to fewer than 0.25 epi- 
sodes/day and to less than 50 percent of the frequency of pain 
recorded on entry into the study. 

The study was designed to prevent any possible risks of 
prolonged periods of severe symptoms while on placebo 
medication. Early blinded crossover to the subsequent dou- 
ble-blind period was allowed if pain was of such frequency and 
severity as to be unacceptable to both the investigators and 
the patient. 

Blood samples of plasma levels of diltiazem were obtained 
with standard venipuncture technique with use of a hepari- 
nized glass tube that was immediately centrifuged. The su- 
pernatant plasma was then immediately frozen and stored. 
All samples were subsequently analyzed by gas chromatog- 
raphy”? at Bio-Research Laboratory, Senneville, Quebec, 
Canada or Marion Laboratories, Kansas City, Missouri. 

Statistics: When paired data for assessing drug effects were 
compared, the two-tailed Fisher’s paired randomization test 
was applied. When paired data of laboratory values were 
compared, the two-tailed Student’s t test for paired data was 
applied. 

Results 


Clinical Features 


Sixteen patients entered the initial 14 day single- 
blind placebo period. Two patients did not qualify for 
the double-blind period; one had fewer than five epi- 


sodes of pain and one refused to cooperate with the 
study design. One patient who completed the double- 
blind protocol was withdrawn from study analysis be- 
cause of the patient’s irregularities in handling study 
medication.* A profile of the 13 remaining patients is 
presented in Table I. Eight patients were women and 
five were men. Their ages ranged from 46 to 71 years 
(average 54 + 7 [+ standard deviation]). Historical 
duration of symptoms before entry into the study 
ranged from 0.5 to 107 months (average 79 + 32). 
Twelve patients described angina at rest, 11 described 
nocturnal angina and 8 described exertional angina. All 
patients smoked cigarettes, five had systemic hyper- 
tension requiring pharmacologic therapy and 11 con- 
sumed more than 4 ounces of alcohol/week. Prior 
therapy for variant angina was long-acting nitrates in 
all patients, alpha adrenergic blocking agents in four, 
beta adrenergic blocking agents in six and calcium an- 
tagonists in two. All patients but one (Case 5) were 
deemed refractory to prior medical therapy. 

Documentation of coronary arterial spasm: Two 
patients (Cases 5 and 13) had obstructive coronary ar- 
tery disease with 50 percent or greater reduction of a 
major vessel diameter. Two patients (one with ob- 
structive coronary artery disease [Case 13] and one with 
normal coronary arteries [Case 12]) had prior myocar- 
dial infarction. Of nine patients having coronary arterial 
spasm at the time of arteriography, one (Case 11) had 
spontaneous spasm and eight had spasm provoked by 
intravenous administration of ergonovine maleate. Of 
eight patients having S- T segment elevation of 0.1 mV 
or more above baseline in association with typical an- 
gina, five had spontaneous electrocardiographic change 
and three had electrocardiographic change provoked 
by intravenous administration of ergonovine maleate. 
Evidence of ventricular arrhythmia or atrioventricular 
conduction disturbance was not systematically sought. 
Three patients demonstrated ventricular tachycardia 
with angina and one of these three patients additionally 
demonstrated complete heart block with angina. 

To prevent any possible risks of prolonged periods of 
severe symptoms while on possible placebo medication 
14 single- or double-blind periods were shortened in five 
patients for early crossover (Table II). 


Findings 


Details of each patient's single-blind placebo period 
and double-blind crossover periods are reported in 
Table II. 

Group responses: When the single-blind placebo 
period was compared with each of the double-blind 
placebo periods, or when the double-blind placebo pe- 
riods were compared with each other, the percent of 
pain-free days, frequency of pain and consumption of 
nitroglycerin were statistically equal. When 120 mg of 


* A major airline strike prohibited this patient from attending the clinic 
and necessitated mail transfer of pill bottles. The patient switched pill 
bottles as instructed but without permission switched back to the earlier 
bottle after several days to alleviate angina. If these two uninterpretable 
bottles are excluded from analysis (first crossover pair), the patient was 
a complete responder at the higher dosage (240 mg/day). 
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Characteristics of Angina 


Dura- 
Age (yr) tion Exer- Nonnitrate Before 
Case & Sex (mo) Sleep tion Anginal Treatment 
1 50F 45 Yes Yes D blocking agent 
2 46F 57 Yes No a blocking agent 
3 57M 107 Yes Yes ĝ blocking agent 
4 60M 12 No Yes None 
5 53F 22 Yes No  aandQ@ blocking agents, 
verapamil 
6 48F 64 Yes Yes blocking agent 
7 54F 11 Yes Yes a blocking agent 
8 71M 39 No No None 
9 54F 1 Yes No None 
10 55F 11 Yes No None 
11 51M 31 Yes Yes ĝ blocking agent, 
perhexilene 
12 51F 18 Yes Yes None 
13 48M 84 Yes Yes a and Ü blocking agents 


Coronary Arteriograms Method of Diagnosis 


Irreg RCA (E) ECG 0.3 mV ST Il III aVF 
Irreg LAD Monitor 1.2 mV S-T1, VT 
Normal (E) Marked RCA spasm 


Irreg RCA, LAD, LCx (E) Marked LAD, Diag, LCx, OM spasm; 
ECG 0.2 mV S-T1 V1-3 
(E) Marked RCA spasm; Monitor 
0.7 mV S-T/, VT 
(E) 80% LAD spasm 
Monitor 0.5 mV S-TÎ, VT, CHB 
(E) Marked RCA, LAD spasm 
(E) 50% LAD, 95% RCA spasm 
Monitor 0.7 mV S-T1 
Spontaneous 70% LAD spasm; 
(E) Monitor 2.5 mV S-T^ 
Normal (MI 6/1978, (E) 7096 RCA, 60% LAD spasm; (E) 1 
3/1979) mV S-T* II Ill aVF 
70% LAD, 10096 LCx & (E) Marked LAD spasm 
OM (MI 1976) 


50% LAD 


Irreg LAD, LCx 

Irreg Diag 

Irreg RCA, LAD, LCx 
Irreg RCA, LAD, LCx 
Irreg RCA, LAD, Diag 
Normal 


« = alpha; = beta; CHB = complete heart block; LCx = circumflex coronary artery; Diag = diagonal coronary artery; (E) = ergonovine maleate 
provocation; Irreg = minor irregularity of less than 50 percent diameter reduction; LAD = left anterior descending coronary artery; Marked = greater 
than or equal to 90 percent reduction in vessel diameter compared with its resting state; LCx = left circumflex coronary artery; MI = myocardial 
infarction; OM = obtuse marginal coronary artery; RCA = right coronary artery; S-T* = S-T segment elevation; VT = ventricular tachycardia. 


diltiazem/day was compared with the paired placebo 
period, there was a significant increase in the number 
of pain-free days (from 43 + 30 to 71 + 37 percent [+ 
SD], p = 0.03) and a trend toward a significant decrease 
in the frequency of angina (from 2.2 + 2.7/day to 0.6 + 
1.0/day, p = 0.06), but no significant decrease in the 
consumption of nitroglycerin (p = 0.32). When the pe- 
riod of administration of 240 mg of diltiazem was com- 
pared with the paired placebo period there was a sig- 
nificant increase in the number of pain-free days (from 


TABLE Il 


50 + 37 to 79 + 30 percent, p = 0.03) and a significant 
decrease in both frequency of angina (from 1.6 + 2.0/day 
to 0.4 + 0.5/day, p = 0.03) and consumption of nitro- 
glycerin (from 1.3 + 1.1/day to 0.4 + 0.6/day, p = 
0.01). 

Individual responses: Responses in individual pa- 
tients varied. When receiving 120 mg of diltiazem/day 
six patients demonstrated a complete response, one a 
partial response, three no response and three disease 
attenuation. When receiving 240 mg of diltiazem/day 


Data of Individual Patients During Periods of Single-Blind Placebo (SB), Double-Blind Low Dosage Placebo (P1), 120 mg of 
Diltiazem (D1), High Dosage Placebo (P2), 240 mg/day of Diltiazem (D2) 


Average Frequency/Day 


Total 
Days of Period Angina 

Case SB P1 D1 P2 D2 SB P1 D1. P2 
1 14 14 14 14 14 0:4 7993, 0,1 ^.0, 

2. ie 14 14 14 14 Os 21^ Yy 2: 

9 14 14 14 14 14 $158 "03. O17 . + 

4 14 14 14 14 14 0B "^14" 04 ' O. 
Boot 3 11 5 9 ARN 42- 1. 

6 14 14 14 14 14 21-1092. -2:83: 71. 

qo oe 14 14 14 14 L4. 708 00, 2 

8 7 14 7 14 14 19. Of. 1, 0. 

9 7 2 14 2 14 14 4*5 00. 7, 
10 14 14 14 14 14 Ze, 08. QU .Q. 
11 7 14 14 14 14 BB «4 2 3. 
12 9 7 14 14 10 QU. T€. $1 :0. 
19... 14 14 14 14 14 07-02 00 . 6. 
Mu ete). Vice 51392. 12.44... 13.3 19. 22 0.6 1 
SD. 3.1 4.5 2.0 4.0 L2 er EI 4.0, 2. 


NTG = nitroglycerin; SD = standard deviation. 


OMA WA NOOMMD=D=OD0 


Percent 
NTG Consumption of Pain-Free Days 
D2 SB Pl Di "na D2-'SB "P1' Di P2 D2 
0.2 06 tS (OD "9B... 0.2% 64. 36 93 36 79 
00. 0S3, ti WA SAT U0 57521 93 21 100 
0.0. .1383:5.0.18,0; 1 9.0 OD 7 . 93 93 100 100 
03 04 0.66 03. 00.0. $57 . 3 71 86 79 
00 2h. : 98) 00. "X2 0.0 9 0 82 60 100 
06 50::94 . 6:15 28 14.1 T, 7.23 0 29 43 
Q0 |. 231-57 ".00 24 005.287.385: 100 O 100 
0.7. 784 OS 0 he REA 297. 88 43 64 64 
00. 0:11. 15 449. AB BO 29 -9D. 100 0 100 
00 17. 04 ,091-92 OO M. 57... 100 79 100 
1.4 44 -24 24. X2 713 0 0 0 0 0 
12 64 27 “18.08 48 0 43 43 86 70 
0.1 08 O2° 901)..:02 04.90. 78." 100 86 86 
04. 25. 19 mM a 0A or |. 71 50 79 
0:5 2.4 24 "T8. 11-06 23 320 37 37 | 30 
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four patients demonstrated a complete response, two 
a partial response, three no response and four disease 
attenuation. 

Rebound phenomenon and delayed response: To 
evaluate for a rebound phenomenon to abrupt cessation 
of diltiazem therapy, placebo periods after periods of 
either dosage of diltiazem were analyzed. There was no 
significant difference in frequency of pain when any 
combination of the first 3 days of placebo was compared 
with the remaining days of the placebo periods. To 
evaluate for a delay in clinical response to the institution 
of diltiazem therapy, active drug periods after periods 
of placebo were analyzed. At neither dosage of diltiazem 
was there a significant difference in frequency of pain 
when any combination of the first 3 days of active drug 
was compared with the remaining days of the drug pe- 
riods. 

Systemic effects: There was no change in weight, 
systolic* or diastolic’ blood pressures, electrocardio- 
graphic intervals (P-R, QRS, Q-T), routine serum 
chemistry values, complete blood and platelet counts 
and urinalysis during the study. There were no com- 
plications during the study, and no adverse reactions 
during the study were ascertained except in one patient 
who reported headaches during therapy with both the 
low dosage of diltiazem drug and with placebo. 


Discussion 


Diltiazem is a member of the new class of agents 
termed calcium antagonists.°° These agents act by 
blocking the influx of freely exchangeable or “extra- 
cellular” calcium through calcium channels presumably 
located in the cell membrane of vascular smooth mus- 
cle.?o? Pharmacologically, these agents demonstrate 
noncompetitive antagonism to vasoactive substances 
such as catecholamines, acetylcholine and histamine, 
and competitive antagonism to calcium.???4^ Studies 
with in vitro human coronary arteries have demon- 
strated that a wide variety of endogenous vasoactive 
substances are potentially involved in mediating coro- 
nary spasm.?? The resulting mechanical response of the 
coronary artery to calcium antagonists is relaxation of 
its vascular smooth muscle and thus vasodilation. In 
vitro pharmacologic studies demonstrate that, although 
diltiazem can exert a negative inotropic action on car- 
diac ventricular muscle,’ its preferential effect at 
clinically used doses is on the coronary vascular smooth 
muscle.?' 

Diltiazem and other calcium antagonist drugs such 
as perhexiline, nifedipine and verapamil have been 
evaluated for therapy of coronary arterial spasm and 
have been reported to be remarkably effective. How- 
ever, except for two short-term in-patient studies of 
calcium antagonists in patients with coronary artery 


* Systolic: 120 mg/day, 138 mm Hg; paired placebo, 135 mm Hg 
(p = 0.31); 240 mg/day, 136 mm Hg; paired placebo, 133 mm Hg (p 
— 0.29). 

t Diastolic: 120 mg/day, 81 mm Hg; paired placebo, 87 mm Hg (p 
= 0.81); 240 mg/day, 84 mm Hg; paired placebo, 87 mm Hg (p = 
0.7 1). 





disease and vasospastic angina at rest,?!:27 no double- 
blind evaluations of any of the calcium antagonist drugs 
for coronary arterial spasm have been reported. 

Effect of diltiazem on angina due to coronary 
spasm: In our study, six patients given the lower dosage 
(120 mg/day) and four patients given the higher dosage 
(240 mg/day) of diltiazem had a complete resolution of 
their pain. Of the remaining six patients without disease 
attenuation, one had a partial response to the lower 
dosage, two a partial response to the higher dosage and 
three no response at either dosage. These findings may 
reflect one of four possibilities in the patients without 
a complete response: (1) inadequate oral dosage possibly 
secondary to decreased bioavailability; (2) resistance 
to therapeutic levels of diltiazem; (3) fluctuations in 
disease activity rendering the patient selectively re- 
sponsive at only specific periods in the course of the 
disease; and (4) inaccuracies in the diary technique in 
evaluating response. 

Plasma levels of diltiazem obtained in these patients 
without a complete response, similar to those in patients 
with a complete response, exclude the possibility of 
decreased bioavailability. Comparative drug trials 
would evaluate the possibility that subsets of patients 
with coronary arterial spasm may have selective re- 
sponsiveness to a given class of drugs (for example, 
calcium antagonists versus nitrates) or a specific drug 
within a given class (for example, diltiazem versus ni- 
fedipine). Studies of longer duration would evaluate the 
possibility of fluctuation in drug response over time. 

More objective data evaluating outpatient drug ef- 
ficacy by reduction of clinical and subclinical ischemic 
episodes might have been achieved with ambulatory 
monitoring.?? Although patient diaries allowed analysis 
of several measures of subjective clinical response to 
therapy, the frequency of subclinical ischemic episodes 
could not be ascertained nor could the anginal origin of 
all reported episodes of chest pain be confirmed. 

Spontaneous attenuation of coronary spasm: Five 
of 13 patients demonstrated spontaneous attenuation 
of disease activity at one or both dosages despite dem- 
onstration of much greater disease activity during the 
single-blind placebo period on entry into the study. The 
natural history of the activity of variant angina is gen- 
erally considered variable,??-4? and pronounced fluc- 
tuation of any single measure of disease activity would 
not be unexpected. However, these five patients dem- 
onstrated an attenuation of a clinical measure of disease 
activity to an extent that partial or complete response 
to medication could be mimicked if the study was not 
of crossover design. These findings reinforce the im- 
portance of double-blind studies, with the inclusion of 
placebo periods in study design, to delineate therapeutic 
response from spontaneous disease attenuation. The 
possibility of any contribution of diltiazem adminis- 
tration to subsequent disease attenuation could not be 
assessed because of the small number of patients in- 
volved. 

There is always concern about possible areas of bias 
introduced by either the patient or the investigator 
when using the diary method of documenting episodes 
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of pain. The lack of adverse effects of diltiazem and the 
multiple crossover periods render it less likely that the 
patients knew whether they were taking drug or placebo 
at any given time. However, the patients were aware 
that the low dosage diltiazem period always preceded 
the high dosage period. 

Absence of rebound phenomenon or delay in 
clinical response: The failure to detect a difference in 
frequency of pain when comparing the initial with the 
remaining days of the placebo periods subsequent to 
periods of either dosage of diltiazem, suggests the ab- 
sence of a rebound phenomenon secondary to an abrupt 
discontinuation of the drug. Bias tending to obscure 
such a phenomenon could be provided by those patients 
whose placebo periods were shortened because of angina 
of unacceptable frequency and severity. If withdrawal 
symptoms were occurring, shortening of the placebo 
period would not allow these patients to demonstrate 


DILTIAZEM FOR CORONARY ARTERIAL SPASM—ROSENTHAL ET AL. 


a reduction in frequency of pain. The failure to detect 
a difference in frequency of pain when comparing the 
initial with the remaining days of active drug periods 
subsequent to placebo periods suggests the absence of 
a delay in clinical response to the institution of diltiazem 
therapy. 

In summary, diltiazem is a safe and highly effective 
calcium antagonist for therapy of clinical symptoms of 
coronary arterial spasm. This drug is free of adverse 
effects and patient tolerance is excellent. There is no 
evidence for either a rebound phenomenon secondary 
to abrupt discontinuation of the drug or a delay in 
clinical response to the institution of drug therapy. 
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Fifteen consecutive patients with coronary artery disease had rapid (158 
to 272 beats/min) and sustained ventricular tachycardia induced by the 
extrastimulus technique, and received procainamide infusion. Before the 
study, all but one patient had severe symptoms with tachycardia, and six 
had survived apparent sudden death. Procainamide consistently slowed 
ventricular tachycardia. However, in traditional doses (1 g infusion, plasma 
concentration greater than 4 g/ml), it prevented induction of ventricular 
tachycardia in only 2 of the 15 patients. Induction of ventricular tachy- 
cardia was facilitated by procainamide in 10 patients. Larger doses of 
procainamide (plasma concentration 20.2 ug/ml + 9.7 [mean + standard 
deviation|) prevented induction of ventricular tachycardia in one of eight 
patients. Rapid ventricular rates (more than 210 beats/min) that were 
not slowed (by 50 percent or more) after a 1 g infusion of the drug pre- 
dicted failure of procainamide to prevent ventricular tachycardia. 
Therefore, procainamide slowed but did not prevent induced ventricular 
tachycardia in most of these patients with coronary artery disease at risk 
of sudden death. 


We! have previously described six patients in whom procainamide failed 
to prevent or even facilitated the induction of recurrent ventricular 
tachycardia by the extrastimulus technique. This report extends our 
observations on modification of ventricular tachycardia with procain- 
amide in 15 patients with ventricular dysfunction due to coronary artery 
disease. Our experience suggests that procainamide might prevent re- 
current arrhythmia in only a small subset of patients whose tachycardias 
are slower and better tolerated. 


Methods 


Study patients: Fifteen consecutive patients, aged 42 to 68 years, were eval- 
uated for ventricular tachycardia using the extrastimulus technique before and 
after procainamide infusion. Patients meeting the following criteria constituted 
the basis of this report: (1) coronary artery disease and remote myocardial in- 
farction; (2) sustained ventricular tachyarrhythmias that did not occur in the 
setting of reinfarction; and (3) successful induction of sustained ventricular 
tachycardia by the extrastimulus technique. Four patients were excluded from 
this report because sustained ventricular tachycardia was not induced by ex- 
trastimulation in the basal state, but they had spontaneous sustained ventricular 
tachycardia while receiving procainamide. An additional two patients did not 
receive procainamide because it had previously caused drug fever or lupus re- 
action. 

Table I provides clinical data on the patients studied. Twelve patients were 
referred before comprehensive clinical evaluation of drugs (seven of whom had 
taken no drug) because of frightening tachycardias that often required resus- 
citation from syncope or apparent sudden death. Patients were not excluded 
from the study if tachycardia could not be terminated by ventricular stimulation 
and external direct current countershock was required. Ten patients required 
direct current countershock before drugs were given. Thus, patients with poorly 
tolerated ventricular tachycardia, presumably at a faster rate (see later), were 
all included, avoiding this bias in patient selection. 
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Coronary arteriography and contrast left ventriculography 
were performed in 14 patients, and two dimensional echo- 
cardiographic left ventricular imaging was performed in the 
remaining patient. Ventricular aneurysm was defined as a 
segment of the left ventricular silhouette exhibiting akinesia 
or dyskinesia. The size of the dyskinetic segment (Table I) was 
described, using a modification of the method of Feild et al.,? 
as percent of the diastolic circumference of the right anterior 
oblique ventriculogram. 

Stimulation and recording techniques: Initial procain- 
amide studies were performed in the electrophysiology labo- 
ratory at least five half-lives after discontinuation of any 
antiarrhythmic drugs, and after the patients had given in- 
formed written consent. Subsequent drug studies were 
sometimes done in the cardiac care unit, using only surface 
electrocardiography. 

The right ventricular apex was stimulated and sustained 
ventricular tachycardia induced with single or double ex- 
trastimuli. Extrastimuli at twice threshold were delivered at 
10 ms decrements of coupling after eight drive stimuli. The 
drive cycle length selected was generally about 100 ms shorter 
than that resulting in consistent ventricular capture, thus 
allowing the same cycle length to be used after sinus acceler- 
ation by subsequent drug infusion or direct current cardio- 
version. When double extrastimuli were required for induction 
of ventricular tachycardia, the first extrastimulus was applied 
at a coupling interval of the effective refractory period plus 
20 ms. 

When sustained ventricular tachycardia was initiated, the 
coupling interval of the last extrastimulus was taken as the 
outer border of the zone of tachycardia. Termination of the 
tachycardia was attempted with extrastimulation and by 
bursts of rapid pacing in symptomatic patients. External 
countershock was used when the tachycardia or its accelera- 
tion by rapid pacing caused loss of consciousness. If external 
countershock was not required the inner border of the zone 
of tachycardia was then delineated, using incremental ex- 
trastimulation beginning within the effective refractory pe- 
riod. However, if countershock was required a second induc- 
tion of tachycardia was not considered justified. 

Recordings were made at paper speeds of 50 and 100 mm/s 
with an Electronics for Medicine VR-12 oscilloscope recorder. 
Intracardiac electrograms (from the proximal poles of the 
quadripolar right ventricular catheter and generally from a 


TABLE | 
Clinical Characteristics of Patients Receiving Procainamide 
Age (yr) & 
Case Sex Symptoms With VT Prior Drug failures 
1 58M Presyncope, angina None used 
2 51M Presyncope Quin 
3 63M Sudden death Pa, Lido, Pro, Quin 
4 67M Syncope Pa, Pro, Quin 
5 42M Palpitations None used 
6 60F Presyncope Lido, Quin 
7 64M Syncope None used 
8 68M CHF, angina Pa, Quin 
9 64M Sudden death Pro, Quin 
10 61M Sudden death None used 
11 55M Presyncope Quin 
12 56M Sudden death None used 
13 61M Sudden death Diso, Pa 
14 54M Sudden death None used 
15 46M Presyncope, angina None used 


* Hypokinesia. 


tripolar catheter with His bundle electrogram) were recorded 
at filter settings of 30 to 500 hertz. Surface leads I, aVF and 
V were recorded as well. 

Procainamide administration: After sinus rhythm had 
returned, procainamide was infused at a rate of 100 mg/min, 
with the infusion delayed each minute that systolic blood 
pressure was less than 90 mm Hg: Induction of tachycardia 
was again attempted 5 to 10 minutes after completion of the 
infusion. Most patients were tested after receiving a tradi- 
tional dose of procainamide, defined as an infusion of 1 g, re- 
sulting in a plasma concentration of 4 to 10 ug/ml.?-^ Blood 
was drawn for procainamide plasma concentration just after 
completion of induction and termination of tachycardia. Eight 
patients received larger infusions or larger oral doses, defined 
by a plasma concentration greater than 10 ug/ml, if the 1 g 
infusion was ineffective. 

Induced ventricular tachycardia was considered sustained 
if ventricular stimulation or countershock was required for 
its termination. Procainamide was considered to have facili- 
tated induction of tachycardia if there was a widened zone of 
tachycardia or if fewer extrastimuli were required for its in- 
duction (a clinical implication of facilitated induction of 
tachycardia is unproved). The response to procainamide was 
considered unchanged if the same number of extrastimuli 
were used and the zone of tachycardia was not altered or 
measured. 


Results 

Left ventricular dysfunction: Left ventricular 
dysfunction was characterized by angiography in 14 
patients and by two dimensional echocardiography in 
another. Almost all patients had appreciable left ven- 
tricular dysfunction (ejection fraction 0.33 + 0.12, mean 
+ standard deviation [SD]) and 14 of the 15 patients 
had focal akinesia or dyskinesia consistent with ven- 
tricular aneurysm. Ejection fraction did not determine 
rate of tachycardia (r = —0.22). The cycle length of 
ventricular tachycardia was usually about 300 ms or less 
(that is, 200 beats/min or faster). We think this explains 
why 10 of 15 patients with coronary artery disease re- 
quired external countershock to terminate ventricular 
tachycardia induced in the basal state. The character- 
istics of ventricular tachycardia were different from 


LVEDP Aneurysm 
Site of Aneurysm (mm Hg) LVEF Fraction 

Inferior 8 0.42 0.14 
Inferior 20 0.51 0.06 
Anterior 24 0.42 0.43 
Anterior * 14 0.36 HAS. 
Anterior 20 0.11 0.46 
Inferior 24 0.30 0.45 
Inferior 37 0.20 0.72 
Inferior 18 0.39 0.20 
Anterior 30 0.14 0.69 
Anterior Ded 0.33 n 

Inferior 25 0.42 0.32 
Anterior 20 0.29 0.43 
Anterior 30 0.23 0.51 
Inferior 21 0.39 0.61 
Inferior 14 0.47 0.41 


Aneurysm fraction — size of aneurysm designated as percent of diastolic circumference of the right anterior oblique ventriculogram; CHF — 
congestive heart failure; Diso = disopyramide; Lido = lidocaine; LVEDP = left ventricular end-diastolic pressure; LVEF = left ventricular ejection 
fraction; Pa = procainamide; Pro = propranolol; Quin = quinidine; VT = ventricular tachycardia. 
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those in previously reported series? because these 10 
patients were not excluded from further study. Thus, 
ventricular tachycardia was faster in our patients (av- 
erage 211 + 30 beats/min) and slower than 185 beats/ 
min only in Patient 5. The cycle length of ventricular 
tachycardia was also not related to the extent of asyn- 
ergy estimated from the fraction of the left ventricular 
silhouette consisting of the aneurysm (r = —0.47). 

Effects of procainamide: Infusion of procainamide 
resulted in consistent dose-related slowing of ventricular 
tachycardia (Table II). Figure 1 illustrates ventricular 
tachycardia in a representative patient (Case 14) and 
demonstrates that the cycle length of the tachycardia 
lengthened progressively with increments in procain- 
amide dose and plasma concentration. The cycle length 
was lengthened by procainamide in the entire series of 
patients (Fig. 2). 

Sustained ventricular tachycardia could be induced 
after infusion of traditional doses of procainamide in 13 
of 15 patients. The plasma concentrations were 5.7 
ug/ml or more. In fact, induction of ventricular tachy- 
cardia was facilitated by procainamide in 10 of these 
patients (Table II). 

The two patients in whom traditional doses of pro- 
cainamide prevented induction of sustained ventricular 
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tachycardia (Patients 1 and 5) had mild symptoms and 
the slowest rates of tachycardia (188 and 158 beats/min, 
respectively) in the group. The two thin dashed lines in 
Figure 2 show that these two patients had the greatest 
slowing in response to procainamide (a 34 and 50 per- 
cent increase, respectively, in tachycardia cycle length 
after 0.5 g of procainamide). After infusion of 1 g, sus- 
tained ventricular tachycardia could not be induced. 
Neither patient had spontaneous ventricular tachy- 
cardia when oral procainamide therapy was adminis- 
tered later. In contrast, the average increase in ven- 
tricular tachycardia cycle length after twice as much 
procainamide (1 g) in nonresponders was only 23 + 15 
percent. 

Eight of the 13 patients not responding to traditional 
doses were further tested after taking larger doses of 
procainamide (average infusion of 2.1 g or [not shown 
in Fig. 2] 8 to 12 g orally/day). A ninth patient (Case 2) 
was not tested because he had spontaneous sustained 
ventricular tachycardia while receiving 10 g of the drug. 
The plasma concentrations studied ranged from 11.3 
to 42.1 ug/ml (average 20.2 + 9.7 ug/ml). Only one pa- 
tient (Patient 9) among these nine did not have sus- 
tained ventricular tachycardia. He responded to a 
procainamide dosage of 8 g orally/day (plasma pro- 


TABLE Il 
Effects of Procainamide (Pa) on Induced Ventricular Tachycardia (VT) 
Pa Plasma 
Pa Dose, Concentration 
Case (g) (ug/ml) 
1 0.5 iv 
1.0 iv 
2 1.0 iv T 
3 1.2 iv 11.3 
4 1.0 iv 9.4 
5 0.5 iv o: 
6 0.5 iv 
1.0 iv 
1.5 iv AI 
2.0 iv 14.3 
1.0 iv 8.9 
1.0 iv 9.4 
9 1.0 8.4 
8/day po 18.0 
10 0.5 iv 
1.0 iv eth 
2.0 iv 22.0 
11 2.0 iv 13.7 
12 1.0 iv 5.2 
13 0.5 iv 2.8 
1.0 iv 6.7 
1.5 iv 7.0 
12/day po 21.5 
14 0.5 iv oil 
1.0 iv 7.9 
2.0 iv 24.5 
3.0 iv 42.1 
6/day po 13.3 
15 1.0 iv 5.4 
2.0 iv 11.6 
3.0 iv 18.3 


iv = intravenously; po = orally. 


VT Cycle VT Cycle 
Length Length VT Induction 

(ms-basal) (ms-Pa) After Pa 
320 430 Unchanged 
320 cand Prevented 
320 380 Facilitated 
290 390 Facilitated 
310 355 Facilitated 
380 570 Unsustained 
280 300 Facilitated 
280 320 Facilitated 
280 400 Facilitated 
280 470 Facilitated 
220 265 Unchanged 
305 380 Facilitated 
290 440 Facilitated 
290 Ag Prevented 
250 310 Unchanged 
250 380 Unchanged 
250 420 Unchanged 
240 320 Facilitated 
285 300 Unchanged 
320 300 Unchanged 
320 350 Facilitated 
320 445 Facilitated 
320 430 Facilitated 
290 370 Unchanged 
290 410 Facilitated 
290 480 Facilitated 
290 580 Facilitated 
290 400 Facilitated 
240 320 Unchanged 
240 350 Facilitated 
240 380 Facilitated 
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FIGURE 1. Case 14. Effect of progressive doses of intravenous (IV) procainamide on induced ventricular tachycardia in a representative patient. 
There are 200 and 40 ms time lines and the trace after 3.0 g is recorded at a slower paper speed. The basic stimulation cycle length (S;-S;) is constant. 
The tachycardia cycle length is progressively lengthened with increasing doses and higher plasma procainamide levels. Also, an S2-S4 sequence 
induces tachycardia in the basal state (upper left), but after a substantial dose of procainamide (lower panels) a single extrastimulus (S>) is sufficient 
to initiate ventricular tachycardia. BA = brachial arterial pressure pulse; RV = right ventricular electrogram; S, = drive stimuli at 100/min; S5-S4 


— extrastimuli. 


cainamide concentration 18.0 ug/ml, plasma N-acetyl 
procainamide 18.2 ug/ml), which caused an unstable 
gait. His response to infusion of 1 g of procainamide is 
depicted in Figure 2. The 52 percent increase in ven- 
tricular tachycardia cycle length after the infusion more 
closely resembled the response of the 2 patients in whom 
traditional doses of procainamide prevented ventricular 


TABLE Ill 
Response to Additional Antiarrhythmic Agents 


Drugs Preventing 


Drugs Not Preventing VT Sustained VT 


Case  Typel Other Type ! Other 
Una sis Pa "S 
2 Pa, Diso, Quin Lido, Phen, Pro x Aceb 
3 Pa, Diso, Quin Lido, Mex, Pro X M 
4 Pa, Quin Pro Diso 
B5 T Pa, Quin 
6 Pa, Diso, Quin Lido, Pro RES RPE 
7 Pa, Diso und Lido, Mex 
8 Pa, Quin C Nd Mer “ene 
9 Diso, Quin Lido, Phen Pa Bret 
10 Pa, Diso, Quin Lido, Phen, Bret MA foa 
11 Pa, Quin > dal Diso 
12 Pa, Quin RE P a 
13 Pa, Diso, Quin Mex, Toc, Bret Lido, Bret 
(oral) 
14 Pa, Diso, Quin, Lido, Ver, Bret 
Aprin 
15 Pa, Diso, Quin Lido, Bret Pro 


Aceb = acebutolol, 1.2 g/day orally; Aprin = aprindine, 200 mg in- 
travenously; Bret = bretylium tosylate, 10 mg/kg intravenously (oral 
dose 1.0 g/day); Diso = disopyramide, 0.8 to 1.2 g/day orally; Lido = 
lidocaine, 225 mg intravenously; Mex = mexiletine, 1.2 g/day orally; 
Pa = procainamide (see text for doses and routes of administration); 
Phen = phenytoin, 400 mg/day orally; Pro = propranolol, 160 to 240 
mg/day orally; Quin = quinidine, 1.6 to 2.4 g/day orally; Toc = tocainide, 
3.2 g/day orally; Ver = verapamil, 15 mg intravenously. 
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tachycardia (Fig. 2) than the dose-response curve of the 
remaining 12 patients. 

On the basis of the entire set of 24 observations in the 
12 nonresponders, the average change in cycle length 
for each bolus dose of procainamide infused was 79.3 + 
48 ms/g procainamide (Fig. 3). In contrast, the three 
observations that could be made in responders before 
ventricular tachycardia was prevented suggested a 
significantly greater slowing (250 + 118 ms/g procain- 
amide, p <0.001). 

There were no clinical features other than the rate 
of ventricular tachycardia that predicted a successful 
response to procainamide. One of the three patients 
with sustained tachycardia prevented with procain- 
amide had ventricular tachycardia with a right bundle 
branch block form, one with a left bundle branch block 
form and one with both forms. Two had an anterior and 
one an inferior aneurysm, of 8 months’ and 4 and 10 
years’ duration, respectively. The two with an anterior 
aneurysm had nonobstructed left circumflex and right 
coronary arteries but the patient with the inferior an- 
eurysm had significant left main coronary arterial ste- 
nosis. Left ventricular dysfunction was as severe as in 
nonresponders (ejection fraction 0.11, 0.14 and 0.42, 
respectively) and the fractional size of the aneurysm was 
as great (0.69, 0.46 and 0.14, respectively). 

Response to other drugs: Table III summarizes the 
clinical and laboratory response to a variety of addi- 
tional antiarrhythmic drugs given alone or in combi- 
nation. Additional drugs were used in a nonsystematic 
fashion. No patient responded to quinidine who had not 
responded to procainamide. However, failure to respond 
to procanamide did not preclude a response to other 
type I (disopyramide) or dissimilar antiarrhythmic 
agents. À response to a different type I agent that slowed 
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FIGURE 2. Effect of procainamide infusions on ventricular tachycardia 
cycle length. There is consistent slowing of tachycardia as a function 
of procainamide dose. The dose-response curves show the greatest 
slowing of rate in the patients responding to traditional intravenous doses 
(top two thin dashed lines) or in the patient subsequently responding 
to a high oral dosage (lower thick dashed line). 


conduction could have resulted from differences in 
dosage or potency, but neither of the two responders to 
disopyramide had initially slow ventricular tachycardia 
or dramatic slowing of tachycardia with procain- 
amide. 


Discussion 


Poor response of ventricular tachycardia to 
procainamide: Our patients had ventricular tachy- 
cardia in the setting of coronary artery disease and 
ventricular aneurysm. Six of our patients had been 
resuscitated from apparent sudden death and ventric- 
ular fibrillation was recorded in four at the time of re- 
suscitation, presumably as a consequence of poorly 
tolerated ventricular tachycardia. This subset of pa- 
tients with coronary artery disease who were truly at 
risk for sudden death received traditional doses of 
procainamide and achieved plasma concentrations of 
procainamide that have been used to suppress chronic 
ventricular arrhythmia, but results were disappointing. 
Only 2 of the 15 patients had at least partial prevention 
of ventricular tachycardia by traditional infusion doses 
of procainamide. Among nine patients receiving larger 
doses of procainamide, one responded, at a plasma 
concentration that caused neurologic toxicity. Several 
patients not entered into the study had spontaneous 
recurrence of ventricular tachycardia while receiving 
larger doses of procainamide. 

These data are consistent with prior reports and 
unpublished communications. Only two of the six pa- 
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FIGURE 3. Dose-response relation between infused procainamide and 
ventricular tachycardia cycle length. Responders (dashed lines) had 
a greater slowing of ventricular tachycardia in response to procainamide 
than did nonresponders (bar) (p <0.001). 


tients with coronary artery disease tested by Wellens 
et al.’ responded to procainamide, and the rate of ven- 
tricular tachycardia was 167 and 171 beats/min, re- 
spectively, in these two patients. Among 28 patients 
with coronary disease, Fisher et al. had only 3 re- 
sponders (rates 160, 160 and more than 210 beats/min, 
respectively) (Fisher JD, personal communication). 
Horowitz et al. had only 6 responders among 14 pa- 
tients with heart disease (rates only 130 to 171 beats/ 
min). (Horowitz LN, Josephson ME, personal com- 
munication). Mason and Winkle? found only 3 of 11 to 
respond (rates 135, 158 and 279 beats/min) (the last as 
a result of isoproterenol infusion; Mason JW, personal 
communication). These data compare with those of the 
three responders (20 percent) in our series whose rate 
of ventricular tachycardia was 158,188 and 207 beats/ 
min, respectively. In summary, only a minority of pa- 
tients with heart disease previously reported on re- 
sponded to procainamide. Responders generally had a 
slower rate of tachycardia than the average of 215 
beats/min in our series. 

Clinical implications: Our data suggest that the 
dose-response potency of procainamide in further 
slowing of ventricular tachycardia predicts ultimate 
prevention of the arrhythmia. Other characteristics of 
the ventricular tachycardia, such as the form or site of 
origin, the size of the aneurysm or the functional state 
of residual myocardium, do not appear to be critical. 
Although procainamide was the most effective drug we 
used, it facilitated induction of tachycardia in the ma- 
jority of patients. It is hypothesized that the mechanism 
of successful procainamide action is to slow conduction 
in a reentrant circuit, !? rather than to prolong refrac- 
toriness to a greater extent than the slowing. 
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Hydralazine possesses positive inotropic properties in animal model 
preparations. To determine whether this vasodilator elicits a positive in- 
otropic response in the failing human ventricle, hydralazine, 75 or 100 
mg, was administered orally to 14 patients with left ventricular dysfunction 
and congestive heart failure; the results were compared with those of 
first-dose prazosin at 5 and 10 mg. The duration of the preejection period 
and the isovolumic developed pressure/duration of isovolumic contraction 
(AP/At) were used as indexes of inotropy. Prazosin did not effect a sig- 
nificant response in the duration of the preejection period or in the AP/At. 
Hydralazine significantly shortened the preejection period and increased 
the AP/At over 8 hours after administration; these data suggest that 
hydralazine elicits a positive inotropic response in the failing human 
ventricle. 


Hydralazine is a vasodilator widely used in the management of chronic 
congestive heart failure. As an arteriolar vasodilator, its primary bene- 
ficial effects are secondary to afterload reduction. Studies in animal 
models! indicate that hydralazine possesses direct positive inotropic 
properties on the myocardium. This study was designed to determine 
whether hydralazine elicits positive inotropy in human subjects in the 
setting of ventricular dysfunction and congestive heart failure; the results 
were compared with those of another widely used vasodilator, pra- 
zosin. 


Methods 


Study patients: Fourteen adult patients with severe congestive heart failure 
were studied. All patients underwent diagnostic cardiac catheterization within 
1 month of the study. Each patient had a form of congestive cardiomyopathy 
whose origin was ischemic in nine and idiopathic in five. Seven patients were 
studied after receiving 75 mg of hydralazine orally and seven after receiving 100 
mg orally. After a 24 hour reequilibration period, the former group also received 
5 mg of prazosin orally and the latter group 10 mg of prazosin orally. Diuretic 
drugs, nitrates and other vasodilators were discontinued a minimum of 72 hours 
before the study. No patient was taking maintenance hydralazine or prazosin 
before hospitalization. Patients with atrial fibrillation or flutter, an artificial 
pacemaker or valve insufficiency were excluded. Written informed consent was 
obtained from each patient before the study. 

Procedures and measurements: A triple lumen flow-directed catheter was 
placed in the pulmonary artery of each patient 1 day before the study. This 
catheter provided the measurement of the pulmonary capillary wedge pressure 
(pulmonary arterial occlusive pressure) and cardiac output; pressures were de- 
termined with Electronics for Medicine M2101 pressure amplification units and 
cardiac output with thermodilution using an Instrumentation Laboratory 601 
computer and 602 recorder. Systemic blood pressure was measured indirectly 
with a calibrated sphygmomanometer. Simultaneous recordings of a carotid pulse 
tracing, a precordial phonocardiogram and an electrocardiogram were made 
using an Electronics for Medicine Echo IV unit. 

Technical specifications included carotid pulse recordings at an amplitude 
greater than 5 cm with a Statham P23Db transducer (frequency response 0.1 - 
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TABLE | 


Control Values for the Different Measurements (mean + 
standard error of the mean) 


Hydralazine Prazosin 
75 mg 100 mg 5 mg 10 mg 
(n = 7) n * 7) (n = 7) (n = 7) 
PEPI 173 + 185 + 184 + 180 + 
(ms 1 20 23 20 
Ap/At 562 + 549 + 549 553 
(mm Hg/s) 90 97 + 89 + 93 
AP (mmHg) 50+ 45+ 45+ 47+ 
6 7 6 5 
At (s) 0.089 0.082 0.082 0.085 
+ 0.015 + 0.017 + 0.020 + 0.017 
SVI 24+ 22+ 24+ 23 + 
(ml/m?) 3 3 2 2 
HR 84 t 86 + 87 t 88 + 
(beats/min) 5 6 4 
PCWP 28 + 26 t 26 + 25 x 
(mm Hg) 4 2 3 3 


HR = heart rate; n = number; PCWP = pulmonary capillary wedge 


pressure; PEPI = preejection period index. 


to 30 hertz) connected to a funnel-shaped pickup (diameter 
= 2.3 cm) by a 3 cm (diameter = 4 mm) polyethylene tube; 
recordings of the second heart sound showing clear inscription 
and identification of the aortic component (cutoff frequency 
setting greater than 100 hertz); and an electrocardiographic 
lead showing the clearest definition of the Q wave. The same 
recording unit was used to obtain an apexcardiogram. All re- 
cordings were made at a paper speed of 100 mm/s. Ten suc- 
cessive complexes were averaged for each determination. 

Measurements were made every 20 minutes during the 1 
hour control period for each drug; patients with a coefficient 
of variance greater than 10 percent (for cardiac output and 
pulmonary capillary wedge pressure) during the control period 
were excluded. The last set of measurements during the con- 
trol period was used as the control values. After the admin- 
istration of each drug, measurements were made every hour 
over an 8 hour period. 

Calculations included: stroke volume index = cardiac 
output/heart rate/body surface area; preejection period (PEP) 


* p< 0.05 (vs CONTROL); DtSED 
HYDRAL 75mg 








= total electromechanical systole (Q-S;) — left ventricular 
ejection time; preejection period index (PEPI) = PEP cor- 
rected for heart rate*; and AP/At,56 where AP = developed 
pressure during isovolumic contraction = systemic diastolic 
blood pressure — pulmonary capillary wedge pressure, and At 
= isovolumic contraction time = PEP — electromechanical 
delay (Q wave of the electrocardiogram to upstroke of left 
ventricular impulse on the apexcardiogram). A decrease in the 
preejection period index and an increase in the AP/At indicate 
positive inotropy.*? 

Statistical analysis: Each response curve for each drug and 
dose was compared with responses in the control period using 
the analysis of variance for repeated measures; additional 
analysis of each hourly mean value was made using the Stu- 
dent's t test for paired data. Comparison of response curves 
between the two drugs was accomplished by two way analysis 
of variance. A probability (p) value of «0.05 defined a signif- 
icant difference. 


Results 


Control measurements: There were no significant 
differences among any of the control measurements in 
the four drug studies (Table I). The presence of con- 
gestive heart failure in this patient group is reflected in 
the elevated pulmonary capillary wedge pressure and 
reduced stroke volume. 

Preejection period index: Hydralazine at both 
doses significantly shortened the preejection period 
index (Fig. 1); the degree of shortening appeared to be 
dose-related. Although prazosin demonstrated a ten- 
dency to decrease the preejection period index, the 
changes were not significantly different from values in 
the control period for both the 5 and 10 mg doses. 

AP/At: Hydralazine significantly increased the 
AP/At at both the 75 and 100 mg doses (Fig. 2A); once 
again, the response appeared to be dose-related. Pra- 
zosin did not change the mean AP/At from those values 
in the control period. Figure 2, B and C, presents the 
components of the AP/At measurement for each drug 
and dose. The developed pressure (AP) during isovo- 
lumic contraction did not change significantly from that 
in the control period for either drug. The duration of 
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HYDRAL !OO mg PRAZOSIN 5mg PRAZOSIN !O mg 
(n«7) (n*7) 
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FIGURE 1. Graphs illustrating the changes in the preejection period, corrected for heart rate (PEPI), elicited by oral hydralazine (HYDRAL), 75 and 
100 mg, and prazosin, 5 and 10 mg. Hydralazine significantly shortened the PEPI in a dose-related response. Prazosin did not significantly alter 
this parameter. The response curves for both doses of hydralazine were significantly different from those for prazosin. D + SED = mean change 


(difference) from control values + standard error of the difference. 


‘ 
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isovolumic contraction (At) shortened significantly with 
hydralazine and remained unchanged for prazosin. This 
difference in the isovolumic contraction time accounted 
for the divergence of the AP/At curves for hydralazine 
and prazosin. 

Other hemodynamic measurements: The changes 
in stroke volume index, indicative of the degree or ex- 
tent of contraction, for the two drugs are presented in 
Figure 3A. Both drugs increased the mean stroke vol- 
ume index, and the response was dose-related for both 
agents. The mean heart rate did not change from that 
in the control period for either drug (Fig. 3B). The 
changes in mean pulmonary capillary wedge pressure 
(Fig. 3C) were similar for 75 mg of hydralazine and 5 and 
10 mg of prazosin. Hydralazine at 100 mg effected an 
additional mild decrease in the mean pulmonary cap- 
illary wedge pressure. 


Discussion 


This study suggests that hydralazine elicits positive 
inotropy in the failing left ventricle in human subjects; 
this drug significantly shortened the preejection period 
and increased the mean rate of rise of isovolumic pres- 
sure or AP/At. The effects of prazosin on these inotropic 
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* p< 0.05 (vs CONTROL); D*SED 


HYDRAL 75mg HYDRAL 100mg 
(n*7) ( n*7) 
A. AP/M 
* yy 





A mmHg 
o 


A msec 





variables were negligible. These results in human 
subjects parallel those obtained by Riggs et al.? in iso- 
lated cat papillary muscle; in their preparation, hy- 
dralazine increased peak tension, rate of tension de- 
velopment and maximal rate of shortening (V max) 
whereas prazosin did not alter these variables. 
Shorter preejection period and isovolumic con- 
traction time as indexes of positive inotropy: The 
enhanced inotropy with hydralazine was primarily a 
result of shortening of the preejection period and iso- 
volumic contraction time. Changes in the preejection 
period and isovolumic contraction time alone correlate 
well with other indexes of inotropy and contractility.*75 
Mean isovolumic developed pressure (AP) was not al- 
tered by hydralazine because the decrease in left ven- 
tricular filling pressure was accompanied by a parallel 
decrease in diastolic blood pressure. A decrease in left 
ventricular filling pressure alone would lengthen the 
preejection period index and the duration of the iso- 
volumic contraction (resultant decrease in AP/At) 
without invoking a negative inotropic mechanism. A 
decrease in aortic diastolic pressure alone would shorten 
the preejection period index and the duration of iso- 
volumic contraction (increase in AP/At) without posi- 


PRAZOSIN 5mg 
( n*7) 


PRAZOSIN 10 mg 
(n#7) 
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FIGURE 2. A, hydralazine (HYDRAL), 75 and 100 mg, significantly increased the inotropic index AP/At. Prazosin generally did not change this 
determinant of inotropy. The response curves for both doses of hydralazine were significantly different from those for prazosin. The changes of 
the components of AP/At are presented in B and C. B, developed pressure during the isovolumic contraction (AP) did not change from the control 
value for either hydralazine or prazosin. C, the duration of isovolumic contraction (At, in milliseconds) decreased significantly with hydralazine 
and remained unchanged for prazosin. The response curves of both doses of hydralazine were significantly different from those of prazosin. 
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tive inotropy. In other words, independent or disparate 
alterations in aortic diastolic pressure and left ven- 
tricular filling pressure can profoundly affect the in- 
dexes of inotropy used in this investigation. However, 
the parallel reduction in left ventricular filling pressure 
and aortic diastolic pressure resulted in an isovolumic 
developed pressure that was not different from that in 
the control period during the entire 8 hour period after 
administration of either hydralazine or prazosin. In 
short, hydralazine decreased the preejection period and 
the time (At) required to generate the same isovolumic 
developed pressure (thereby increasing AP/At), indi- 
cating positive inotropy. Prazosin did not alter the 
preejection period or isovolumic contraction time that, 
in the face of a constant isovolumic developed pressure, 
indicates minimal to no inotropic properties. 

Role of afterload reduction: Afterload reduction 
itself may shorten the preejection period and the iso- 
volumic contraction time? and, hypothetically, the 
failure of afterload reduction with prazosin to shorten 
these intervals may be secondary to concomitant neg- 
ative inotropic properties. This explanation is not ap- 
plicable for two reasons. First, the shortening of the 
preejection period and the isovolumic contraction time 


*p«0.05 (vs CONTROL): D* SED 
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with afterload reduction is dependent on decreasing 
aortic diastolic pressure more than left ventricular 
filling pressure,? which did not occur with either drug. 
Second, while diminished chronotropic responses have 
been attributed to prazosin (postsynaptic sympathetic 
blocking agents)!° there is no evidence that this drug has 
negative inotropic properties. Therefore, it is unlikely 
that the disparate effects of hydralazine and prazosin 
on the preejection period and the AP/At are secondary 
to afterload reduction alone with hydralazine and 
combined afterload reduction and negative inotropy 
with prazosin. 

Role of ventricular filling pressure: The con- 
tractile state of a ventricle is directly related to its 
end-diastolic size (Frank-Starling phenomenon), which 
is, in large part, a function of ventricular filling pressure. 
The mean left ventricular filling pressures of patients 
treated with hydralazine were not significantly different 
from those of patients treated with prazosin; therefore 
the augmented inotropy of hydralazine cannot be ex- 
plained as differences in ventricular filling pressure 
(pulmonary capillary wedge pressure). Although hy- 
dralazine is not noted for any primary preload-reducing 
properties, this agent effected a decrease in the pul- 
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FIGURE 3. A, The responses of stroke volume index to 75 and 100 mg of hydralazine (HYDRAL) were comparable with responses to prazosin at 
5 and 10 mg, respectively. B, neither drug altered mean heart rate from the control value. C, hydralazine, 75 mg, and prazosin, 5 and 10 mg, effected 
a similar decrease in the pulmonary capillary wedge pressure (PCWP). The 100 mg dose of hydralazine reduced this pressure further. None of the 
pulmonary capillary wedge pressure response curves were significantly different from each other. 
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monary capillary wedge pressure in this study; this 
decrease cannot be attributed to a reduction in mitral 
regurgitation, because patients with valve regurgitation 
were excluded from study. Other investigators!1-13 have 
reported a similar reduction in the pulmonary capillary 
wedge pressure after hydralazine therapy for congestive 
heart failure. 

Role of ventricular volume changes: Left ven- 
tricular end-diastolic volumes were not measured in this 
study. Although it is unlikely, one cannot absolutely 
exclude the possibility that left ventricular end-diastolic 
volume decreased more with prazosin than with hy- 
dralazine (despite similar reductions in left ventricular 
filling pressure), thereby shifting the prazosin points 
to the left (and lower) of the hydralazine values on the 
same Frank-Starling function (contractility versus 
ventricular volume) curve. A recent study!^ in baboons 
questions the importance of acute ventricular volume 
changes in controlling the inotropic state of the ven- 
tricle. 

Mechanisms of hydralazine-induced inotropy: 
The precise mechanism for this apparent hydralazine- 
induced inotropy in our patient group is not known. 
Direct stimulation of the myocardium is the most at- 
tractive possibility. It is unlikely that the positive ino- 
tropic effect is secondary to reflex activation of the 
cardiac sympathetic nerves; a positive chronotropic 
response was not provoked with hydralazine. Although 
reflex sympathetic activity may not be a major com- 
ponent of hydralazine-induced inotropy, two reported 
studies? !^ suggest that hydralazine may directly or in- 
directly (by way of histamine release) stimulate beta 
adrenergic receptors. In both studies the local inotropic 
effect of hydralazine was blocked with beta receptor 
blocking agents. If hydralazine does act on the myo- 
cardium through stimulation of the beta adrenergic 
receptors, a differential effect on chronotropic and in- 
otropic receptors is implicated. In addition, it is inter- 
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esting to speculate that the positive inotropic effects of 
hydralazine may be short-lived with long-term admin- 
istration secondary to a reduction in number or sensi- 
tivity of the beta adrenergic receptors, similar to that 
seen with long-term catecholamine stimulation. Again, 
afterload reduction with hydralazine does not account 
for the improvement of the inotropic indexes; developed 
pressure was not altered and first dose prazosin elicited 
a similar increase in stroke volume, and the changes in 
total systemic resistance effected by the two agents were 
comparable. Although the underlying mechanisms for 
the findings of our study have not been precisely de- 
lineated, the integration of these mechanisms has re- 
sulted in the observation that hydralazine appears to 
elicit positive inotropy in the failing human ventricle 
and prazosin does not. 

Clinical implications: The positive inotropic 
properties of hydralazine do not appear to be essential 
for augmentation of cardiovascular performance; in fact, 
in certain situations the positive inotropy may be 
harmful. In patients with congestive heart failure sec- 
ondary to ischemic myocardium, an agent capable of 
increasing stroke volume without augmenting inotropy 
would be preferable. First dose prazosin elicited a 
comparable increase in stroke volume without in- 
creasing ventricular inotropy. Unfortunately, the 
long-term administration of prazosin is characterized 
by the development of pharmacodynamic tolerance of 
resting hemodynamic values.!6-15 The two popular 
agents, hydralazine and prazosin, may not be ideal va- 
sodilators despite their widespread use. Additional re- 
search directed toward the development of an ideal 
vasodilator is needed. 
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Selectively Increases 
Myocardial Contractility 

with Consistent 
Hemodynamic Improvements 


Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex* (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

In patients who have atrial fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. Increase in Heart Rate or Blood 
Pressure—Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity but if rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction—Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 
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drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy —Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex* (dobutamine hydro- 
chloride, Lilly) for use in children have not 
been studied. 


Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: Increased Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity —A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects—The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

Longer-Term Safety—Infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patient's condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 
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Administration and Dosage: Reconstitution 
and Stability—Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection. 
To reconstitute, add 10 ml of diluent to Vial 
No. 7051, Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
10 ml of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage —The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250,500, and 1000 mcg/ml 
Drug Delivery Infusion Delivery Rate 


Rate 250 mcg/mi* 500 mcg/mlt 1000 mcg/ml 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 


2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
125 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


*250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 ml of diluent 
£1000 mg per liter or 250 mg per 250 mi of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. [081678] 
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SEMINAR ON CALCIUM CHANNEL BLOCKERS—PART |* 


EUGENE BRAUNWALD, MD, FACC, Guest Editor 


Introduction: Calcium Channel Blockers 


EUGENE BRAUNWALD, MD, FACC 


Boston, Massachusetts 


It is widely recognized that calcium ions (Ca**) play 
vital roles in many cell processes in a variety of tissues. 
Ionic calcium is particularly critical to the function of 
cardiac tissue and vascular smooth muscle. The tran- 
sition from the resting to the active state in the myo- 
cardium is initiated by cell depolarization, which may 
be recorded as the transmembrane action potential, 
composed of an initial sharp spike followed by a pro- 
longed plateau. The former is caused by the movement 
of sodium ions into the cell, whereas the latter results 
largely—although, not entirely—from the inward 
movement of Ca**. Almost 100 years ago Ringer es- 
tablished the importance.of Ca** to cardiac contraction, 
and it is now appreciated that activation of contraction 
results from an elevation of the intracellular concen- 
tration of Ca** above 107? M. This, in turn, removes the 
inhibitory influence of the troponin-tropomyosin 
complex on the interaction between actin and myosin; 
actin filaments are displaced relative to myosin fila- 
ments and contraction ensues. Thus, the Ca** that 
enters the cell during the plateau of the action potential 
plays an essential role coupling myocardial excitation 
to contraction, although there is evidence that the 
transmembrane flux of Ca** may merely trigger the 
release of larger quantities of the ion from intracellular 
stores and that it is the latter that actually activates the 
contractile mechanism. 

The electrophysiologic properties of specialized 
cardiac tissue (that is, the automaticity of the sinoatrial 
and atrioventricular nodes, the velocity of conduction, 
rhythmicity and excitability of Purkinje fibers) are all 
profoundly influenced by the intracellular Ca** con- 
centration. Similarly, the extent of contraction of 
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smooth muscle in the systemic and coronary vascular 
beds is dependent on the entry of Ca** into vascular 
smooth muscle cells. | 

Sodium (Na*) and Ca** may be consideréd to enter 
the cell through “channels” in the cell membrane, the 
former through the so-called fast channels and the latter 
through the slow channels. The magnitude of influx of 
Ca** into cardiac cells is determined by the number of 
slow channels that are open and the extent of their 
opening. The slow channels are “guarded” by two types 
of gates, one of which is voltage-dependent and is 
opened by depolarization of the cell to a threshold 
voltage whereas the extent of opening of the other gate 
appears to be controlled by activation of a protein ki- 
nase by cyclic adenosine monophosphate (AMP). The 
channels through which the ions enter can be blocked 
by a variety of drugs that act on these gates. Thus, the 
fast channels, which the Nat traverses, can be blocked 
by tetrodotoxin, lidocaine and procainamide. In 1971 
Fleckenstein demonstrated that certain pharmacologic 
agents may interfere with the inward movement of Catt 
during the plateau of the action potential. These drugs 
are properly called inhibitors or blockers of the slow 
calcium channels. Their site of action is limited to the 
cell membrane, but unlike the beta adrenergic receptor 
blocking agents they do not appear to be specific 
blockers: Again, in contrast to the beta receptor blocking 
agents, the Ca** channel blockers vary markedly in 
their chemical structure. Although the molecular basis 
for the action of these compounds is unknown, because 
they are lipophylic it appears likely that they produce 
conformational changes in the cell membranes. 

In view of the central role played by Ca** in the 
electrophysiologic and mechanical prospectives of the 
heart and the resistance of systemic and coronary ar- 
teries, it is not surprising that Ca** channel blockers 
can produce profound alterations in cardiovascular 
function. These actions can be taken advantage of in the 
treatment of a wide variety of cardiovascular disorders 
that include: (1) a number of cardiac arrhythmias, 
especially reentrant paroxysmal supraventricular 
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tachycardia, but also atrial flutter and fibrillation; (2) 
angina pectoris, not only chronic stable angina, but also 
unstable angina and especially Prinzmetal’s variant 
angina in which coronary vasospasm plays a critical 
etiologic role; (3) arterial hypertension; and (4) hyper- 
trophic obstructive cardiomyopathy. The use of these 
agents in limiting ischemic damage in patients with 
acute myocardial infarction and in those who undergo 
cardiopulmonary bypass has been suggested but has not 
yet been firmly established. Also, they may be useful as 
afterload-reducing agents in the treatment of heart 
failure. 

Clinical experience with calcium channel blockers in 
the United States is limited because they have not yet 
been approved in this country. However, they have been 


used extensively and successfully in Europe for a 
number of years. Although the precise role of these 
drugs has not yet been defined, it is safe to state, I be- 
lieve, that the development of calcium channel blockers 
represents a substantial advance in cardiovascular 
therapeutics. 

This short Seminar on calcium channel blockers is 
presented in an effort to broaden understanding of this 
important class of agents. Although the Seminar was not 
designed to provide a comprehensive and exhaustive 
description of these drugs it does provide insight into 
the basic and clinical pharmacology of these com- 
pounds, their electrophysiologic properties and their use 
in various forms of angina pectoris, particularly those 
varieties secondary to coronary vasospasm. 


1046 December 1980 The American Journal of CARDIOLOGY Volume 46 


Comparative Pharmacology of Calcium Antagonists: Nifedipine, 


Verapamil and Diltiazem 


PHILIP D. HENRY, MD, FACC 


St. Louis, Missouri 


From the Cardiovascular Division, Department of 
Medicine, Washington University, St. Louis, Mis- 
souri. This study was supported in part by Grant 
HL 21187 from the National Institutes of Health and 
HL 17646 from the Specialized Center of Re- 
search, Bethesda, Maryland, and from an Estab- 
lished Investigatorship, American Heart Associ- 
ation, Dallas, Texas. Manuscript received April 28, 
1980, accepted July 3, 1980. 

Address for reprints: Philip D. Henry, MD, Car- 
diovascular Division, Box 8086, Washington 
University School of Medicine, 660 South Euclid 
Avenue, St. Louis, Missouri 63110. 


Calcium antagonists (slow channel blocking agents) are a very hetero- 
geneous group of agents with dissimilar structural, electrophysiologic and 
pharmacologic properties. Nifedipine is a potent, long-acting vasodilator 
that has proved highly efficacious in relieving anginal symptoms caused 
by coronary vasospasm. In vivo, it exerts no myocardial depressant effects 
and has no antiarrhythmic properties. Treatment with nifedipine can safely 
be combined with administration of a beta receptor blocking agent. 
Verapamil prolongs atrioventricular (A-V) conduction (A-H interval) in 
a dose-dependent manner. It is the drug of choice for the treatment of 
reentrant supraventricular arrhythmias, irrespective of whether reentry 
occurs within the A-V node or through an accessory pathway (the 
Wolff-Parkinson-White syndrome). Verapamil is only moderately effective 
as an antianginal agent. Diltiazem is efficacious for the treatment of an- 
giospastic angina, but its value as an antiarrhythmic agent remains to be 
delineated. 


In 1960 Lindner! observed that prenylamine, a newly developed coronary 
dilator, depressed cardiac performance in canine heart-lung prepara- 
tions. Shortly thereafter, Haas and Hartfelder? noted that verapamil, 
another phenylalkylamine with coronary dilating properties, exerted 
negative inotropic effects on isolated cat and rabbit myocardium. The 
potent cardiodepressant effects of these new agents appeared to dis- 
tinguish them from classic vasodilators. Drugs such as nitroglycerin and 
papaverine are potent smooth muscle relaxing agents, but depress car- 
diac muscle only at high concentrations, if at all. Because the inotropic 
and chronotropic effects of prenylamine and verapamil were opposite 
to those elicited by catecholamines, the new drugs were first thought to 
be adrenergic blocking agents.^* However, Fleckenstein et al. were 
among the first to recognize that the effects of prenylamine and vera- 
pamil differed from those of beta receptor blockers. They observed that 
the drugs depressed cardiac contractility without altering the height and 
contour of the monophasic action potential and concluded that the 
agents acted as uncouplers of excitation-contraction coupling. The action 
of the drugs was attributed to an inhibition of the influx of calcium ions 
(Ca**) into myocardial cells. Consequently, the agents were named 
“Catt-antagonists”.° Later, Fleckenstein specified that Ca** antag- 
onists acted by reversibly sealing specific Ca** channels in the mem- 
brane of the mammalian myocardial cell. 

In other studies, Grün and Fleckenstein^? applied the principle of 
electromechanical uncoupling to smooth muscle. In these reports, ni- 
troglycerin was described as a Ca* *-antagonistic agent with selectivity 
for vascular smooth muscle.? Thus, the term Ca** antagonist was now 
applied to drugs with little or no direct action on myocardium. Elec- 
trophysiologic data supporting the concept of electromechanical un- 
coupling in vascular smooth muscle were not presented. 

After the pioneering studies of Fleckenstein and associates numerous 
drugs were included among the Ca* * antagonists. Some agents such as 
D 600 (methoxy-verapamil)*® and fendiline (demethyl-prenylamine)? 
were derivatives of the compounds originally studied by Lindner! and 


December 1980 The American Journal of CARDIOLOGY Volume 46 1047 


CALCIUM ANTAGONISTS—HENRY 


Haas and Hártfelder.? However, the majority of the 
agents tentatively listed as Ca** antagonists were 
structurally unrelated and appeared to differ in their 
pharmacologic properties.!°!! Catt antagonistic 
properties were attributed to drugs such as papaver- 
ine,!? diazoxide,!? perhexiline,!? lidoflazine,'* cinnar- 
izine,^ proadifen (SKF 525 A),!6 diethylaminoethyl- 
hexestrol,!4 bencyclane,!^!? RO 11-1781,!3 nifedipine,!? 
diltiazem?? and molsidomine.?! Yet, comparative 
studies!9.1.14 defining the electrophysiologic effects of 
these compounds were not performed, and consequently 
it remained undecided whether their mode of action 
depended predominantly on the mechanism invoked 
by Fleckenstein. In addition, some investigators?? began 
to apply the term Ca** antagonist to agents thought not 
to block Ca** influx, but to act intracellularly. These 
authors? further broadened the concept of Ca** an- 
tagonism and included virtually every smooth muscle 
relaxing agent among the Ca** antagonists. Thus, local 
anesthetics, drugs that block the inward movement of 
sodium (Na*) rather than that of Ca**, and beta ad- 
renergic agonists, drugs that tend to augment Catt 
influx into muscle cells, were paradoxically classified 
among the Ca** antagonists. As the precise mechanism 
of action of most agents categorized as Ca* * antagonists 
was not elucidated, the concept of Ca** antagonism 
remained somewhat vague, and a universally accepted 
definition failed to emerge.!^ 


Mechanism of Action of Ca** Antagonists 


Cardiac Muscle 


To evaluate the question whether there are drugs that 
act by selectively blocking specific calcium channels in 
cardiac membranes, some electrophysiologic concepts 
will briefly be reviewed (for more detail see Ref. 24 to 
26). According to current views,?*?° cardiac membranes 
possess ionic channels or aqueous pores that permit ions 
to move across the sarcolemma. These ionic movements 
give rise to passive inward (depolarizing) and outward 
(repolarizing) currents that appear to be responsible for 
the electrical activity of the heart. The currents are 
controlled by conformational changes in the channels 
that determine an all-or-nothing opening of the pores. 
These conformational changes are usually described as 
gating. As the gating structures (macromolecules) bear 
electric charges, conformational changes generate small, 
nonionic currents referred to as gating currents. Gating 
mechanisms are sensitive to the electrical field in the 
membrane and to chemical agents such as neuro- 
transmitters or drugs. Experiments with voltage clamps 
have demonstrated that there are two distinct inward 
currents that contribute to the depolarization of cardiac 
membranes. A brief opening of fast sodium (Na*) 
channels is responsible for the initial spike of the action 
potential, and a subsequent opening of slow channels 
contributes to the plateau of the action potential. The 
current flowing through the slow channel is carried by 
Ca**, but depending on the species and cell type Na* 
may also contribute to this flow. In some normal cells 
(sinus and A-V nodal cells) and in partly depolarized 


contractile cells, a rapid spike is absent and depolar- 
ization appears to occur predominantly through the 
slow channel (*slow response"). 

One classic model?* for the description of the be- 
havior of the depolarizing inward currents has been to 
assume that the fast and slow channels are each con- 
trolled by two gating mechanisms located in series along 
the channels (Hodgkin-Huxley model). According to 
this scheme, the outer and inner gates control the acti- 
vation and inactivation of the currents, respectively. At 
rest, the outer activation gate is closed, whereas the 
inner inactivation gate is open. With depolarization, the 
outer gate opens (“activation”), leaving both gates 
momentarily open and permitting ions to flow through 
the channel. However, with some delay, the inner gate 
closes, interrupting the flow of current (“inactivation”). 
Thereafter, there is a period of recovery during which 
the outer gate closes and the inner gate subsequently 
reopens (“recovery from inactivation,” “reactivation,” 
"restoration"). During this period of recovery, a repeat 
depolarization elicits only diminutive responses, a 
phenomenon that may be explained by assuming that 
not all of the inner gates have reopened yet. 

At least four different repolarizing outward currents 
have been distinguished in Purkinje fibers.?*^?^ These 
late or delayed currents are carried predominantly by 
potassium ions. Potassium (K*) channels are controlled 
with activation gates, but in contrast to the fast and slow 
channels do not appear to possess independent inacti- 
vation mechanisms.?^ The effects of Ca** antagonists 
on K* channels have not been analyzed in detail, and 
outward currents will not be discussed here. However, 
one mechanism influencing outward currents deserves 
to be mentioned. There is evidence that the intracellular 
Ca** concentration ([Ca];) regulates K+ conductance.?? 
Increasing [Ca]; causes an increase in the late outward 
current of sheep Purkinje fibers.?? Therefore, an in- 
hibited cellular Ca++ uptake leading to a decreased [Cal]; 
may be anticipated to reduce the late outward cur- 
rent. 

One major argument supporting the membrane pore 
theory is the discovery that drugs may selectively in- 
hibit specific currents.?5 Thus, tetrodotoxin and local 
anesthetic agents such as lidocaine exert inhibitory ef- 
fects on the fast current without appreciably affecting 
the slow current.?^?6 However, the mechanism of action 
of tetrodotoxin and of local anesthetics appear to differ 
substantially. There is considerable evidence that te- 
trodotoxin and related cationic compounds insert 
themselves into the outer opening of the fast channels, 
thereby physically blocking ion flow through the 
channel. Tetrodotoxin does not appear to affect the 
deeper portions of the channel, and the gating ma- 
chinery (gating currents) remains unaltered.?9 However, 
a local anesthetic such as lidocaine blocks the sodium 
channels from the inner surface of the membrane.?? The 
drug appears to immobilize gating charge movements 
and to slow the kinetic parameters of the current.?9 
These effects are manifested by a decrease in the max- 
imal rate of depolarization (activation) and in a delayed 
recovery of the sodium conductance (reactivation). 
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However, lidocaine may have more than one site of ac- 
tion in canine Purkinje fibers, and its effects may not 
be limited to the fast Nat channel. In particular, the 
drug is known to increase the potassium conductance 
of Purkinje fibers.?? Another interesting feature is that 
the action of local anesthetic agents appears to depend 
on the rate of stimulation (that is, the blockade of the 
Na* channel may be small under quiescent conditions, 
but may be markedly enhanced after a rapid train of 
depolarizations).?9 Because local anesthetic agents do 
not act exclusively on the fast Na* channels, and be- 
cause tetrodotoxin and local anesthetic agents do not 
act by a single electrophysiologic mechanism, little 
would be gained by placing these drugs in a single cat- 
egory of *Na* antagonists." 

The first agents shown to inhibit the slow inward 
current without influencing the fast depolarization 
were metallic ions such as manganese (Mn**),?? nickel 
(Ni**)?* and cobalt (Cot*).24 The mechanism of action 
of these divalent cations is complex and will not be re- 
viewed here (for more detail see Ref. 24). However, one 
important mechanism should be mentioned. In cardiac 
muscle, a coupled exchange mechanism involving the 
exchange of two Na ions for one Ca ion has been de- 
scribed.?! Thus, in contrast to the electrogenic slow 
inward current described, this exchange is electroneu- 
tral and cannot be detected with electrophysiologic 
techniques. It has been suggested that Na*/Ca** ex- 
change may play an important role in providing acti- 
vator Ca** for the contractile apparatus of the myo- 
cardial cell.?? 'T'hus, cardiodepressant effects of metallic 
cations may reflect not only a blockade of the slow in- 
ward current but also a displacement of superficially 
located Catt participating in the Na/Ca** ex- 
change.?? 

In the light of the electrophysiologic concepts out- 
lined, results of electrophysiologic experiments with 
nifedipine, verapamil and D 600 (methoxy-verapamil) 
will briefly be discussed. 

Nifedipine: Kaufmann! Bayer et al.???94 and Ehara and 
Kaufman?? have investigated the effects of nifedipine on the 
membrane currents of cat papillary muscle under voltage- 
clamp conditions. Nifedipine (107? to 107^ M) did not influ- 
ence the fast Na* inward current, but depressed the slow in- 
ward current in a dose-dependent manner. The drug had no 
apparent effect on the kinetic parameters of the slow current 
(rate of activation and inactivation), and did not delay the 
recovery from the inactivation (refractoriness after slow re- 
sponse). Nifedipine consistently increased the delayed po- 
tassium outward current. Effects of nifedipine were not in- 
fluenced by rate changes between 6 and 60/min. In similar 
experiments with cat papillary muscles, Kohlhardt and 
Fleckenstein’? found nifedipine not to affect the rate of in- 
activation of the slow current or to prolong the period of re- 
covery. These findings indicate that nifedipine has no local 
anesthetic (Na* channel blocking) properties and inhibits the 
slow inward Ca** current without altering the kinetic control 
mechanisms (gating mechanisms) of the slow channels. The 
action of nifedipine on the slow channels resembles that of 
tetrodotoxin on the fast channels. One may assume that ni- 
fedipine prevents the activation of some of the slow channels, 
leaving the rest of the slow channels and their time-dependent 
gating mechanisms unaffected. However, additional experi- 


—— —— m 


ments are needed to determine whether nifedipine obstructs 
the outer pore of the slow channels. 

Verapamil and D 600: Experiments with isolated cardiac 
muscle have shown that the optical isomers of verapamil and 
D 600 exert disparate electrophysiologic effects.!*97-40 The 
(R) (+)-enantiomers (9 X 1079 M) of the two drugs depress 
appreciably the maximal rate of rise of the monophasic action 
potential at a frequency of 15/min, and this effect is markedly 
enhanced at a frequency of 90/min. However, in equal con- 
centration, the (+)-isomers appear to have modest effects on 
the plateau phase and overall shape of the action potential.?? 
In contrast, the S(—)-enantiomers (9 X 1075 M) depress the 
plateau phase of the action potential in a frequency-depen- 
dent manner.?? These findings suggest that the (R+)-enan- 
tiomers have a substantial fast channel blocking (local anes- 
thetic) activity, whereas the (S)(—)-enantiomers predomi- 
nantly affect the plateau of the action potential, a change 
compatible with a blockade of the slow current. This inter- 
pretation is supported by the observation that the (+)-isomers 
mainly depress excitability, whereas the (—)-isomers are re- 
sponsible for the negative inotropic effects of the racemic 
mixtures. 

Voltage-clamp experiments with cat papillary muscles 
confirmed that (—)-verapamil in concentrations ranging be- 
tween 8 X 1077? and 2.2 X 107? M suppresses the slow inward 
current in a frequency-dependent manner.?? Similarly, (+)-D 
600 (1077 to 1076 M) has been reported to inhibit the slow 
inward current in feline ventricular myocardium*'4? and 
bovine Purkinje fibers.*? Effects of verapamil and D 600 are 
markedly enhanced by prolonged incubation.?54145 Thus, the 
inhibitory effects of these compounds strongly depend on the 
rate of stimulation and on the length of exposure to the drugs. 
In contrast to nifedipine, verapamil and D 600 alter the ki- 
netics of the slow current. The agents slow down activation 
and more prominently the recovery from inactivation.!49542.44 
The prolongation of the recovery of the slow channel revealed 
by voltage clamp experiments appears to be an important 
electrophysiologic effect of verapamil, as it provides a po- 
tential explanation for the efficacy of the drug in terminating 
reentrant tachyarrhythmias. (—)Verapamil®® and (+)D 
6004143 have also been noted to decrease the delayed potas- 
sium outward current(s). As indicated, a decreased [Ca]; re- 
sulting from an inhibited Ca** influx might secondarily re- 
duce the delayed potassium outward current.?? In some in- 
stances, (—)verapamil?? and (+)D 60041-43 have been found 
to reduce the outward currents, but this effect has been vari- 
able.?8:43 In some instances, the outward current may increase 
instead. Furthermore, it does not appear that decreases in the 
outward current result simply from the inhibition of the slow 
inward current.*? 

Thus, the effects of (+)-verapamil and (+)-D 600 appear 
to be quite complex. First, the action of the drugs are a sum 
effect of optical isomers possessing different electrophar- 
macologic properties. Second, the effects of the drugs are 
markedly frequency-dependent and become fully manifest 
only after prolonged incubation. Third, in addition to inhib- 
iting the slow inward current and altering its kinetic proper- 
ties, the drugs affect the delayed outward current(s) and (at 
high concentrations) the fast inward current. It is evident that 
verapamil is not a selective blocker of the slow inward current. 
In some respects, the action of verapamil on the slow channel 
resembles that of lidocaine on the fast channel. Both drugs 
appear to affect the time-dependent gating mechanisms and 
markedly retard channel recovery (reactivation). In addition, 
the drugs exhibit the phenomenon of frequency dependence. 
It would be interesting to determine whether verapamil, like 
lidocaine, acts from the inside of the sarcolemma. 
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The demonstration that nifedipine, verapamil and D 600 
block the slow inward current supports, in part, Flecken- 
stein’s original hypothesis. However, current information 
indicates that these drugs differ substantially in their mech- 
anism of action. Nifedipine appears to be a more selective slow 
channel blocker than are verapamil and D 600. Voltage clamp 
experiments provide no information on the carrier-mediated, 
electroneutral Ca**/Na* exchange which may play an im- 
portant role in activating cardiac muscle.?? Little is known 
about the nature of the coupled exchange mechanism, and 
there is no information concerning the effects of Ca** an- 
tagonists on this system. Thus, it would be premature to make 
definitive conclusions regarding the dominant mechanism of 
action of drugs with Ca* * antagonistic effects. 

Diltiazem: Diltiazem (2.2 X 1079 M) lowers the plateau and 
shortens the duration of the monophasic action potential of 
canine Purkinje fibers.*° In canine ventricular myocardium, 
diltiazem (2.2 X 1075 M) lowers the plateau and at the same 
time depresses contractility.4° High concentrations (2.2 X 107° 
M) reduce the maximal rate of rise of the monophasic action 
potential of canine Purkinje fibers,*? guinea pig atria*® and 
guinea pig ventricular myocardium.*’ These findings suggest 
that diltiazem may block the slow current at low concentra- 
tions and exert fast channel inhibitory effects at high con- 
centrations. Voltage clamp experiments with diltiazem have 
not been reported. 


Vascular Smooth Muscle 


There is little detailed information regarding the mecha- 
nism of action of Ca** antagonists on vascular smooth muscle. 
Harder et al.48 studied the effects of (4)verapamil on Catt 
dependent action potentials in isolated large (more than 1 
mm) and small (less than 0.5 mm) canine coronary arteries. 
In these vessels, spontaneous action potentials or action po- 
tentials in response to electrical stimulation, are not observed. 
However, electrical stimuli evoke *Ca**-spikes" in the 
presence of 10 mM tetraethyl ammonium ions (TEA), an in- 
tervention that acts by suppressing the K* outward current 
and reducing the rectifying properties of the membrane. 
TEA-facilitated, Ca**-dependent action potentials were 
blocked by 1079 M (+)verapamil in both large and small 
vessels. Adenosine (107? M) blocked the spikes only in small 
vessels, whereas nitroglycerin (107? M) was selective for large 
vessels.48 In fibrillating arterially perfused canine hearts, 
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verapamil and nifedipine were reported to relax only small 
resistive arteries and arterioles, whereas nitroglycerin pref- 
erentially relaxed large (conductance) coronary arteries.^? 

Thorens and Haeusler!? exposed isolated rabbit pulmonary 
arteries to selected vasodilators in the presence of 50 mM of 
potassium chloride (KCl) and 2.2 mM of calcium chloride 
(*^CaCls). After a subsequent 1 hour wash with 1 mM of lan- 
thanum trichloride (LaCls), tissue-bound radioactivity was 
measured as an index of “Ca influx." (+)Verapamil, RO 11- 
1781 and papaverine produced dose-dependent inhibitions 
of *?Ca influx. Nitroglycerin, diazoxide and nitroprusside 
exerted little or no inhibitory effects. Results were interpreted 
to indicate that only verapamil, RO 11-1781 and papaverine 
may cause vasorelaxation by interfering with Ca** influx.!? 

Massingham?? and Nguyen Duong and Brecht?! demon- 
strated in isolated vessels that (+)verapamil, (+)D 600 and 
nifedipine relaxed KCl-induced contractures more effectively 
than contractions evoked by norepinephrine. The efficacy of 
Ca** antagonists in relieving KCl contractures are thought 
to reflect the fact that K* evokes contractions indirectly by 
promoting vascular Ca** uptake.!*:°9.5! In agreement with this 
concept is the observation that bovine coronary arteries 
contracted by fluoride ions, a contracture thought to be in- 
dependent of extracellular Ca**, are not effectively relaxed 
with verapamil and prenylamine.?? Interestingly, these con- 
tractures appear to be readily relaxed with nitroglycerin and 
nitroprusside.?? Mikkelsen et al.?? reported that in isolated 
human mesenteric arteries and veins, verapamil is equally 
potent in relieving contractions induced by KCl and norepi- 
nephrine, a finding that appears to be in conflict with the 
studies mentioned.?9! 

Studies with isolated arteries and veins generally confirm 
the view that the relaxing effects of verapamil and nifedipine 
differ from those of classic vasodilators such as nitroglycerin 
and nitroprusside. They strongly suggest that Ca* * antago- 
nists act partly by blocking the inward movement of Ca** into 
smooth muscle cells. However, experiments demonstrating 
the inhibition of *Ca-spikes" and *Ca uptake were performed 
in the presence of abnormal ionic conditions. 


Structure of Ca** Antagonists 


The subsequent discussion will focus on nifedipine, (+)- 
verapamil and diltiazem, the agents currently receiving the 
most clinical attention. 
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and other vasoactive drugs. 


Nifedipine: Nifedipine (BAY a 1040; MW 343) is a dihy- 
dropyridine derivative that bears no structural similarity with 
other already known vasoactive or cardioactive drugs (Fig. 
1).!9 Nifedipine is not a nitrate, and its ortho NO» group is not 
essential for its pharmacologic activity.°4 Multiple dihydro- 
pyridine derivatives have been synthetized and some (nilu- 
dipine and nimodipine) are receiving investigative atten- 
tion. 

Verapamil: (+)-Verapamil (D 365, Iproveratril, Isoptin and 
MW 455) has some structural features in common with 
papaverine (Fig. 1). Compared with verapamil, D 600 has one 
more methoxy group attached to the benzene ring close to the 
asymmetrical C-atom.?:45» 

Diltiazem: Diltiazem (CRD 401; MW 450) is a benzothi- 
azepine derivative that is structurally unrelated to diazoxide 
(a benzothiadiazine derivative) (Fig. 1).2° 


Pharmacokinetics of Catt Antagonists 


Nifedipine: The pharmacokinetics of nifedipine in human 
beings were studied with !4C-nifedipine in conjunction with 
chromatographic and mass spectrometric analyses?97 (Table 
I). More than 90 percent of nifedipine is absorbed after oral 
administration. Only approximately 20 to 30 percent of ni- 
fedipine is removed from portal blood by the liver, yielding 
a systemic availability (bioavailability) of more than 65 per- 
cent. Bioavailability is a measure of the fraction of the dose 
reaching the systemic circulation, and is defined as the ratio 
of the area under the plasma concentration-time curve after 
oral administration to that obtained after intravenous ad- 
ministration of the same amount of drug. In the case of ni- 
fedipine, 15 ug/kg, intravenously, produces approximately the 
same concentration-time curve as 150 ug/kg orally or sub- 
lingually.°© The main metabolic pathway consists of an oxi- 
dation to a “free acid,” a small fraction of which is converted 
to a lactone.?? These metabolites are pharmacologically in- 
active. Intact nifedipine is 90 percent bound to plasma pro- 
teins, whereas the “free acid” is only 54 percent bound. 

The biexponential analysis of the disappearance of ni- 
fedipine in plasma yields an initial fast half-life (T1/2 o) of 
2.5 to 3 hours and a terminal slow half-life (T/2 8) of 5 hours. 
Seventy to 80 percent of the radioactivity administered is 


TABLE ! 
Pharmacokinetics of Calcium Antagonists 
Nifedipine 
Dosage 
Oral (mg/8 h) 10-20 
Intravenous (ug/kg) 5-15 
Absorption 
Oral (96) >90 
Bioavailability (96) 65-70 
Onset of action 
Sublingual (min) 3 
Oral (min) <20 
Therapeutic plasma concentration 25-100 
(ng/ml) (7 X 1078-2 X 1077 M) 
Protein binding (%) 90 


Plasma half-time 


Initial fast (o) (min) 150-180 
Slow (D) (h) 5 
Metabolism Extensively metabolized 
to an inert free acid 
and lactone 
Excretion 
Renal (96) 70 1st day 
(80 total) 
Fecal (96) <15 
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excreted in the urine, and approximately 90 percent of the 
urinary excretion occurs during the first 24 hours. Only trace 
amounts of intact nifedipine appear in the urine. Some of the 
radioactivity excreted in the bile is reabsorbed (enterohepatic 
circulation). Only about 15 percent of the radioactivity is re- 
covered in the feces. There is no evidence that metabolites 
accumulate in the body during long-term administration (for 
more detail see Ref. 57). 

Verapamil: The pharmacokinetics of (+)-verapamil in 
human beings were studied with radioactive (!4C-verapamil), 
chromatographic and mass spectrometric techniques?9-60 
(Table I). Absorption after oral administration varies from 
88 to 92 percent. The low bioavailability of verapamil (10 to 
22 percent) is due to extensive first pass metabolism in the 
liver. After oral administration of !*C-verapamil, plasma levels 
of radioactivity and verapamil (assayed by gas chromatogra- 
phy/mass spectrometry) peak within 30 to 45 minutes. 
Thereafter, the levels decline biexponentially with fast and 
slow half-lives of 18 to 35 and 170 to 440 minutes, respec- 
tively.58 Intact verapamil is 88 to 92 percent protein-bound. 
'The drug is extensively metabolized, and 1 to 2 hours after oral 
administration of !*C-verapamil only about 15 percent of the 
plasma radioactivity represents intact verapamil.?5 A fluo- 
rometric assay of verapamil yields spuriously high drug levels, 
probably because it measures metabolites as well.99,6! 

The metabolism of verapamil is complex. Cleavage of the 
C—N—C bond by N-alkylation, preferentially at the C-atom 
belonging to the shorter side chain, appears to be a major 
metabolic step. The pharmacologic activity of the cleavage 
products is only 5 to 10 percent that of verapamil. As cleavage 
products are formed in large amounts and as their half-lives 
are long (~24 hours), their plasma concentration during 
long-term treatment exceeds that of intact verapamil.555? 
Therefore, it is possible that metabolites contribute to the 
action of verapamil. Between 67 and 71 percent of the radio- 
activity after oral '4C-verapamil is excreted in the urine within 
5 days. Only 3 to 4 percent of the dose appears as unchanged 
drug in the urine.’ 

Diltiazem: There is surprisingly little information on the 
pharmacokinetics of diltiazem. Data shown in Table I are 
based on studies in dogs.9? Diltiazem is extensively metabo- 


(+) Verapamil Diltiazem 
80-160 60-90 
150 75-150 
>90 >90 
10-22 <20 
<30 <30 
15-100 30-130 


(3.2 X 1078-2 X 1077 M (7 X 1078-3 X 1077 M) 
90 80 


15-30 20 
3-7 4 
Extensive 1st pass Extensively 
hepatic extraction deacetylated 
(70% of oral dose) 
50 1st day 35 (total) 
(70 total) 
15 65 
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lized by deacetylation, N-demethylation and O-demethyl- 
ation. 


Cardiovascular Effects of Catt Antagonists 


Nifedipine,’ (+)-verapamil® and diltiazem*® exert 
potent negative inotropic effects on isolated myocar- 
dium. In contrast, therapeutic doses of these agents do 
not appear to appreciably depress the heart in the intact 
organism.9?-96 This seeming paradox has often been 
attributed to reflex sympathetic discharge masking the 
direct negative inotropic action of the drug.®*©® How- 
ever, negative inotropic threshold concentrations for 
nifedipine,?^6768 (-E)verapamil???? and diltiazem*®47 
in vitro are approximately 2 X 1077 M,5 X 1077 M and 
1079 M, respectively. These concentrations exceed by 
a factor of 10 or more peak therapeutic plasma levels of 
free drug (drug not bound to protein) shown in Table 
I. In addition, nifedipine, verapamil and diltiazem are 
all quickly and extensively metabolized, and the full 
effect of the drugs may develop slowly.?94.4? Thus, 
based on these quantitative considerations, there is no 
strong reason why Ca** antagonists in usual thera- 
peutic doses should exert potent negative inotropic ef- 
fects. 'This is not to indicate that vasodilator-induced 
arterial hypotension may not trigger a sympathetic 
discharge. Although Ca** antagonists may inhibit Ca++ 
dependent secretory processes,?.?? exocytosis of nor- 
epinephrine from sympathetic nerve endings is not in- 
hibited by clinically relevant concentrations of vera- 
pamil® and nifedipine.?? As nifedipine, verapamil and 
diltiazem exert disparate effects in vivo, their action will 
be discussed separately. 

Nifedipine | 

Vasodilator effects: Nifedipine is a potent vasodi- 
lator that promptly relaxes isolated arteries contracted 
by KCl, norepinephrine, serotonin and cardioactive 
glycosides.’-°! It is in general about as potent as ni- 
troglycerin, but in contrast to nitrates the induced re- 
laxations are sustained. Concentrations as low as 107? 
M relax pig coronary arterial strips.? Isolated human 
mesenteric arteries and veins contracted by KCl and 
norepinephrine are relaxed by slightly higher concen- 
trations.?? 

In a study on conscious dogs, nifedipine, 0.43 mg/kg 
sublingually, decreased total peripheral resistance by 
43 percent and mean coronary resistance by 38 percent, 
but did not produce an appreciable reduction in aortic 
mean pressure (—6 percent).?! Heart rate and cardiac 
output increased by 62 percent, and the maximal first 
derivative of left ventricular pressure (dP/dt) was 
augmented by 16 percent.?! In dogs anesthetized with 
pentobarbital, hypotensive doses of nifedipine (150 to 
1000 ug/kg sublingually) increased coronary flow, 
whereas, equipotent hypotensive doses of nitroglycerin 
decreased coronary flow."? Nifedipine-induced increases 
in coronary flow were associated with increases in in- 
ferior caval flow (“venous return") and pulmonary ar- 
terial flow (cardiac output). In contrast, nitroglycerin 
tended to reduce venous return and cardiac output.! 
In the isolated blood-perfused canine heart, nifedipine 


as a coronary dilator was equipotent compared with 
nitroglycerin, but more potent than dipyramidol, car- 
bochromen, verapamil, prenylamine, papaverine and 
khellin.’! Infused into the renal artery, nifedipine 
abolished renal autoregulation.*! 

Hemodynamic effects of nifedipine in human beings 
resemble those observed in dogs (for more detail see 
Ref. 64). In five healthy volunteers, nifedipine, 15 ug/kg 
intravenously, evoked increases in heart rate (+27 
percent), modest decreases in systolic and diastolic ar- 
terial pressure, decreases in peripheral resistance (—20 
percent) and increases in cardiac index (4-40 percent).?? 
In seven patients undergoing cardiac catheterization for 
coronary artery disease, nifedipine, 20 mg sublingually, 
produced increases in heart rate (+21 percent), cardiac 
output (+25 percent), and maximal dP/dt (+13 per- 
cent). Total peripheral resistance declined (—17 per- 
cent). Other measured variables including mean aortic 
pressure, left ventricular end-diastolic volume index, 
ejection fraction and mean circumferential shortening 
velocity did not change significantly.9?^* Myocardial 
perfusion assessed in 10 patients by a xenon perfusion 
scanning technique revealed increased perfusion of 
normally perfused and underperfused segments after 
intracoronary injection of 100 ug of nifedipine.'* After 
20 mg of nifedipine sublingually, improved perfusion 
of normal zones and of zones supplied by stenotic cor- 
onary arteries was further documented by thallium 
scintigraphy.’* These clinical observations indicate that 
nifedipine augments coronary flow in human beings. 

Electrophysiologic effects: High concentrations 
of nifedipine (10795 M), in sharp contrast to (+)-vera- 
pamil, fail to reduce the excitability of isolated guinea 
pig atria.7? In conscious dogs, verapamil prolongs the 
P-R interval,/?996! whereas nifedipine in equally hy- 
potensive doses produces moderate, dose-dependent 
P-R shortening.?? Injection of large doses (up to 30 ug) 
of nifedipine into the posterior septal artery of dogs (the 
artery supplying the upper A-V nodal area) evokes 
dose-dependent increases in A-V conduction time.”® 
However, increases in blood flow through the posterior 
septal artery requires only 1/10 the dose necessary to 
affect A-V conduction. In contrast, with verapamil in- 
crease in flow and prolongations in A-V conduction 
occur within the same dose range. © 

In a study of 11 patients nifedipine, 7.5 ug/kg intra- 
venously, did not affect the A-H and H-V intervals of 
the His bundle electrogram.’’ With a hypotensive 
dosage of 0.15 mg/kg intravenously (+)-verapamil 
produced in the same subjects dose-dependent pro- 
longations of the A-H interval.’ The lack of a tendency 
of nifedipine to precipitate A-V block is an essential 
feature of this drug, as it permits its safe combination 
with beta receptor blockers and digoxin,’® and it may 
be administered to patients with potential conduction 
disturbances (bradytachycardia syndrome).!! The 
electrophysiologic properties of nifedipine explain in 
part the lack of antiarrhythmic activity of the drug.?? 

Negative inotropic effects: Nifedipine in usual 
clinical dosage has little tendency to depress the heart. 
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On the contrary, the drug tends to increase left ven- 
tricular dP/dt and cardiac output, as indicated ear- 
lier. 


Verapamil 


Vasodilator effects: (+)-Verapamil is a potent va- 
sodilator, although its smooth muscle-relaxing effects 
are weaker than those exerted by nitroglycerin and ni- 
fedipine.^9?5? In open chest dogs administration of 
verapamil yielding plasma levels of less than 150 ng/ml 
(fluorometric assay) produced little hemodynamic 
change. However, in large doses (bolus injections of 14 
to 22 mg, plasm levels as high as 2,000 ng/ml) verapamil 
induced marked decreases in arterial pressure, heart 
rate, left ventricular dP/dt, peripheral resistance and 
cardiac output.9! However such large doses are not used 
clinically. 

In seven healthy subjects, (+)-verapamil, 7.5 to 12.5 
mg intravenously increased heart rate (+14 percent) 
and cardiac index (+24 percent), and decreased pe- 
ripheral resistance (—33 percent), mean aortic pressure 
(—15 percent) and mean pulmonary pressure (—11 
percent).9? Changes in heart rate, cardiac index and 
peripheral resistance were statistically significant. One 
patient had 2? A-V block (Mobitz), and three others 
exhibited prolongation of the P-R interval.95 

Electrophysiologic effects: In the aforementioned 
study in open chest dogs,®! small dose verapamil 
(plasma level less than 150 ng/ml) prolonged the P-P 
interval from 397 to 442 ms, and the A-H interval (His 
bundle electrogram) from 65 to 94 ms. At higher drug 
levels (less than 400 ng/ml), the P-R and A-H intervals 
increased to 554 and 136 ms, respectively. Fifty percent 
of the animals had second or third degree A-V block. 
The QRS duration, Q-T interval and H-V intervals were 
not affected even at the highest plasma drug levels (400 
to 2,000 ng/ml). Similar dose-dependent prolongation 
of the P-R interval in dogs have been reported by other 
investigators.7? 

Therapeutic doses of (+)-verapamil (10 mg intrave- 
nously: 120 mg orally) evoke in patients plasma level 
dependent prolongations of the P-R interval.$? Fur- 
thermore, 0.15 mg/kg verapamil intravenously prolongs 
the A-H interval without altering the H-V interval.?? 
Because of its tendency to produce A-V block, verapa- 
mil should be used cautiously in patients in whom A-V 
block is apt to develop (patients taking digitalis or those 
with a possible bradytachycardia syndrome) and should 
not be administered to patients treated with beta ad- 
renergic blocking agents.!! 

Inotropic effects: Compared with nifedipine, 
verapamil has a greater propensity to exert direct 
myocardial depressant effects. Nevertheless, in anti- 
arrhythmic doses, precipitation of cardiac failure is 
unusual.®° 


Diltiazem 


Vasodilator effects: In 20 patients undergoing 
cardiac catheterization for coronary disease or hyper- 
tension, 96 hemodynamic findings at rest were monitored 
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before and after 60 mg of diltiazem orally. The drug 
produced small decreases in heart rate (—6.2 percent) 
systolic aortic pressure (—9.1 percent), cardiac index 
(—5.2 percent) and peripheral resistance (—4.1 percent). 
In two patients undergoing cardiac catheterization for 
anginal symptoms,?! an intravenous drip of diltiazem 
(1 mg/min) evoked negligible hemodynamic changes. 
Long-term treatment in 20 patients with diltiazem, 90 
mg every 8 hours,®! was interpreted as having led to a 
significant decrease in cardiac output. 

Electrophysiologic effects: Like verapamil, but 
unlike nifedipine, diltiazem possesses antiarrhythmic 
effects (for more detail see Ref. 45). This vasodilator has 
the unusual property of producing no tachycardia or 
minimal sinus bradycardia.® 


Comparative Direct Cardiac Effects of Nifedipine, 
Verapamil, Diltiazem and Other Vasodilators 


Direct myocardial effects of vasodilators in vivo are 
notoriously difficult to evaluate, because vasodilator 
responses may affect major determinants of cardiac 
performance including heart rate, ventricular preload, 
ventricular afterload and coronary flow. Therefore, 
direct myocardial effects of these drugs are more easily 
assessed in vitro. 

Figure 2 depicts experiments with isolated right guinea 
pig atria.?? The atria were mounted so as to contract iso- 
metrically in a muscle bath containing oxygenated Krebs 
buffer. Force (F) development and its first derivative, dF/dt, 
were monitored before and during the cumulative addition 
of drug to the buffer. Changes in spontaneous rate and 
changes in dF/dt during electrical pacing (200/min) served as 
indexes of chronotropy and inotropy, respectively. Sponta- 
neous frequency and dF/dt at fixed rate were expressed as 
percent decrease of the control value (2100 percent) before 
addition of a drug.9? 

Figure 2 shows the responses to selected vasodilators, all 
administered to produce a drug concentration of 1076 M. 
Each data point represents a mean + standard error of the 
mean in five to six experiments. Verapamil, D 600, and to a 
lesser extent prenylamine and perhexiline, were effective in 
depressing both frequency and dF/dt. However, diltiazem 
acted predominantly on frequency (*chronoselectivity"), and 
nifedipine predominantly on dF/dt (“inoselectivity”). In sharp 
contrast, classic vasodilators (papaverine, nitroglycerin, ni- 
troprusside and diazoxide) exerted no or negligible depressant 
effects on chronotropic or inotropic properties at the 1078 M 
level. 

As indicated, the definition of the term Ca* * antagonist is 
somewhat vague. I believe that if one wants to use the term 
it should be applied only to those vasodilators that depress 
the heart at low (1079 M or less) concentrations. This defini- 
tion eliminates drugs such as diazoxide and nitroglycerin, 
vasodilators that do not appear to inhibit Ca** uptake by 
vascular smooth muscle.!? Thus, Ca** antagonists may be 
thought of as drugs which act in vitro as potent “cardiovaso- 
depressants." Such a definition avoids making assumptions 
about electrophysiologic mechanisms. 


Therapeutic Effects of Cat* Antagonists 


Although Ca** antagonists have been used clinically 
mainly as antianginal and antiarrhythmic agents, these 
drugs may be of value for the treatment of other disease 
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FIGURE 2. Responses of first derivative of force development (dF/dt) during electrical pacing and of spontaneous rate (frequency) of isolated guinea 
pig atrium to selected vasodilators all administered to produce a drug concentration of 1079 M. A, selected vasodilators including calcium antagonists. 


B, classic vasodilators. 


states. Treatment with Ca** antagonists have been 
recommended or proposed for the following condi- 
tions: 

1. Angiospastic angina (Prinzmetal’s angina) 
Angina pectoris, any type 
Arrhythmias 
Arterial hypertension 
. Left ventricular failure (vasodilator therapy) 
Acute myocardial infarction 
. Cardiac preservation (cardiac surgery) 
. Cardiomyopathy 
. Cerebral vasospasm 

10. Other vasospastic syndromes 
The value of nifedipine, verapamil and diltiazem as 
therapeutic agents is no longer in doubt. Nifedipine and 
diltiazem are efficacious in relieving angiospastic an- 
gina, and verapamil is the drug of choice for the termi- 
nation of supraventricular reentrant tachycardias. In 
the following I will focus on the main therapeutic ap- 
plications of nifedipine, diltiazem and verapamil. 

Angiospastic angina: Spontaneous angina with re- 
versible “infarct-like” electrocardiograms (marked S-T 
elevation and transient Q waves) was well described by 
the classical electrocardiographers who attributed the 
episodes to coronary spasm.®* However, this patho- 
physiologic mechanism remained speculative until the 


O Qo -1 9» MP wy 


occurrence of coronary spasm was documented by 
modern angiographic techniques. Japanese workers94-96 
were pioneers in studying the effects of newly developed 
vasodilators on coronary vasospasm. A case collection 
from 11 Japanese centers®’ revealed the extraordinary 
efficacy of nifedipine and diltiazem for the relief of 
coronary spasm. These agents were found to eliminate 
chest pain in approximately 75 percent of the patients, 
and improvement was noted in over 90 percent of the 
patients (Table II). Interestingly, verapamil was strik- 
ingly less effective than nifedipine and diltiazem. 
Subsequently, Yasue and collaborators®*” found that 
coronary spasm triggered by exercise or alkalosis 
(Tris-buffer infusion; hyperventilation)?? could be 
prevented by nifedipine and diltiazem. Furthermore, 
they observed?? that in some cases beta blockade with 
propranolol was not only ineffective in suppressing the 
attacks, but aggravated the disease in 8 of 13 patients. 
In other reports,?!9? patients were described in whom 
nifedipine abolished spasm producing life-threatening 
ventricular arrhythmias. The efficacy of nifedipine in 
the treatment of angiospastic angina has widely been 
confirmed.56:93 

Angina pectoris: Nifedipine appears to be less ef- 
fective for the treatment of anginal syndromes not at- 
tributable to coronary spasm.9? In six controlled studies 
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TABLE Il 
Effect of Antianginal Agents on Variant Angina (11 Japanese institutions) 
Complete 
Elimination of 
Total Cases (n) Attacks 

Nifedipine 149 115 

Diltiazem 87 70 

Nifedipine + diltiazem 15 11 

Verapamil 28 3 


Attacks to % of Effective 
Less Than Half No Effects Cases 
25 9 94.0 
9 8 90.8 
4 0 100.0 
21 4 85.7 
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totaling 199 patients, nifedipine, 10 mg/8 hours orally, 
decreased on average the frequency of anginal attacks 
by 60 percent. Current evidence indicates that therapy 
with nifedipine plus beta receptor blockade yields better 
results than either nifedipine or beta receptor blockade 
alone.9? 

Arrhythmias: Nifedipine has no antiarrhythmic 
activity.’? Verapamil, 0.15 mg/kg intravenously, is the 
drug of choice for the treatment of reentrant supra- 
ventricular tachycardia, irrespective of whether reentry 
is intranodal or occurs in association with an accessory 
pathway.7/79495 Verapamil probably acts by lengthening 
the effective and functional refractory period of the A-V 
node and prolonging the A-V nodal transmission time. 
Reversion to sinus rhythm occurs in a very large percent 
(more than 90 percent of the patients.779495 Verapamil 
may slow the ventricular rate in the presence of atrial 
fibrillation or flutter.96 Verapamil does not appear to 
be a very effective drug for the treatment of ventricular 
arrhythmias.96 

Of particular interest are ventricular arrhythmias 
during acute myocardial ischemia. It has been postu- 
lated that during ischemia potassium accumulating 
around the cells and other factors partly depolarize the 
cells, inactivating the fast channels. The cells would 
then depend on slow-channel action potentials (“slow 
response") that might be arrhythmogenic. It is further 
postulated that inhibition of such slow responses with 
a Ca** antagonist should exert an antiarrhythmic ef- 
fect. Ischemia impairs local conduction, and the in- 
hibitory effects of a Ca** antagonist should further 
accentuate impaired conduction. In dogs with experi- 
mental ischemia it has been shown that verapamil im- 
proves conduction in ischemic zones.?7-?? The reason 
for this paradoxical effect is not clear, but may be due 
to the fact that verapamil, by augmenting collateral 
flow, improves the electrophysiologic performance of 
the ischemic heart. 

Arterial hypertension: There is considerable evi- 
dence that Ca** antagonists may have a place in the 
treatment of arterial hypertension. Nifedipine has been 
shown to lower promptly the arterial pressure in hy- 
pertensive crises!?? and in severe essential hyperten- 
sion.!?! Other investigators,!?? however, have concluded 
that nifedipine, 10 mg orally every 8 hours has only a 
modest hypotensive activity. Similarly, verapamil, 320 
to 640 mg every 24 hours, has been found to produce 
only small decreases in arterial pressure.!9? It appears 
likely that Ca** antagonists will be useful for the 
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treatment of mild hypertension complicated by coro- 
nary disease or impaired left ventricular performance, 
or both.®4 

Left ventricular failure: Vasodilator therapy of left 
ventricular failure with Ca** antagonists has not been 
extensively evaluated. In patients with coronary disease 
and left ventricular failure, nifedipine has been found 
to improve exercise tolerance and reduce pulmonary 
occlusion pressure.94 

Acute myocardial infarction: In conscious dogs 
with coronary ligation, nifedipine administered intra- 
venously has been shown!?* to improve collateral flow 
to ischemic zones, and to reduce ischemic injury as- 
sessed histologically and biochemically. In open chest 
dogs, nifedipine has also been shown!?? to improve re- 
gional shortening and increase local heat development 
in the ischemic zones. On the other hand, verapamil 
given to open chest dogs with coronary ligation has been 
reported!?6 to selectively depress contractility in isch- 
emic zones. Nevertheless, verapamil appears to reduce 
infarct size in dogs subjected to coronary occlusion.!? 
There are no published data on the effects of Ca* * an- 
tagonists on myocardial infarct size in human beings. 

Cardiac preservation: In isolated rabbit hearts 
perfused at low flow, nifedipine has been shown!9? to 
inhibit the development of myocardial contracture, 
improve recovery after reperfusion and depress the 
accumulation of Cat* in the mitochondrial fraction of 
ventricular myocardium. Similarly, verapamil has been 
noted!" to inhibit hypoxic contracture in the isolated 
perfused guinea pig heart. In dogs undergoing total 
hypothermic cardiopulmonary bypass for 2 hours, ni- 
fedipine has been shown!!? to exert striking protective 
effects on the heart. 

Cardiomyopathy: Jasmin et al.!! demonstrated that 
verapamil prevents the development or reduces the 
severity of heart lesions in the cardiomyopathic ham- 
ster. Of considerable interest are reports!!?11? indi- 
cating that long-term treatment with verapamil may 
beneficially influence hypertrophic obstructive car- 
diomyopathy in man. 

In conclusion: Ca** antagonists are a rather heter- 
ogeneous class of agents with dissimilar structural, 
electrophysiologic and pharmacologic properties. There 
are still some questions regarding the clinical utility of 
the concept of Ca++ antagonism. However, the evidence 
is overwhelming that some of these agents are of great 
value for the treatment of specific cardiovascular disease 
states. 
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The effects of nifedipine were studied on action potentials recorded from 
(1) normal canine Purkinje fibers, (2) Purkinje fibers exposed to barium 
chloride (0.1 to 0.25 mM), which reduces their membrane potential and 
produces enhanced pacemaker activity (abnormal automaticity), and 
(3) subendocardial Purkinje fibers underlying infarct zones at 24 hours 
after ligation of the left anterior descending coronary artery. In concen- 
trations of 0.1 to 0.3 mg/liter, nifedipine did not significantly alter the 
resting transmembrane potential, action potential amplitude or maximal 
upstroke velocity of normal Purkinje fibers. The action potential duration 
(to 50 and 100 percent repolarization) was significantly shortened. These 
concentrations of nifedipine did not suppress the slope of phase 4 depo- 
larization of automaticity in Purkinje fibers with maximal diastolic po- 
tentials between —85 and —95 mV. 

Abnormal automaticity in fibers exposed to barium chloride (Ba* *), 
having maximal diastolic potentials of —40 and —60 mV, was promptly 
abolished by nifedipine in concentrations of 20 to 200 g/liter (n = 12). 
In slightly higher concentrations (0.2 to 0.6 mg/liter), nifedipine slowed 
or stopped abnormal automaticity in infarct zone Purkinje fibers (n — 3). 
In two subendocardial Purkinje fiber preparations, salvos of spontaneous 
impulses were observed that were terminated with delayed afterdepo- 
larizations; nifedipine (0.1 to 0.2 mg/liter) quickly abolished these im- 
pulses. 

It is concluded that nifedipine can suppress abnormal automatic activity 
in canine cardiac Purkinje fibers in concentrations of 20 to 200 g/liter, 
concentrations that will only shorten the plateau of normal action poten- 
tials. Nifedipine may prove to be a useful antiarrhythmic drug. 


Patients with coronary artery disease or Prinzmetal's angina have in- 
creased risks of life-threatening ventricular arrhythmias.!-^ The com- 
monly prescribed antiarrhythmic drugs have not been proved to decrease 
the incidence of sudden death in these patients. There is some evidence 
that beta adrenergic blocking drugs, which frequently are used to treat 
angina pectoris, prevent arrhythmias and may provide some protection 
against sudden death.?? The fact that a single drug might relieve isch- 
emia and at the same time decrease the likelihood of fatal ventricular 
arrhythmias suggests that other types of antianginal agents should be 
tested for antiarrhythmic efficacy. 

Nifedipine is one such agent that has been reported to be extremely 
effective for alleviating both stable and variant angina.?-!? Nifedipine 
is thought to relax vascular smooth muscle by blocking transmembrane 
calcium fluxes.!?:14 There is evidence that it exerts similar effects on 
myocardial fibers by shifting the plateau of ventricular muscle to less 
positive voltages, decreasing action potential duration and exerting a 
strong negative inotropic effect,!?:1516 and blocking the “slow inward 
current" in experiments with the voltage clamp.!* 

Inhibitors of the slow inward current in cardiac cells might be able to 
abolish arrhythmias generated by several mechanisms, including reentry, 
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abnormal automaticity and triggered responses. 
Reentry in ischemic cardiac tissue presumably depends 
on unidirectional block and slow conduction!*; one 
mechanism for very slow propagation of the cardiac 
impulse is the replacement of the normal fast response 
by the slow response.!9 The slow response depends on 
an inward depolarizing current in the “slow” channels 
(gsi) that is carried primarily by calcium ions, and can 
be elicited in partially depolarized fibers. Another 
mechanism for the production of arrhythmias is “ab- 
normal automaticity” (that is, enhanced impulse ini- 
tiation in partially depolarized cells). Abnormal auto- 
maticity can occur in depolarized working myocardial 
cells or in cells of the conduction system. If the mem- 
brane potential is sufficiently reduced, the automatic 
impulses are predominantly slow responses and result 
largely from an inward calcium current.???! The third 
mechanism for abnormal impulse generation is the 
triggered response,!??? which can result from either 
early or delayed afterdepolarizations. In the case of early 
afterdepolarizations, the repetitive responses once again 
can be classified as slow responses, because they arise 
at membrane potentials so close to zero that the fast 
inward (sodium) channels are likely to be very largely 
inactivated. In fibers that are not excessively depolar- 
ized, the current responsible for delayed afterdepolar- 
izations is now thought to be a sodium current.?? Nev- 
ertheless, some delayed afterdepolarizations also de- 
pend on a transmembrane calcium current,?*2?5 which 
causes an excessive increase in intracellular calcium 
activity. This, in turn, is thought to initiate an oscilla- 
tory release and reuptake of calcium ion from intracel- 
‘lular stores. The oscillatory changes in intracellular 
calcium activity are a possible cause of the changes in 
membrane ionic conductance that result in a transient 
inward current and delayed afterdepolarizations. A 
more detailed description of these mechanisms is pro- 
vided elsewhere.?$ 

We thought it important to study the effects of ni- 
fedipine on several cell mechanisms of arrhythmias. Our 
primary objective was to evaluate its actions on abnor- 
mal automaticity and delayed afterdepolarizations. At 
the same time, we thought it necessary to study in some 
detail its effects on the electrical activity of normal 
Purkinje fibers to see whether it exerted effects like 
those of standard antiarrhythmic drugs to depress 
conduction and normal automaticity. 


Methods 


Studies on isolated canine Purkinje fibers: Mongrel dogs 
were anesthetized with pentobarbital (30 mg/kg body weight, 
intravenously) and the heart was excised rapidly and im- 
mersed in a large volume of cold Tyrode's solution. False 
tendons (that is, bundles of Purkinje fibers) were excised from 
both the right and left ventricles. One bundle was placed in 
a tissue bath that has previously been described.?? The fiber 
was superfused with Tyrode’s solution at a rate of 10 to 12 
ml/min. The Tyrode's solution had been equilibrated with a 
mixture of 95 percent oxygen and 5 percent carbon dioxide 
and warmed to 37? C before entering the tissue bath. 'The 
volume of the tissue bath was less than 10 ml. 


The preparations were stimulated with rectangular pulses 
through a pair of Teflon®-coated silver wire electrodes posi- 
tioned at one end of the false tendon. Transmembrane po- 
tentials were recorded through glass capillary microelectrodes 
filled with 3M of potassium chloride (KCl) and having direct 
current resistance of 10 to 25 megohms. The intracellular 
microelectrodes were coupled through silver-silver chloride 
interfaces to amplifiers with high input impedance and the 
capability for capacity neutralization. The tissue bath was 
connected to ground through a similar 3M of KC] silver-silver 
chloride sequence. A calibrator between the bath electrode 
and ground provided calibration for records of membrane 
potential and the first time derivative of membrane poten- 
tial.28 For most experiments, two microelectrodes were used 
to record transmembrane potentials simultaneously from two 
fibers at different locations in the preparation. Data were 
deemed acceptable if the impalement in each fiber was 
maintained for the duration of the test procedure. 

For studies on normal Purkinje fibers, the preparation was 
stimulated at selected cycle lengths to demonstrate effects on 
transmembrane potentials and on the slope of phase 4 depo- 
larization of a driven preparation. For experiments on normal 
automaticity, the drive stimulus was interrupted periodically 
to assess the intrinsic rhythmicity of the false tendon. For 
these experiments the potassium concentration in the Ty- 
rode's solution was 2.7 mM. For all other experiments, po- 
tassium was 4 mM. The composition of the Tyrode’s solution 
in mM was: sodium chloride (NaCl), 137; sodium bicarbonate 
(NaHCOj), 12.0; calcium chloride (CaCl), 2.7; magnesium 
chloride (MgCl5), 0.5; sodium phosphate (NaH3PO,), 1.8; 
glucose, 5.5. The pH was 7.35 to 7.42. 

The experiments were conducted in the dark with the room 
illuminated by darkroom lights to avoid photolytic degrada- 
tion of nifedipine. The drug was added to the stock T'yrode's 
solution to produce final concentrations ranging from 20 to 
300 mg/ml. Records were obtained under control conditions, 
during superfusion with Tyrode’s solution containing graded 
concentrations of nifedipine and then during a washout with 
drug-free solution. 

Studies on fibers exposed to barium chloride: It has 
been shown that barium chloride, in concentrations of 0.75 
to 5.0 mM, probably by decreasing the conductance of the 
membrane to potassium, causes partial depolarization of 
ventricular muscle and the appearance of abnormal auto- 
maticity.2?9-?! This is characterized by a maximal diastolic 
potential in the range of —60 to —40 mV, typical phase 4 de- 
polarization and action potentials with a slow upstroke and 
small overshoot. We used barium chloride in concentrations 
between 0.1 and 0.25 mM to induce normal automaticity in 
Purkinje fibers. Once stable abnormal automaticity was ob- 
tained, nifedipine was used in concentrations between 20 and 
300 ug/liter. In some experiments, driving stimuli were used 
periodically to test whether or not an intrinsic rhythm could 
be reinduced after exposure to nifedipine. 

Studies on subendocardium from 24 hour infarcts: In 
another group of experiments we studied the effects of ni- 
fedipine on subendocardial tissues excised from dog hearts 
with a 24 hour infarct. On the day before the experiment, the 
left anterior descending coronary artery was ligated in two 
stages according to the method of Harris.?? The chest was then 
closed and the animal allowed to recover. Approximately 24 
hours after coronary ligation, when ventricular arrhythmias 
were most prominent, the dog was anesthetized with pento- 
barbital and the heart excised and cooled in Tyrode's solution. 
'The left ventricle was opened and two to four preparations of 
endocardial tissue, each about 10 by 15 mm in surface area and 
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1 mm thick, were excised from the infarct zone and one placed 
in the tissue bath. Stimulation and recording techniques were 
similar to those described for isolated false tendons. These 
preparations were used to study abnormal automaticity and 
delayed afterdepolarizations. Records were obtained either 
by photographing a Tektronix 565 oscilloscope with a Polar- 
oid® camera or from a Gould-Brush recorder (model 2400). 
The latter could not be used to record faithfully the action 
potential amplitude of normal Purkinje fibers because of its 
limited frequency response, but was suitable to obtain con- 
tinuous records of slower transients. 


Results 


Normal cardiac Purkinje fibers: Each Purkinje 
fiber preparation was driven at a cycle length of 1000 ms 
and allowed to equilibrate for 60 minutes to obtain 
stable control records. The fibers showed normal values 
for resting transmembrane potential (—94 + 1.4 mV), 
action potential amplitude (126 + 4.5 mV) and maximal 
rate of depolarization during phase 0 of the trans- 
membrane action potential (Vmax, 485 + 60 V/s). Typ- 
ical control records are shown in the upper panel of 
Figure 1. Nifedipine was then added to the superfusate 
in a concentration of 100 ug/liter. The records were 
monitored for 30 to 40 minutes, the values at this time 
were recorded and then the concentration of nifedipine 
was increased to 300 ug/liter. Again, the observation 
period was 30 to 40 minutes. Finally, the preparation 
was superfused with drug-free Tyrode’s solution to 
permit a search for reversal of effects. 


Control 


| 


Nifedipine !00ug/1 30min 
| 


Washout 30min 





-[ 
= AM 20mV 
200 v/s 100 msec 

FIGURE 1. Effects of nifedipine, 100 g/liter, on Purkinje fiber trans- 
membrane potentials. Each panel shows two action potentials recorded 
from sites about 2 mm apart. Zero potential reference lines and dif- 
ferentiated upstrokes of phase 0 (Vmax) are shown for each action po- 
tential. V calibration = 200 V/s. Voltage and time calibrations are shown 
at lower right. 
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Nifedipine had little effect on normal transmem- 
brane potentials in either concentration (Fig. 1, Table 
I). There was no change in resting transmembrane po- 
tential or action potential amplitude and no decrease 
in Vmax. At a concentration of 100 g/liter nifedipine did 
cause some change in the plateau and action potential 
duration. There was no shift in the voltage level of the 
plateau but its duration decreased, and action potential 
duration at 50 percent repolarization (APD 50 percent) 
and at full repolarization (APD 100 percent) was sig- 
nificantly shortened (Table I). There were no changes 
in the voltage-time course of phase 3. Exposure to ni- 
fedipine in a concentration of 300 ug/liter caused no 
additional decrease in either APD 50 percent or APD 
100 percent and no change in the other variables. 
Washout of nifedipine was followed for 30 to 120 min- 
utes. Action potential duration returned to control 
values within 60 to 90 minutes. 

In five experiments we studied the effects of nifedi- 
pine on normal phase 4 depolarization of Purkinje fibers 
driven at a cycle length of 4,000 ms. Nifedipine in con- 
centrations of 100 and 300 ug/liter did not decrease the 
slope of phase 4 depolarization (Fig. 2). Also, these 
concentrations did not suppress automatic impulse 
generation in normal spontaneously firing Purkinje fi- 
bers with normal maximal diastolic potentials of —85 
to —95 mV. In a few instances there was a suggestion 
that nifedipine slightly increased normal automaticity 
(Fig. 2). 

Effects of nifedipine on abnormal automaticity 
induced in isolated Purkinje fibers by exposure to 
low concentrations of barium chloride: Abnormal 
automaticity was induced in nine preparations of nor- 
mal Purkinje fibers in isolated false tendons by super- 
fusing them with Tyrode’s solution containing barium 
chloride (BaCls;) in concentrations of 0.10 to 0.25 mM. 
'The false tendons were driven at cycle lengths of 2,000 
to 4,000 ms as the barium was introduced, and when 
spontaneous activity began the stimulus was turned off. 
Exposure to barium caused rapid changes in the 
transmembrane potentials. There was a prompt de- 


TABLE | 
Cardiac Purkinje Fiber Transmembrane Potentials 
: APD APD 
RMP APA Vmax 100% 50% 
Control —94 126 485 450 298 
+1.4mV +45mV +60V/s +10ms +15ms 
Nifedipine —92 126 519 428* 264* 
100 ug/ 3:1 +4.9 +64 +3 +8 
liter 
Nifedipine —92 127 545 431° 254* 
300 ug/ 1.1 +5.3 +70 +5 Eig 
liter 


* Probability (p) = 0.05 versus control values. The values shown 
represent mean + standard deviation for cells driven at a cycle length 
of 1,000 ms. n = 8. 

APA = action potential amplitude; APD = action potential at 100 and 
50 percent repolarization, respectively; RMP = resting transmembrane 
potential; Vmax = maximal rate of depolarization. 
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FIGURE 2. Effects of nifedipine on the slope of normal phase 4 depo- 
larization. Time and voltage calibrations, lower right; zero reference 
potential, left of each panel. Top panel, control records from a fiber 
driven at a cycle length of 4,000 ms. Middle and lower panels, trans- 
membrane potentials after 30 minutes exposure to nifedipine, 100 and 
300 ug/liter, respectively. Lower panel, preparation just before it be- 
came automatic at a cycle length of about 3,600 ms. Action potential 
amplitudes and overshoots are attenuated in this and all subsequent 
figures because recordings were taken on a pen recorder (Gould 
2400). 
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crease in maximal diastolic potential from the control 
value to values between —62 and —40mV. This change 
required 3 to 5 minutes. Concomitantly there was a 
decrease in action potential amplitude and overshoot, 
a marked slowing of the action potential upstroke and 
the appearance of fairly marked phase 4 depolarization. 
Under control conditions the cells in the barium-treated 
preparations generated automatic impulses at a steady 
rate for periods of several hours. The action potentials 
generated under these conditions appear to be slow 
responses (unpublished observations) and are abolished 
by other agents like verapamil or AHR-2666,???4 which 
are thought to block the slow channels (gsi) and diminish 
slow inward current.?5:36 

In the nine preparations, the Purkinje fibers fired at 
a cycle length of 860 + 220 ms (mean + standard de- 
viation). After a 30 to 60 minute observation period had 
elapsed, to be sure that the abnormal automaticity was 
stable, the superfusate was changed to one that con- 
tained nifedipine in concentrations of 20 to 200 ug/liter. 
In every experiment, the abnormal automatic activity 
was promptly arrested after exposure to nifedipine. In 
each experiment, the total amplitude of the action po- 
tentials decreased before abolition of automaticity. This 
decrease in amplitude represented a reduction of both 
the overshoot and the maximal diastolic potential. In 
five of the impalements, the amplitude of the action 
potentials was markedly reduced (to less than 50 per- 


FIGURE 3. Effects of nifedipine, 50 «g/liter, on abnormal au- 
tomaticity induced by barium (Ba?*). A, From left to right, panels 
show control recordings, and records taken 5, 15 and 25 minutes 
after start of exposure to nifedipine. At 25 minutes, action po- 
tential amplitude was markedly reduced, and within 30 minutes 
all activity arrested. Similar effects occurred at a second site 
approximately 7 mm away. Time and voltage calibrations and 
zero reference potentials as in Figure 2. B, From left to right, 
panels show control recordings at two sites, effects of barium 
chloride, and effects of nifedipine, 50 «g/liter, at 5 and 10 
minutes. By 5 minutes, most impulses did not produce full re- 
generative responses at either site, and by 14 minutes all activity 
had arrested (not shown). 
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cent of the control amplitude) for several minutes before 
all activity ceased (Fig. 3) whereas in 11 Purkinje cells 
there were small (5 to 20 percent) decreases in ampli- 
tude before arrest. In 7 of these 11 fibers, subthreshold 
oscillations resembling delayed afterdepolarizations 
followed the final regenerative response (Fig. 4), 
whereas no afterpotentials were observed in the re- 
maining four impalements. 

Abolition of abnormal automaticity was not the only 
action exerted by nifedipine on the barium-treated fi- 
bers. With longer exposure, nifedipine increased the 
threshold for electrical stimulation and blocked re- 
generative responses. 


A representative example is shown in Figure 5. Sixty sec- 
onds after nifedipine had arrested abnormal automaticity in 
a barium-treated fiber, a 16 second train of stimuli (500 ms 
cycle length) elicited a series of 35 triggered potentials. Three 
minutes later, the same stimulus train produced no triggered 
responses, and the stimulated action potentials were markedly 
reduced in amplitude. Two minutes later, the preparation was 
inexcitable (not shown). 

In one experiment, a 10 by 15 mm slice of subendocardial 
tissue was superfused with Tyrode’s solution containing 
BaCl, 2.0 mM. Transmembrane potentials recorded from 
subendocardial Purkinje fibers in this preparation were re- 
duced to —55 to —60 mV and showed repeated bursts of 30 to 
50 action potentials that lasted 60 to 90 seconds. The bursts 
were separated by quiescent periods of 35 to 60 seconds, and 
each burst terminated with a delayed afterdepolarization. 
Activity persisted in the presence of a low concentration of 
nifedipine (50 ug/liter) in the superfusate, but when the 
concentration was increased to 100 u/liter, the duration of the 
bursts gradually shortened and the delayed afterdepolariza- 
tions disappeared. After 25 minutes no bursts occurred, and 


by 27 minutes all spontaneous impulse initiation had been 
abolished. 


= 0.125 mM NIFEDIPINE 200ug/L 


A 


NIFEDIPINE 100 ug/L mV 


WOU el 


ELM 
"Ped. 12.5 sec 


FIGURE 4. Subthreshold oscillations after exposure to nifedipine. Upper 
left, records for fiber in Tyrode's solution containing Ba**; upper right, 
arrest of activity by nifedipine, 200 ug/liter. The drug was washed out 
for 120 minutes, and the sequence repeated with 100 ug/liter (lower 
panels). Spontaneous activity was restored after first period of exposure 
to nifedipine using extracellular stimulation. Zero potentials, at left, 
voltage calibration, at right, and time calibration for right and left panels 
appears below them. 
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Effects of nifedipine on abnormal impulse initi- 
ation in subendocardial Purkinje fibers in 24 hour 
infarct zones: The effects of nifedipine on abnormal 
impulse initiation in 24 hour infarct zones were studied 
in four preparations. In three experiments, one or more 
impalements in the surviving subendocardial Purkinje 
fiber network showed abnormal automaticity. In the 
fourth experiment, triggered activity with delayed af- 
terdepolarizations was recorded. 

Abnormal automaticity in sections of infarcted tissue 
is more variable and less stable than that which can be 
induced with barium. The maximal diastolic potentials 
can vary greatly over the surface of the infarct slice. In 
only one of the three experiments on infarct zone ab- 
normal automaticity, all spontaneous activity was 
promptly terminated after exposure to nifedipine (Fig. 
6). In this experiment the action potential amplitude 
was markedly reduced within 5 minutes after exposure 
to nifedipine, 200 ug/liter, a result similar to that often 
obtained in studies on the barium-treated fibers. In each 
of the other two experiments in infarct zone abnormal 
automaticity, the rate of impulse initiation was greatly 
slowed in 15 to 30 minutes, but not stopped (Fig. 7). The 
spontaneous cycle lengths increased from 575 to 1,190 
ms in one experiment and from 1,400 to 2,250 ms in the 
other. 

Not all preparations of 24 hour infarct zone endo- 
cardium showed Purkinje fibers with abnormal auto- 
maticity and low (—40 to —60 mV) maximal diastolic 
potentials. In several preparations, cells with more 
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FIGURE 5. Effects of nifedipine on triggered responses in Purkinje fibers 
depolarized with barium chloride. Format as in Figure 2. For detailed 
explanation see text. 
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normal maximal diastolic potentials (—75 to 90 mV) 
were studied. When these cells were driven with trains 
of 5 to 20 stimuli at cycle lengths of 800 to 1,200 ms, 
three of them showed triggered extra responses or de- 
layed afterdepolarizations, or both. When spontaneous 
activation was allowed, one of these preparations re- 
mained quiescent, while the other two fired bursts of 
action potentials like those previously described for the 
BaClo-treated subendocardial fibers. Each burst lasted 
60 to 90 seconds, but would continue for longer periods 
if epinephrine was added to the superfusate. Typically, 
the pattern of action potential bursts was very stable. 
Within each burst, the rate of firing was slow at first and 
then accelerated to a minimal cycle length of about 800 
ms. The maximal diastolic potential gradually increased 
during the burst, as seen during “overdrive hyperpo- 
larization." Finally, the rate of impulse initiation slowed 
and the burst was terminated with a subthreshold os- 
cillation. 
One experiment was performed to test the effects of 
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FIGURE 6. Reduction of action potential amplitude 
and abolition of spontaneous activity in infarct 
zone subendocardial Purkinje fiber (IZSEPF) ex- 
posed to nifedipine. First panel from left, control 
recordings taken at fast and slow paper speeds. 
Second, third and fourth panels, development of 
effects of nifedipine, 200 ug/liter. Records taken 
at times indicated after start of drug perfusion. 
Voltage calibrations shown at left, 1 second time 
marks, above. 


nifedipine on this type of activity (Fig. 8). Within 8 
minutes of exposure to nifedipine, 200 ug/liter, the 
triggered bursts of action potentials were abolished. 
Washout of the drug for 90 minutes resulted in resto- 
ration of the bursts of action potentials. 


Discussion 


Effects of nifedipine on normal Purkinje fibers: 
Drugs such as verapamil and D-600°° and AHR-2666,36 
that have as their primary effect blockade of the slow 
inward channel in cardiac fibers, cause rather prominent 
changes in the configuration of transmembrane po- 
tentials of the cardiac Purkinje fibers. Probably as a 
result of block of slow inward current, they shift the 
plateau to more negative voltages and decrease the 
duration of the action potential in the range of plateau 
voltages. In addition, however, they cause some decrease 
in the slope of phase 3 and a resulting increase in overall 
action potential duration. This effect may result from 
an action on a potassium channel (i, ;) thought to be 


i| 


/5 min 


FIGURE 7. Slowing of automaticity in a preparation 
of 24 hour infarct zone Purkinje fibers (IZSEPF). Each 
panel shows recordings from two different cells about 
5 mm apart. Upper panels, control recordings: stan- 
dard paper speed at right, slow speed at left to illus- 
trate periodicity of activity in recording at top. Lower 
three panels, effects of nifedipine, 100 ug/liter. By 
1 minute after start of exposure to the drug, the highly 
aberrant activity in the recording at the top of the 
panels was abolished, and by 15 minutes the prepa- 
ration was activated at a cycle length of 1,190 ms. 
Exposure to nifedipine, 300 ug/liter, for 30 minutes 
did not produce further slowing. 
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FIGURE 8. Effects of nifedipine on bursts of action potentials occurring in preparation of a subendocardial Purkinje fiber of a 24 hour infarct zone 
(IZSEPF). Upper panel, control recordings; middle panel, the effects of the drug; lower panel, washout of the drug. Within 8 minutes after start 
of nifedipine, 200 ug/liter, bursts of action potentials were abolished, and final spontaneous action potentials were recorded at 14 minutes. No 
subsequent spontaneous action potentials occurred for an additional 16 minutes while drug superfusion continued. Note voltage calibrations at 
left, 1 second time marks above each panel. For further discussion, see text. 


responsible for repolarization or may reflect the effect 
of a change in intracellular calcium activity on potas- 
sium (K+) conductance.?7 Verapamil decreases the 
slope of phase 4 depolarization and the maximal rate of 
rise of the action potential upstroke in a manner re- 
sembling the effects of the local anesthetic antiar- 
rhythmic drugs.?5:59 

Our findings for nifedipine resemble in general those 
published by other investigators!?!6 for ventricular 
muscle fibers. In concentrations up to 300 ug/liter, ni- 
fedipine acts mainly to modify the plateau phase of the 
Purkinje fiber transmembrane action potential. We 
found no significant effect on the resting potential, ac- 
tion potential amplitude or the maximal rate of depo- 
larization during phase 0. One thus would éxpect in the 
intact heart no decrease in the speed of impulse con- 
duction in the specialized ventricular conducting system 
and no major change in its refractoriness. Nifedipine did 
not decrease the slope of phase 4 depolarization in 
normal Purkinje fibers and over the range of concen- 
trations studied would thus not be expected to depress 
the intrinsic automaticity of specialized ventricular fi- 
bers. The slight increase in automaticity noted in some 
experiments may be related to local release of cate- 
cholamines. 

Thus, in a heart in which the fibers of the specialized 


December 1980 The American Journal of CARDIOLOGY Volume 46 


conducting system are normal, one would not expect 
nifedipine to slow conduction, increase the duration of 
the QRS complex or cause focal conduction block. Also, 
in the presence of atrioventricular block, nifedipine 
would not impair the ability of latent pacemakers in the 
ventricular conducting system to generate a spontane- 
ous rhythm. This is a significant problem of a number 
of the standard antiarrhythmic drugs. 

Effects on abnormal automaticity in fibers ex- 
posed to barium: The model used for these studies 
probably deserves some comment. A major effect of low 
concentrations of barium on cardiac fibers is to decrease 
the conductance of the membrane to outward potassium 
currents. It is very likely that a decrease in outward 
background current (gK,;) is responsible for the re- 
duction in maximal diastolic potential from the normal 
value of greater than —90 mV to a value less negative 
than —65 mV. When maximal diastolic potential is be- 
tween —40 to —60 mV, Purkinje fibers typically show 
depolarization during phase 4, which results in auto- 
matic impulse generation. The transmembrane action 
potentials initiated by this mechanism show a low rate 
of depolarization during phase 0 and frequently re- 
semble transmembrane action potentials generated by 
fibers in the sinoatrial node. The slow depolarization 
during phase 4 may be caused by a time- and voltage- 
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dependent decrease in the repolarizing potassium cur- 
rent, ix,1. The slowly rising action potentials result in 
large part from inward current carried by calcium ions 
in the slow inward channels.?9 

Modification of automatic impulse generation in this 
preparation might be brought about by an agent that 
reduced the slope of phase 4 depolarization, shifted the 
threshold potential toward 0 or decreased the ability of 
the fiber to generate a slow inward current sufficiently 
large to generate an action potential. Nifedipine usually 
did not have prominent effects on the slope of phase 4 
depolarization; however, it was effective in abolishing 
automatic impulse generation. In some instances the 
automatic rhythm terminated rather abruptly as a re- 
sult of failure of the phase 4 depolarization to attain 
threshold, with the final action potential being followed 
by “delayed afterdepolarization." In other cases, ni- 
fedipine caused a progressive decrease in the amplitude 
of the action potential until only small subthreshold 
depolarizations were recorded. Both of these effects can 
be attributed to blockade of slow inward current. In 
each instance, after nifedipine had abolished automatic 
impulse generation, the addition of epinephrine or 
norepinephrine to the superfusate restored phase 4 
depolarization and spontaneous activity resembling that 
seen before exposure to nifedipine (data not shown). 
Catecholamines are known to augment slow inward 
current in cardiac fibers,*° and this finding is compatible 
with the interpretation that the effect of nifedipine 
resulted from a reduction in slow inward current: Be- 
cause nifedipine did not have prominent effects on the 
slope of phase 4 depolarization one can assume that it 
does not have important effect on the i, ; channel. This 
finding is supported by the data for normal Purkinje 
fibers because nifedipine did not significantly alter the 
voltage-time course of membrane potential during the 
latter part of phase 3. 

The generation of impulses. by the Purkinje fibers 
exposed to low concentrations of barium appears to be 
automatic. At the same time, fibers in this condition also 


may generate delayed afterdepolarizations and 
triggered rhythms.?? Indeed, in many instances when 
nifedipine terminated spontaneous impulse generation, 
the record of transmembrane potential showed one or 
more oscillatory depolarizations of low amplitude that 
can be classified as delayed afterdepolarizations (Fig. 
4). Also, the pattern of the change in rhythm of some 
partially depolarized preparations from infarcted hearts 
suggested the presence of an underlying automatic 
rhythm that periodically initiated a more rapid 
triggered rhythm (Fig. 8). In both the barium-treated 
Purkinje fibers and the preparations from infarcts, ni- 
fedipine prevented triggering. 

Effects on subendocardial tissues from infarcted 
hearts: The preparations of Purkinje fibers from 24 
hour infarct zones demonstrated several types of 
spontaneous impulse generation, as have previously 
been described.*!~*4 The extent to which spontaneous 
impulse generation is the cause of the ventricular ar- 
rhythmias that typify the in situ heart at 24 hours after 
coronary ligation has not been precisely evaluated. 
Nevertheless, it seems likely that much of the ventric- 
ular ectopic activity during this period is the result of 
spontaneous impulse generation. In some instances, the 
predominant mechanism may be a form of abnormal 
automaticity and in others the ectopic impulses may be 
triggered.?9 

Our findings for nifedipine suggest that it should have 
no major undesirable effects on electrical activity of 
normal cardiac Purkinje fibers but should exert a pro- 
tective effect against arrythmias caused by several of 
the mechanisms engendered by ischemia, if sufficiently 
high tissue concentrations of the drug are achieved. 
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=xternal Pressure Circulatory Assistance: No Light on the Shadow* 


-ESLIE A. KUHN, MD, FACC 


New York, New York 


Phe eminent T.S. Eliot wrote: *. . . between the idea and 
che reality; between the motion and the act: falls the 
shadow.” The unhappy reality and the heretofore im- 
penetrable shadow for cardiologists treating acute 
nyocardial infarction has been pump failure manifested 
yy shock and advanced left ventricular failure. For this 
'eason, attention is commanded by any study suggesting 
hat a procedure can reduce mortality in acute myo- 
'ardial infarction either by more effectively treating 
severe left ventricular failure and shock (the principal 
'auses of mortality) or, preferably, by preventing their 
levelopment. The cooperative study on clinical as- 
eessment of external pressure circulatory assistance 
yublished in this Journal! is one such study. It claims 
hat this mechanical technique reduces mortality and 
norbidity in subsets of patients with acute myocardial 
nfarction. Its publication was accompanied by an ag- 
'ressive advertising campaign to the profession, and was 
receded by vigorous efforts to obtain national exposure 
n the major television networks. Use of this apparently 
rendy technique—in which putative medical advances 
re announced to the public before they can be consid- 
‘red carefully by the physicians who are to judge and 
ipply them—should, of course, be accompanied by the 
‘esponsibility of having a study that is relatively flawless 
ind that reports a truly significant advance. 

After several years of the use of intraaortic balloon 
'ounterpulsation to treat patients with acute myocar- 
lial infarction and shock, the mortality rate of patients 
vith the shock syndrome remains very high, although 
lifferent studies indicate some variation in efficacy of 
he technique,?~’ probably owing to different criteria 
n patient selection. In addition, the intraaortic balloon 
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technique had been associated with appreciable mor- 
bidity,?? although it may still be needed in light of the 
high risk of death in patients with cardiogenic shock. 
Because of the continuing very high mortality rate of 
patients with acute myocardial infarction once the 
shock state has developed despite all present modes of 
therapy, it is reasonable to seek to reduce mortality by 
treating patients with lesser degrees of circulatory and 
pump failure after acute infarction in an attempt to 
prevent the shock syndrome. If this can be accomplished 
by a noninvasive method that is simpler to apply and 
results in fewer complications than occur with the in- 
traaortic balloon, a significant advance will have been 
achieved. 


External Pressure Circulatory Assistance 


External pressure circulatory assistance has been 
investigated for several years?-!? and by now is some- 
what too well known to elicit fresh excitement among 
cardiologists. It can produce effective diastolic aug- 
mentation of the arterial pressure, can possibly alter (as 
reported in some studies) myocardial metabolic ab- 
normalities, and can possibly increase coronary blood 
flow. It has been shown to be less effective than in- 
traaortic balloon pumping in “unloading” the left 
ventricle, as judged from the persistence of high left 
ventricular diastolic pressure, and some studies have 
reported persistence of myocardial excess lactate pro- 
duction. A recent study!? of 23 patients with transmural 
and nontransmural myocardial infarction indicated 
improvement in regional wall motion abnormalities in 
69 percent of patients (as judged from echocardio- 
graphic criteria) but no data were presented on alter- 
ations of wall motion abnormalities in patients not re- 
ceiving external counterpulsation and there was no 
lessening of postinfarction angina. Pulmonary edema 
developed in one patient 15 minutes after the onset of 
treatment (could this have been due to increased venous 
return?). Three patients died with cardiogenic shock. 

It is reasonable to investigate carefully the use of this 
technique in acute myocardial infarction. However, the 
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reported cooperative study appears to have major flaws 
that may substantially vitiate its conclusions. 


Potential Limitations of Cooperative Study 


The authors studied a total of 258 patients in 25 in- 
stitutions and attempted to randomize the selection of 
treated (142 patients) versus control (116 patients) 
groups of subjects with acute myocardial infarction 
judged to be in Killip class II. A significant reduction 
in mortality is claimed for patients less than 46 years of 
age receiving external circulatory support for at least 
3 hours in the first 24 hours of hospitalization and for 
the entire group receiving external support for at least 
4 hours in the first 24 hours of hospitalization when 
compared with patients not so treated. A major effort 
was taken to randomize the patients to each of the two 
groups. However, the number of patients studied in each 
institution varied considerably, ranging from 1 patient 
(two institutions) to 26 patients (one institution) with 
a mean of 9 patients per institution. The small number 
of patients in many of the cooperating institutions 
would make a true randomization of patients difficult 
and the results very preliminary at best. How were the 
single patients in two institutions and the very small 
number of patients in other institutions randomized? 
It is difficult to group the patients within the study as 
a whole, crossing institutional lines, because standards 
of treatment, expertise and interpretation of results may 
vary considerably among institutions. The type of in- 
stitution ranged from a small community hospital to a 
large, sophisticated medical center. Even the average 
number of patients (nine) studied in a single institution 
(about four each in control and treated groups) is 
probably not sufficiently large to form valid conclu- 
sions. 

Although the study was apparently randomized, there 
was no restriction on any other form of therapy used—a 
factor that might well influence results—and no data 
were available for comparative analyses of such therapy 
after the 5th day. The group receiving external circu- 
latory support had about twice as many patients with 
intramural infarction as did the untreated group and 
had fewer patients with anterior and more with inferior 
infarction. Generally, it is the patient with anterior in- 
farction who provides the principal source of mortality 
from pump failure in acute myocardial infarction. It is 
of interest that the study found no significant difference 
in mortality between treated and control groups of pa- 
tients with anterior infarction. 

Of principal concern are the documentation of the 
precise type of patient treated and the equality of the 
prognostic groupings before treatment so that the 
conclusions on reduction of mortality can be accepted 
as valid. The patients were selected for study on the 
basis of Killip class II designation. The presence of rales 
over less than 50 percent of the lung fields was the cri- 
terion for study. In addition, chest X-ray studies were 
performed in some patients to determine heart size and 
distribution of pulmonary flow. We do not know 
whether these films were bedside studies (with resultant 


distortion of heart size as defined by conventional X-ray 
criteria). Nevertheless, no significant change of heart 
size was reported in the treated group. It is well known 
that chest X-ray criteria for “heart failure" do not 
necessarily correlate with hemodynamic findings ob- 
tained at the same time. No hemodynamic measure- 
ments were performed in these patients. This is a seri- 
ous omission because the most accurate prognostic 
groupings in acute myocardial infarction come from 
measurements of the “wedge” pressure and cardiac 
output,!*!° which have a relatively poor correlation with 
rales over less than 50 percent of the lung fields. Simply 
put, if one uses pulmonary rales as a criterion for study, 
the prognostic groupings in such a study may vary 
widely before the institution of the treatment. Whereas 
these patients were randomized to some extent, the 
criteria used were not in accordance with current 
knowledge concerning the most precise means of ar- 
riving at a prognosis. 


Results of Intraaortic Balloon Pumping 


'The idea of intervening in acute myocardial infarction 
in patients with lesser degrees of cardiac dysfunction 
than in those already in shock is a good one whose time 
has come because of the very high mortality rates of the 
shock syndrome. Analysis of reported results of in- 
traaortic balloon pumping once the patient has expe- 
rienced shock after acute infarction shows a survival 
rate ranging widely from 11 percent! to an optimistic 
71 percent.? Our own results are in keeping with the 
lower figure cited. T'o account for these large differences 
in reported efficacy of balloon pumping, one can rea- 
sonably conclude that differences in the criteria used 
to define shock are the cause of the differences in results 
and that results are poorer in patients in whom shock 
is defined rigidly. 

One study!’ compared the results of intraaortic bal- 
loon pumping and early coronary bypass surgery in 
patients with cardiogenic shock. There was a rather low 
hospital mortality rate for this syndrome in both groups 
(52 percent for the 21 patients with balloon pumping 
alone and 42 percent for the 19 patients with balloon 
pumping followed by early coronary bypass grafting) 
and no significant difference between the two groups. 
However, results were better in patients undergoing 
bypass surgery within 16 hours of symptoms of infarc- 
tion than in those undergoing later surgery. Longer- 
term survival rates (6 to 42 months) were apparently 
more favorable in the surgical group. Mortality rates 
were considerably lower in patients with “inferior in- 
farction" (could they have had right ventricular in- 
farction?) than in those with anterior infarction. The 
two groups were not randomly selected so it is possible 
that there were biased selection criteria and that pa- 
tients at apparently greater risk were rejected for sur- 
gery. All the patients studied had “early” shock. None 
had shock at the time of admission. In addition, the 
protocol indicates that the patients responded to 
treatment with vasopressors, attaining an arterial 
pressure of 100 mm Hg. These patients must be con- 
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ANTIBIOTIC PROPHYLAXIS FOR 
BACTERIAL ENDOCARDITIS 


We read the letter about failure of antibiotic prophylaxis of 
infective endocarditis! with concern. These eminent signa- 
tories solicit case reports of apparent failure of antibiotic 
prophylaxis. Surely this is the least important aspect of a very 
important subject. The authors are seen to be straining after 
a gnat. 

It is only too evident that bacterial endocarditis is not being 
prevented.” Otherwise we would not continue to see infections 
by the always penicillin-sensitive viridans streptococci with 
undiminished frequency in our country and in only slightly 
reduced numbers in yours. Why? (1) Is antibiotic prophylaxis 
not being given to the right people? (2) Is it not being given? 
(3) Doesn’t it work? (4) Perhaps this is not the problem. 

More than 90 percent of our own urgent aortic valve re- 
placements are carried out for viridans streptococcus infection 
in young men with “bicuspid” aortic valves. Neither they nor 
their doctors had previously known of the existence of an 
abnormality.’ Some may previously have had only a click or 
no abnormal physical signs to show for it (even had they 
chanced to see a cardiologist) and they had not been in line 
for prophylaxis. Few, incidentally, gave a history of recent 
dental work. It is well known but not emphasized that, al- 
though certain abnormalities are more susceptible to infection 
than others,* normal hearts are not immune—and normal 
hearts are more numerous than abnormal hearts. 

Most dental extractions are done outside the hospital and 
under local anesthesia. Durack himself, when he was in Ox- 
ford, carried out a survey which showed that prophylaxis was 
only given in the (then) recommended way by 8 percent of the 
local dentists but this was not because of ignorance of what 
should have been done.? Parenteral prophylaxis will never 
work in England except in hospital dental practice because 
our dentists do not have the equipment for or nurses to give 
intramuscular injections. It is logistically almost impossible 
for a patient to establish a liaison between doctor and nurse 
in one place and the dentist in another toward the goal of an 
injection 1 hour before the extraction. 

The link between dental extraction (or other work) and 
endocarditis is conjectural, based on common sense but not 
on evidence. Low grade bacteremia may occur even during 
chewing or defecation. As with diseased and normal hearts 
severe bacteremia may be more dangerous but low grade 
bacteremia is more frequent. 

We make the following suggestions: 

(1) Because susceptible individuals cannot be recognized, 
prophylaxis should be given to everyone before predictable 
heavy bacteremia. (2) Prophylaxis should be easy or it will not 

‘be given. The American Heart Association recommendations 
are impracticable. We have advocated administration of oral 
amoxycillin, 3 g, 1 hour before dental extraction, the drug to 
be stocked by the dentist and handed out to all patients before 
extraction, sealing or major fillings. Patients who give a history 
of penicillin sensitivity should receive 2 g of erythromycin also 
orally. 

Shanson et al.? have shown and we have confirmed in our 
hospital that amoxycillin prevents bacteremia after dental 
extraction. Our dental department finds this drug easy to 
administer and very acceptable to patients. Patients having 
general anaesthetic agents should of course be given intra- 
muscular penicillin and gentamicin but they will normally 


always be in a hospital or clinic where an injection causes no 
difficulty. The same considerations apply to patients under- 
going other bacteremia-producing procedures that are nor- 
mally carried out in the hospital and in whom appropriate 
intramuscular antibiotic agents should be given as recom- 
mended by the American Heart Association. 


Celia M. Oakley, MD, FRCP, FACC 
J. H. Darrell, MB, MC Path 
Royal Postgraduate Medical School 
Hammersmith Hospital 
London, England 
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We agree that the unanswered questions on prophylaxis of 
bacterial endocarditis are legion, and have repeatedly taken 
pains to point this out.!-4 The AHA Prophylaxis Failure 
Registry represents a modest attempt to gather information 
on one of these questions: Do any prophylaxis failures occur 
among susceptible patients receiving antibiotic drugs for at- 
tempted prophylaxis of endocarditis? So far, we have received 
notification of 23 apparent prophylaxis failures, most after 
treatment with oral penicillin. These cases are currently being 
analyzed and the data will be reported. 

The suggestion that all patients undergoing common dental 
procedures should receive antibiotic prophylaxis for endo- 
carditis is unprecedented. Lest anyone take it too seriously, 
we offer the following simple cautionary notes: 

1. Any proposal to administer any drug to large numbers 
of normal people should be critically examined before it is 
recommended or adopted. Apart from vaccines, vitamins and 
antimalarial drugs, there is no precedent for indiscriminately 
giving drugs to normal people. What is the risk-benefit ratio? 
This probably cannot be calculated, and adverse reactions, 
possible resulting increase in resistance of normal flora to the 
penicillins, monetary costs and the need for properly informed 
patients consent must all be considered. 

2. Anaphylactic reactions to oral penicillin are well de- 
scribed, and are occasionally fatal.^9 Among 28 cases reviewed 
by Batson,” 13 patients (46 percent) had no previous history 
of penicillin allergy, most reacted to the first oral dose of 
penicillin and 2 patients died. Res ipsa loquitur. 

Alan L. Bisno, MD 

David T. Durack, DPhil, MD 
Edward L. Kaplan, MD 

College of Medicine 
Department of Medicine 
Division of Infectious Diseases 
The University of Tennessee 
Center for the Health Sciences 
Memphis, Tennessee 
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MEDICAL VERSUS SURGICAL TREATMENT 
FOR BACTERIAL VEGETATIONS 


Stafford et al.! described the disappearance, after medical 
treatment, of bacterial vegetations diagnosed with serial M 
mode or two dimensional echocardiography. Two of their six 
patients had cerebral embolization. One had features of aortic 
vegetation prolapsing into the left ventricle. 

The authors state that it is difficult to detect these changes 
because most of the patients with vegetations required early 
valve replacement for intractable heart failure. 

I believe that the true question is whether medical treat- 
ment alone is sufficient for a patient with bacterial vegetations 
diagnosed with echocardiography, particularly when these 
vegetations are shown to be mobile on two dimensional 
echocardiography or are prolapsing into the left ventricle. 

I believe that it is not sufficient. At present, the risk of 
surgery in active endocarditis is about 10 or 15 percent.? The 
risk of embolization from a bacterial vegetation is totally 
unknown. Moreover, cerebral embolism is an obstruction to 
extracorporeal circulation. 

In our institution, the discovery of bacterial vegetations on 
echocardiography is an indication for emergency surgery. If 
apyrexia can be achieved in the preceding 24 or 48 hours, the 
result of surgical treatment is better, but even if it is not 
achieved, I believe that surgical treatment is necessary in these 
cases. 


J. J. Roux, MD 

Clinique de Chirurgie Thoracique 
Centre Cantini 

Marseilles, France 
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Roux apparently believes that all patients with vegetations 
visualized on echocardiography and particularly those with 
mobile vegetations should be subjected to early valve re- 
placement to prevent cerebral embolization. This unsup- 
ported contention is contrary to our experience! ? and to that 
of others.? Although the visualization of a vegetation on 
echocardiography is a poor prognostic sign, a substantial 
number of patients with this finding do well with medical 
therapy alone. It is hazardous to base a prediction of outcome 
solely on the echocardiographic appearance of a vegetation. 
Proper management of patients with vegetations must con- 
tinue to be based on clinical integration of multiple factors. 
Intractable congestive heart failure remains the primary in- 
dication for emergency valve replacement. Prevention of ce- 
rebral embolization is as yet an unproved indication for valve 
replacement. Both patients in our medically treated series who 
had cerebral emboli did quite well and sustained little per- 
manent neurologic impairment. The role of echocardiography 
in predicting the natural history of embolization due to in- 
fective endocarditis and its effect on treatment planning re- 
main to be established. It is premature to recommend im- 
mediate valve replacement for all patients with echocardi- 
ographically visible vegetations. 


L. Samuel Wann, MD, FACC 
Division of Cardiology 

The Medical College of Wisconsin 
Milwaukee, Wisconsin 
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CALENDAR OF EXTRAMURAL PROGRAMS 





The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the Continuing 
Education Committee for Extramural Programs 
assumes the overall responsibility for the 
caliber of the postgraduate education and the 
relevance to the practice of cardiology. This 
is accomplished by the processes of meticu- 
lous scrutiny of the objectives, analysis of the 
educational methods, and studying the impact 
of each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The Continuing Education Committee 
for Extramural Programs of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 





DECEMBER 1980 THROUGH MARCH 


1980 
To be Preceptorships in Cardiology. Arthur 
arranged  Seizer, FACC, director, Pacific Medical 
individu- — Center, San Francisco, CA 
ally 
To be Preceptorships in Cardiology. Jules 
arranged Constant, FACC, director. Buffalo Gen- 
individu- eral Hospital, Buffalo, NY 
ally 
DEC. Two-Dimensional Echocardiography 


4-6 vs. Cardiac Nuclear Imaging. Joel 
Morganroth, FACC, director and Leonard 
S. Dreifus, FACC and Gerald M. Pohost, 
FACC, co-directors. The Franklin Plaza 
Hotel, Philadelphia, PA 


DEC. Coronary, Hypertensive, Valvular and 
7-10 Myocardial Heart Diseases: The 
Multi-Disciplinary Approach. William C. 
Roberts, FACC, director. Williamsburg 
Conference Center, Williamsburg. VA 


DEC. Cardiovascular Disease: Achievements 
12-14 and Challenges 1980. Henry |. Russek, 
FACC, director, Sheraton Centre, New 
York, NY 
1981 
JAN. Twelfth Annual Cardiovascular Con- 
12-16 ference at Snowmass. John H. K. 


Vogel, FACC, director and Bruce C. 


Paton, FACC, co-director. Opticon 
Theatre, Snowmass Resort, Snowmass, 


CO 
FEB. Clinical Echocardiography 1981— 
2-4 M-Mode, 2-Dimensional and Pulsed 


Doppler Techniques, Pravin M. Shah, 
FACC, director and John S. Child, FACC, 
Joseph K. Perloff, FACC, and Maylene 
Wong. co-directors. Sheraton Harbor 
Island Hotel, San Diego, CA 


FEB. Calcium (Slow Channel)-Inhibiting 

9-11 Drugs in Cardiovascular Therapy: 
Mechanism of Action and Application. 
Borys Surawicz, FACC and Attilio Mas- 
eri, FACC, directors. New Orleans 
Marriott, New Orleans, LA 


FEB. Ventricular Arrhythmias and Sudden 
Cardiac Death. Thomas B. Graboys, 
FACC and Bernard Lown, FACC, direc- 
tors. Sheraton Boston Hotel, Boston, 


MA 
MAR. Electrocardiographic Interpretation of 
30- Complex Arrhythmias: A Physiological 
APR. Approach. Charles Fisch, FACC and 
3 Douglas P. Zipes, FACC, directors. 


Krannert Institute of Cardiology, Indiana 
University Medical Center, Indianapolis, 


IN 
APR. Cardiology for the Consultant: A Clini- 
6-15 cian's Retreat. E. Grey Dimond, FACC 


and James E. Crockett, FACC, directors. 
Rancho Santa Fe Inn, Rancho Santa Fe, 
CA 
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1981 

APR. New Diagnostic and Therapeutic 

16-18 Modalities in Cardiology. Edmund H. 
Sonnenblick, FACC and James 
Scheuer, directors. Grand Hyatt New 
York, New York, NY 

APR. Contemporary Phonocardiography. 

23-24 Morton E. Tavel, FACC, director. Meth- 
odist Hospital, Indianapolis, IN 

APR. Consultant’s Course in Cardiology. 

27- Richard Gorlin, FACC, Louis E. Teich- 

MAY holz, FACC, Simon Dack, FACC and 

1 Ephraim Donoso, FACC, directors. 
Mount Sinai Medical Center, New York, 
NY 

APR. Vectorcardiography—An Advanced 

29- Workshop. Alberto Benchimol, FACC, 

MAY director. Scottsdale Hilton Hotel, 

1 Scottsdale, AZ 


MAY The Pathology of Acquired Heart Dis- 
7-9 ease and of the Conduction System. 


Jesse E. Edwards, FACC, Maurice Lev, 
FACC and Saroja Bharati, FACC, di- 
rectors. Radisson Hotel, St. Paul, MN 


MAY Cardiovascular Emergencies. Arthur 
7-9 Selzer, FACC and Richard Pasternak, 


co-directors. The Mark Hopkins, San 
Francisco, CA 


MAY Practical Cardiology for the Primary 
7-9 Care Physician, Leonard S. Dreifus, 


FACC and Joel Morganroth, FACC, di- 
rectors. Sarasota Hyatt Hotel, Sarasota, 
FL 
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MAY Clinical Auscultation of the Heart. W. directors. Sheraton Atlanta Hotel, At- DeMaria, FACC and William F. Fried- 
13-15 Proctor Harvey, FACC, director and lanta, GA man, co-directors. Snowbird Confer- 
Antonio C. de Leon, Jr., FACC and John ence Center, Snowbird Ski and Summer 
F. Stapleton, co-directors. Gorman MAY Sixth Annual Symposium on Cardio- Resort, Snowbird, UT 
Building Auditorium, Georgetown Uni- 28-31 vascular Nursing. Henry J. L. Marriott, 
versity Medical Center, Washington FACC and Leo Schamroth, FACC, di- AUG. Tutorials in the Tetons: Cardiac Emer- 
DC rectors. Carillon Hotel, Miami Beach, 29-31 gencies—New Diagnostic and Thera- 
FL peutic Advances (Seventh Annual). 
Robert S. Eliot, FACC, director. Jackson 
dyn Eo ier Sa dare Jechniques— — JUNE The Patient with Arrhythmia—A Clini- Lake tadas, Moran, WY 
5 Se eh Win MN 0 17-19 cal Approach. Ross D. Fletcher, FACC 
VVeHdiar, PN ate ude and W. Proctor Harvey, FACC, directors. 
FACC, directors and Franklin E. Hull, Gorman Building Auditorium, George- 
FACS $ Gs TE, jo ang "on town University Medical Center, Wash- 
Rubenfire, FACC, co-directors. Detroit ington, DC 
Plaza Hotel, Renaissance Center, De- i 
new JUNE Eighth Annual Symposium on Clinical 
30- Echocardiography: Current Applica- 
MAY Modern Cardiology. J. Willis Hurst, JULY tions and New Developments. Arthur D. 
18-22 FACC and Robert C. Schlant, FACC, 3 Hagan, FACC, director and Anthony N. 


Cardiology Board Review Program 


September 9-11 1981 


UPDATE IN CARDIOLOGY 


Atlanta, Georgia 


Presented by: THE AMERICAN COLLEGE OF CARDIOLOGY 


Directors: 


J. WILLIS HURST, MD, FACC 


and 


ROBERT C. SCHLANT, MD, FACC 
For brochure and further information contact: 
Registration Secretary 
Extramural Programs Department 
American College of Cardiology 
9111 Old Georgetown Road 
Bethesda, Maryland 20014 
Telephone; 301 897-5400 
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zARNING CENTER: PROGRAM CALENDAR 


e American College of Cardiology's Learning Center is located at 
? College's headquarters in Bethesda, Maryland. The purpose of the 
arning Center is to support professional commitment to quality patient 
re by providing a standard of excellence in continuing medical edu- 


AMERICAN COLLEGE OF CARDIOLOGY NEWS 


For additional information or a complete program calendar, contact the 
Program Registrar, Heart House Learning Center, American College 
of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
Telephone (301) 897-5400. 


tion. 











LEARNING CENTER PROGRAMS: JANUARY to JULY, 1981 


rogram 
lumber Date Program Director Title of Program 
308 January 12-13 William Grossman, MD The Role of the Cardiac Catheter in the Patient with Heart Disease 
309 January 15-16 Winston E. Guam, MD and Cardiac Electrophysiology and Rhythm Disorders in Pediatrics 
Samuel Kaplan, MD 
334 February 5-6 August M. Watanabe, MD Fundamental Cardiac Biochemistry for the Cardiologist 
333 February 12-14 H. J. C. Swan, MD Newer Concepts and Directions in the Treatment of Heart Failure 
Associated with Coronary Heart Disease 
310 February 16-18 Sylvan Lee Weinberg, MD Clinical Update for Nurses: The Coronary Care 
Unit and Acute Myocardial Infarction 
311 February 23-25 William C. Roberts, MD Congenital Heart Disease: The Multidisciplinary Approach 
312 March 2-4 Nanette K. Wenger, MD Rehabilitation of the Cardiac Patient 
313 March 30-31 Jere H. Mitchell, MD Cardiovascular Benefits and Risks of Exercise 
314 April 1-3 J. O'Neal Humphries, MD Coronary Heart Disease: New Management Methods 
315 April 8-10 Victor Parsonnet, MD Current Concepts in Pacing 
316 April 13-15 Keith Cohn, MD Exercise Testing: Diagnostic and Physiological Considerations 
317 April 20-22 Pravin M. Shah, MD Current Applications of Echocardiography: M-Mode, 
Two-Dimensional and Pulse Doppler Techniques 
318 April 23-25 Daniel S. Berman, MD Nuclear Cardiology 
319 April 27-28 Leonard S. Dreifus, MD and Computer Electrocardiology: Present Status and Hope for the 
Frits L. Meijler, MD Future 
320 April 30, May 1-2 John A. Spittell, MD Peripheral Vascular Disease 
321 May 6-8 Marvin |. Dunn, MD Electrocardiography for Critical Care Nurses 
322 May 11-13 Abdul J. Tajik, MD and The Role of Two-Dimensional Echocardiography in the Clinical 
James B. Seward, MD Practice of Cardiology 
323 May 14-16 G. Charles Oliver, MD Ubiquitous PVC 
324 May 18-20 William J. Mandel, MD His Bundle Electrocardiography: Contributions to the Clinical 
Understanding of the Electrocardiogram 
325 May 28-29 Robert O. Brandenburg, MD Cardiology for the Consultant 
326 June 1-3 Shahbudin H. Rahimtoola, MD Valvular Heart Disease 
328 June 8- 10 Borys Surawicz, MD Changing Role of Electrocardiography in the Clinical Practices 
(tentative) 
327 June 11-13 Robert G. Tancredi, MD Management of Pulmonary, Renal and Electrolyte Disorders in 
Cardiac Patients 
329 June 15-17 Robert A. O'Rourke, MD Detection of Cardiac Disease by Physical Examination 
302 June 22-24 Paul C. Gillette, MD Decisions in Clinical Pediatric Cardiac Surgery 
331 June 29-30, July 1 B. Leonard Holman, MD Nuclear Cardiology 
330 July 8-10 Michael R. Rosen, MD Clinical Pharmacology and Electrophysiology of Antiarrhythmic 
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AMERICAN COLLEGE OF CARDIOLOGY 


Announces... 
AFFILIATE IN TRAINING MEMBERSHIP 


For Physicians in Cardiovascular Related Training Programs 


Candidates for this membership category must be current full-time trainees in a recognized 
cardiovascular (adult, pediatric, surgical) related program in fulfillment of requirements for ad- 
mission to a subspecialty board examination which holds membership in the American Board 
of Medical Specialties. Upon completion of training and in order to maintain an affiliation with 
the College, the members are encouraged to apply to the Credentials Committee for status as 
an Associate Fellow or regular Affiliate. 


The application for Affiliate in Training must be signed by the Director of the applicant's training 
program and two sponsors, both of whom must be Fellows of the College. One of the sponsors 
may be the Director of the training program, provided he is a Fellow of the College. The annual 
dues for an Affiliate in Training are $25.00. 


4. 
5. 


Advantages to the Affiliate in Training 


. Subscription to The American Journal of Cardiology, the official journal of the 


College. 


. Reduced fees for all educational programs of the College. 


. Preference for enrollment in programs sponsored by the College with a limited 


registration. 
Receipt of the quarterly publication, Cardiology, the newsletter of the College. 


Participation in all affairs of the College as a member rather than as a guest of 
the College. 


Those desiring an application form should write to Director, Membership Department, 
American College of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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ARDIOLINE 





'ARDIOLINE - thirty years of 
xperience in the field of recording 
lectromedical phenomenon and 

f collaboration with the medical 
rofession. 

‘ARDIOLINE - technology and 
now-how resulting from daily 
varketing and the diligent 
evelopment of cardiological 
quipment throughout the world. 
‘ARDIOLINE - in hospitals, 
iagnostic centres, outpatient clinics 
nd private medical studios - 

living presence. 


ARDIOLINE equipments are made 
| accordance with the most 


stringest international Safety 
Standards (I.E.C. 601/1 [B] 8 ). 

In addition, they are based on a 
"completely modular" concept; they 
can be run both on mains supply or 
on battery and are therefore 
completely reliable in all places 
under all conditions. 

In short, eta-system stands for 
accurate and essential design made 
in functional and practical materials. 
Thanks to these "guarantees" 

the Cardioline eta-system appliances 
have become a constant aid in the 
support and at the service of the 
medical profession. 





3-channel poligraph, double console 
housing, composed by: 


» 3-channel ECG recorder and lead 


selector 

phono set 

pulse set 
sphygmo-oscillography set 
telemetry set 

3-channel memory monitor 







20060 S. Pedrino di Vignate 
Milano - Italy 
02) 95.61.68-95.61.84 - 95.60.41 
Telex: 334406 - OCMER- 
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propranolol HCI) 


works, the anginal heart 
Joesn' t have to work so hard. 


onsider the anginal heart at stress: It works harder, faster. 

{eeds more oxygen. Pumps harder, faster still. Strives for more 
xygen— with pain. Anginal attack means more nitroglycerin. 
ind that means faster heart rate. The cycle repeats. 








onsider Inderal: It reduces heart rate —therapeutically —by some 12 
eats a minute." 720 fewer beats per hour. Some 6 million fewer beats 
er year. That means less work for the anginal heart. Less oxygen 
emand by the myocardium. Fewer anginal attacks. Less need for 
ublingual nitroglycerin. More tolerance for exercise—and more 
'eedom of action. 


eduction in heart rate is modest: should not be cause for concern.’ 

he relatively low dosages required for angina prophylaxis (an average 
f 160 mg/day) produce few, if any, serious adverse reactions, which 

1 any case are readily recognized and controlled. 


/ith proper patient selection—in the absence of bronchial asthma, 
inus bradycardia, or heart block greater than first degree —risk of 
recipitating cardiac failure is extremely rare. And withdrawal prob- 
ms may be avoided by reducing dosage gradually —rather than 
bruptly.* 


onsider too: There is also a favorable redistribution of perfusion to 
e vulnerable subendocardium.* And, in patients who may still need 
itroglycerin p.rn., INDERAL will cancel the undesirable increase 
| heart rate and contractility. 


'escribe INDERAL with confidence. E ffec- IN 2 
ve. Reliable. For patients with moder- 


e to severe angina in whom conven- (PROPRANOLOL HCI) 


onal measures have failed. TODAY'S 40mg 80mg tabs. 
r full information on Contraindications, Precautions, Adverse Reac- 
is, and Warnings, including avoidance of abrupt withdrawal, please H 5 N [s H MARK 


sult the prescribing information on the following page. 
- =, mw 14 "P Is 
erst. "m H w A E 














Fe ihar i ni ria Te eT VE a ee ee ea 
BRIEF SUMMARY - eure! Ago. t FT BAP Os 
(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 

Inderal® BRAND OF 

PROPRANOLOL HYDROCHLORIDE 

A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 





ACTIONS 
Beta receptor blockade is useful in conditions in which, because of pathologic or functional 
changes, sympathetic activity is excessive or inappropriate and detrimental to the patient. But 
there are also situations in which sympathetic stimulation is vital. For example, in patients with 
severely damaged hearts, adequate ventricular function is maintained by virtue of sympathetic 
drive which should be preserved In the presence of AV block, beta blockade may prevent the 
necessary facilitating effect of sympathetic activity on conduction. Beta blockade results in 
bronchial constriction by interfering with adrenergic bronchodilator activity which should be 
preserved in patients subject to bronchospasm, 

The proper objective of beta blockade therapy is to decrease adverse sympathetic stimula- 
tion but not to the degree that may impair necessary sympathetic support. 

Propranolol may reduce the oxygen requirement of the heart at any given level of effort by 
blocking catecholamine-induced increases in heart rate, systolic blood pressure, and the 
velocity and extent of myocardial contraction. On the other hand, propranolol may increase 
Oxygen requirements by increasing left ventricular fiber length, end diastolic pressure, and 
systolic ejection period. 

If the net physiologic effect of beta adrenergic blockade in angina is advantageous, it would 
be expected to manifest itself during exercise by delayed onset of pain due to decreased oxy- 
gen requirement. "M 


INDICATION à; 
Angina Pectoris Due to Coronary Atherosclerosis: The initial treatment of angina pectoris 
involves weight control, rest, cessation of smoking, use of sublingual nitroglycerin, and avoid- 
ance of precipitating circumstances. INDERAL is indicated in selected patients with moderate 
to severe angina pectoris who have not responded to these conventional measures. 
Propranolol should not be used in patients with angina which occurs only with considerable 
effort or with infrequent precipitating factors. 

INDERAL exerts both favorable and unfavorable effects, the preponderance of which may be 
beneficial. (See ACTIONS Section.) INDERAL should not be continued unless there is reduced 
pain or increased work capacity. 

Because of the potential for adverse results, treatment should be carefully monitored. The 
patient should also be reevaluated periodically since the dosage requirement and the need to 
continue INDERAL may be altered by clinical exacerbations or remissions. (See DOSAGE AND 
ADMINISTRATION.) 

Additional studies of the effects of INDERAL in angina pectoris patients are in progress to 
better evaluate and define the proper role of INDERAL in this condition. 


CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen season; 
3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock; 5) right ventric- 
ular failure secondary to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) 
unless the failure is secondary to a tachyarrhythmia treatable with INDERAL; 7) in patients on 
adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and during the two 
week withdrawal period from such drugs. 


WARNINGS 

CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory func- 
tion in congestive heart failure, and inhibition with beta-blockade always carries the potential 
hazard of further depressing myocardial contractility and precipitating cardiac failure. 
INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart muscle 
(.e., that of supporting the strength of myocardial contractions). In patients already receiving 
digitalis, the positive inotropic action of digitalis may be reduced by INDERAL's negative inotrop- 
ic effect. The effects of INDERAL and digitalis are additive in depressing AV conduction 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of 
impending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the 
response observed closely. a) if cardiac failure continues, despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be immediately withdrawn; b) if tachyarrhythmia is 
being controlled, patients should be maintained on combined therapy and the patient closely 
followed until threat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of angina 
and, in some cases, myocardial infarction, following abrupt discontinuation of INDERAL 
therapy. Therefore, when discontinuance of INDERAL is planned the dosage should be 
gradually reduced and the patient carefully monitored. In addition, when INDERAL 

is prescribed for angina pectoris, the patient should be cautioned against interruption or 


cessation of therapy without the physician's advice. If INDERAL therapy is interrupted 

and exacerbation of angina occurs, it usually is advisable to reinstitute INDERAL therapy 
and take other measures appropriate for the management of unstable angina pectoris. 
Since coronary artery disease may be unrecognized, it may be prudent to follow the above 
advice in patients considered at risk of having occult atherosclerotic heart disease, 

who are given propranolol for other indications. 





IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use have 
not been adequately appraised. Special consideration should be given to propranolol's poten- 
tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
ing or continuing hyperthyroidism or complications and give a false impression of improvement 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
slowly. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- 
ported in which, after propranolol, the tachycardia was replaced by a severe bradycardia re- 
quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated carefully when administered for arrhythmias 
occurring during anesthesia 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and 
physiologic effects are gone according to available evidence. However, in case of emergency 
surgery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can be 
reversed by administration of such agents, e.g., isoproterenol or levarterenol. However. 
such patients may be subject to protracted severe hypotension. Difficulty in restarting and 


Ty Te ! Sr SRS INE) EA eM ee Ce! I ae 
Mw mM Lf maintaining the heart beat has also! ‘been reported. 


IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRONC 
EMPHYSEMA), INDERAL should be administered with caution since it may block bronct 
tion produced by endogenous and exogenous catecholamine stimulation of beta recep! 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adre 
blocking activity, INDERAL may prevent the appearance of premonitory signs and symp 
(pulse rate and pressure changes) of acute hypoglycemia. This is especially important t 
in mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by 
cipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es 
tablished. Use of any drug in pregnancy or women of childbearing potential requires the 
possible risk to mother and/or fetus be weighed against the expected therapeutic bene! 
bryotoxic effects have been seen in animal studies at doses about 10 times the maximur 
ommended human dose. 


PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should be closely ¢ 
served if INDERAL is administered. The added catecholamine blocking action of this dr 
then produce an excessive reduction of the resting sympathetic nervous activity. Occas 
the pharmacologic activity of INDERAL may produce hypotension and/or marked brad} 
resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be 
served at regular intervals. The drug should be used with caution in patients with impair 
or hepatic function. 


ADVERSE REACTIONS 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypot 
paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocytope 
purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomni 
tude, weakness, fatigue; reversible mental depression progressing to catatonia; visual c 
bances; hallucinations; an acute reversible syndrome characterized by disorientation fc 
and place, short term memory loss, emotional lability, slightly clouded sensorium, and d 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhee 
stipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with ac 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic pu 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skii 
ous membranes and conjunctivae reported for a beta blocker (practolol) have not been 
sively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe h 
ease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 

The dosage range for INDERAL is different for each indication. 
ORAL 

ANGINA PECTORIS— Dosage must be individualized. Starting with 10-20 mg three o 
times daily, before meals and at bedtime, dosage should be gradually increased at thre 
seven day intervals until optimum response is obtained. Although individual patients mé 
spond at any dosage level, the average optimum dosage appears to be 160 mg per da: 
angina pectoris, the value and safety of dosage exceeding 320 mg per day have not be 
established. 

If treatment is to be discontinued, reduce dosage gradually over a period of several w 
(See WARNINGS.) 


PEDIATRIC DOSAGE 
At this time the data on the use of the drug in this age group are too limited to permit a 
quate directions for use. 


OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWIN( 
SURES SHOULD BE EMPLOYED: 

BRADYCARDIA — ADMINISTER ATROPINE (0.25 to 1.0 mg). IF THERE IS NO RESP! 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE— DIGITALIZATION AND DIURETICS 

HYPOTENSION— VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE (THE 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE) 

BRONCHOSPASM — ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED 
INDERAL 

TABLETS (propranolol! hydrochloride) 

No. 461 —Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles of 
1,000. Also in unit dose package of 100. 

No. 462 — Each scored tablet contains 20 mg of propranolol hydrochloride, in bottles of 
1.000. Also in unit dose package of 100. 

No. 464 — Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 
1,000. Also in unit dose package of 100. 

No. 468 — Each scored tablet contains 80 mg of propranolol hydrochloride, in bottles of 
1.000. Also in unit dose package of 100. 


INJECTABLE 
No. 3265 — Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. TI 
adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 


References: 1. Dagenais, G.R., Pitt, B., and Ross, R.S.: Am. J. Cardiol, 28:10 (July) 197 
2. Ginn, W.M., and Orgain, E.S.: J.A.M.A. 198:192 (Dec. 12) 1966. 3. Zeft, H.J., Patterso 
and Orgain, E.S.: Arch. Intern. Med. 124:578 (Nov.) 1969. 4. Dunér, H., and Pernow, B... 
Med. Scand. 194:517 (Dec.) 1973. 5. Zsotér, T T, and Beanlands, D.S.: Arch. Intern. Me 
124:584 (Nov.) 1969. 6. Wiener, L., Dwyer, E.M., and Cox, J.W.: Circulation. 39:623 (May 
7. Shand, D.G.: Drug Therapy 8:53 (July) 1978. 8. Cohen, L.S., in Braunwald, E. (ed): B 
Adrenergic Blockade, A New Era in Cardiovascular Medicine: Proceedings of an Interr 
Symposium, New York, Excerpta Medica/Elsevier, 1978, pp. 143-151. 
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For The Cardiologist 
Who Wants The Ultimate 


In Ultrasound Controls. 


Toshiba’s high speed SSH- 
10A ultrasound electronic 
sector scanner produces an 
altra fine diagnostic image. 

Over 16 different 
darameters can be modified 
3y the cardiologist to 
naximize image quality in 
elation to specific patient 
:haracteristics. 

Valve movement, 
:hamber size and details of 
he internal structure of the 
Yeart can all be clearly 
»bserved, measured and 
liagnosed. Wide range 
ector angle is a full 78°. 

A clear real time, cross 
ectional B mode image of 
he heart structure is 
ibtained by simply 
ositioning the probe on the 
hest wall. 

Displayed on the C.R T. 
vith the B mode image are 
ionfade ECG and patient 
D. Two angles of the M 
node image can also be 
isplayed simultaneously on 



































a second C.R.T. and/or a 
strip recorder. 

Two UCG traces, M mode 
tracing and Kymograph 
studies are additional 
capabilities. 

In short, the SSH-10A 
gives you the maximum 
ultrasound information from 
one mobile unit. So get full 
information on it now. 
Contact your local Toshiba 
representative. 


Toshiba Medical Systems, 
UT 1154 Dominguez, 
Carson, CA 90745 


SSH-10A Features: 

e Complete Mobility 

e Superior Resolution of 
Electronic Sector Scanning 

e Dual M Mode 

* 4 Channels of Physiological 
Monitoring 

* Real Time B Mode Cross 
Sectional Image with ECG 
and Patient I.D. 

* Flexibility for All General 

Pediatric and Adult 

Applications 












Left: 
Dual channel 
M mode 
showing 
simultaneously 
aorta and 
mitral 
function. 













Right: 
Long axis left 
heart. 
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Time is the test of all things. 































































BRIEF SUMMARY 
Kaon® Elixir (potassium gluconate) Grape or Lemon-Lime Flavo 
$ Sugar-Free 
* Description: Each 15 ml (tablespoonful) supplies 20 mEq of elemental 
(as potassium gluconate, 4.68 g) with saccharin and aromatics. Alcohol 
Indications: Kaon Elixir is indicated for the treatment of potassium dej 


P patients with hypokalemia and for the treatment of digitalis intoxication. 

AUS 2 d o Elixir is also indicated for the prevention of potassium depletion when tt 
cater intake of potassium is inadequate for this purpose. The prophylactic adm 

i p. ; A of potassium ion may be indicated in patients receiving digitalis and diuret 
s t C treatment of congestive heart failure; hepatic cirrhosis with ascites, patients 


x hypertension on long-term diuretic therapy; patients on corticosteroid therar 
po hyperaldosteronism states with normal renal function; the nephrotic syndrom« 
I certain diarrheal states. 
; FR Contraindications: Potassium supplements are contraindicated in patients wit 
ae kalemia since a further increase in serum potassium concentration in such patients 
WE, aia produce cardiac arrest. Hyperkalemia may complicate any of the following conditior 
x renal failure, systemic acidosis such as diabetic acidosis, acute dehydration, extensive 1 
breakdown as in severe burns, adrenal insufficiency, or the administration of a potassiur 
diuretic (e.g. spironolactone, triamterene). 
Warnings: Do not administer full strength. Kaon Elixir may cause gastrointestinal irritation 
M tered undiluted. For details regarding adequate dilution, see Dosage and Administration. 
E In patients with impaired mechanisms for excreting potassium. the administration of potassiur 
produce hyperkalemia and cardiac arrest. This occurs most commonly in patients given potassium by 
intravenous route but may also occur in patients given potassium orally. Potentially fatal hyperkalemi, 
develop rapidly and be asymptomatic. The use of potassium salts in patients with chronic renal 
disease, or any other condition which impairs potassium excretion, requires particularly can 
monitoring of the serum potassium concentration and appropriate dosage adjustment. 
Hypokalemia should not be treated by the concomitant administration of potassium 
and a potassium-sparing diuretic (e.g. spironolactone or triamterene) since the simultar 
administration of these agents can produce severe hyperkalemia. 
Precautions: The diagnosis of potassium depletion is ordinarily made by demonstrat 
hypokalemia in a patient with a clinical history suggesting some cause for potassium de 
tion. In interpreting the serum potassium level, the physician should bear in mind that: 
alkalosis per se can produce hypokalemia in the absence of a deficit in total body 
potassium, while acute acidosis per se can increase the serum potassium conc 
tion into the normal range even in the presence of a reduced total body pote 
sium. The treatment of potassium depletion, particularly in the presence ol 
cardiac disease, renal disease, or acidosis, requires careful attention to at 
base balance and appropriate monitoring of serum electrolytes, the el 
cardiogram, and the clinical status of the patient. 
In hypokalemic states. especially in patients on a low-salt di 
hypochloremic alkalosis is a possibility that may require 
chloride as well as potassium supplementation. In the 
circumstances, potassium replacement with potassiul 
chloride (e.g. Kaochlor 10% Liquid. W-T) may be r 
advantageous than with other potassium salts. Ho 
Kaon can be supplemented with chloride. Ammon 
chloride is an excellent source of chloride ion (18.7 n 
per gram) but it should not be used in patients with her 
cirrhosis where ammonium salts are contraindicated. 
Adverse Reactions: Nausea. vomiting, diarrhea, a: 
abdominal discomfort have been reported. The sy! 
toms and signs of potassium intoxication include 
paresthesias of the extremities, flaccid paralysi: 
listlessness, mental confusion. weakness and | 
iness of the legs. fall in blood pressure. cardia: 
rhythmias, and heart block. 
Overdosage: The administration of oral pot: 
salts to persons with normal excretory mechar 
for potassium rarely causes serious hyperkalem 
However, if excretory mechanisms are impaired | 
potassium is administered too rapidly intravenous! 
tentially fatal hyperkalemia can result (see Contraind 
ins and Warnings). It is important to recognize that hyp 
fis usually asymptomatic and may be manifested only | 
ga serum potassium concentration and characteristic electrocardi 
phic changes (peaking of T-waves. loss of P-wave, depression of S-T 
nd prolongation of the QT interval). Late manifestations include 
isele paralysis and cardiovascular collapse from cardiac arrest 
OW Supplied: Pints and gallons in Grape and Lemon-Lime flavors: 1 
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Take a close look at Compu-Scan 
The future in Holter Technology 


‘inaccuracy of first and 

‘ond generation Holter 

opic Counters is legend. 

se analog-based voltage 
asurements have proven so 
ccurate in fact that most 

rs preferred to disbelieve the 
opic counters and count on 
ir own visual identification of 
normal beats. 


ut now there's Compu-scan 


'he eye that never looks away. 


ew generation in Holter 
ems, Compu-scan utilizes 
 3icrocompulter to build in 
mory an average or typical 
nplex for each patient. 
“normal” is constantly up- 
ed as the patient's activity 
inges. In microseconds, 
computer makes all of the 


calculations on each new 
QRS complex that the human 
mind would take minutes to 
determine. It's a quantum 
leap ahead in ectopic beat 
recognition . . . both in speed 
and accuracy. 


e Only Compu-scan can scan 
tapes produced on virtually 


any Holter recorder, cassette, 


reel to reel, direct recording 
or FM. 


e Ihe large 15" monitor 
provides over a minute of 
ECG on the screen at one 
time, plus up to 512 seconds 
in memory. 


e Complete summary reports 
and graphics are produced 
on Compu-scan's high speed 
line printer while summary 
graphs and reports are 
displayed in color on the 
Color-graphics display. 


e Modular in design, Compu- 
scan can be incorporated 
into your facility a step at 
a time as your needs dictate 
Take a close look at Compu: 
scan and you'll see the futur 
in Holter technology. 

For the complete Compu-Scar 


brochure, call us toll free, 
800-638-2896. 
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Hittman Medical Systems, Inc. 
9151 Rumsey Road 
Columbia, Maryland 21045 
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Distributed in Europe and the Middle East by Kontron International 


Compu-scan... the eye 
that never looks away 
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Pacesetter Systems 
symbol. 


What does it 


stand for? 


If you have a new address please print it 
below. You MUST include your ZIP code Post 
Office rules will not permit us fo send your 
magazine to you without it 


Pacesetter Systems, Inc.—our acronym is 
PSI—selected the Greek letter psi as its 


four chambers of the heart and also because 


BENE S. o onu ind 
of the classic Greek roots of medicine itself. 
The fact that the letter's spelling matches 
our own initials helps, too. ADDRESS es 
But more than those nice coincidences, and CITY STATE Zip 








the graphic neatness of the symbol itself, 
the Pacesetter Systems, Inc. symbol has 
come to mean a great deal more, to 
physicians and patients throughout the 
world. Today, as PSI continues to lead the 
entire pacer community with the 
development of sophisticated technology 
and advances in cardiac pacing, our symbol 
stands for the dedication, commitment, and 


painstaking quality control that goes into 
everything we make. And everything we do. 


Still another reason we're called Pacesetter. 


Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
OM 
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Pacesetter Systems. Inc. 


12884 Bradley Avenue, Sylmar, California 91342 USA 
Telex: 698415 ( Paceseter Sylm) 


CARDIOLOGIST, B.C. OR B.E., NEEDED TO JOIN GENERAL 
INTERNIST AND PULMONARY MEDICINE PHYSICIAN IN VERY 
ACTIVE PRIVATE OFFICE AND HOSPITAL PRACTICE LOCATED 


ON THE FLORIDA GULF COAST. PLEASE RESPOND TO: DRS. 
HAIK AND McCOY, 2000 LEWIS TURNER BOULEVARD, FORT 
WALTON BEACH, FL 32548. 
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MANAGEMENT 





OF ANGINA 
PECTORIS: 


To prevent or reduce 
anginal attacks 


Dilates both coronary and 
peripheral vessels 


Provides a prolonged response 





Four convenient, specifically indicated dosage forms: 


ISORDIL 5: onna 






to abort or prevent to facilitate to provide 
acute angina attacks titration of dosage to sustained 
SORDIL SUBLINGUAL prevent angina attacks prophylaxis 
Sublingual Tablets, 2.5 mg, 5 mg, and 10 mg ISORDIL® TITRADOSE** against angina 
SORDIE CHEWABLE Oral Tablets with E.Z. Split® scoring: 


;hewable Tablets, 10 mg 


*|ndications: Based on a review of this drug by the National Academy of 
Sciences — National Research Council and/or other information, FDA has 
classified the indications as follows: 

"Probably" effective: When taken by the sublingual or chewable route, 
Isordil Sublingual and Chewable Tablets are indicated for the treatment of 
acute anginal attacks and for prophylaxis in situations likely to provoke 
such attacks. 

"Possibly" effective: When taken by the oral route, Isordil is indicated for 
the relief of angina pectoris (pain of coronary artery disease). It is not 
intended to abort the acute anginal episode, but is widely regarded as 
useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 





contraindication: Idiosyncrasy to this drug. 

Narnings: Data supporting the use of nitrites and nitrates during the early 
Jays of the acute phase of myocardial infarction (the period during which clin- 
cal and laboratory findings are unstable) are insufficient to establish safety. 
Precautions: Tolerance to this drug and cross-tolerance to other nitrites and 
nitrates may occur. 


Aanaan i. 


smn l min mb mA lna 


5 mg, 10 mg, 20 mg, and 30 mg 


ISORDIL TEMBIDS* Capsules 
Sustained-Action Capsules, 40 mg 


Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a physio- 
logical antagonist to norepinephrine, acetylcholine, histamine, and many other 

i An occasional individual exhibits marked sensitivity to the hypotensive 

ects of nitrite, and severe responses (nausea, vomiting, weakness, restless- 

ness, pallor, perspiration and collapse) can occur even with the usual thera- 
peutic dose. Alcohol may enhance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


IVES LABORATORIES INC. 


Sues 
New York. NY 10017 ® 


DEDICATED TO IMPROVING THE QUALITY OF LIFE THROUGH MEDICINE® 


*US Pat Nos 3883647 and 0224591 (Titradose) 
TEMBIDS* — TRADEMARK FOR SUSTAINED- ACTION CAPSULES 
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Perhaps never before has there been a pacing system 


so responsive to your needs. 


With six programmable parameters (including am- 
plitude as high as 10 V) and the Vario® function, the 


versatile 668 generator offers more than 30,000 op- 


| 


erating combinations. 








The exclusive Vario function permits easy determi- 
nation of stimulation threshold—a check readily per- 
formed by support staff as part of standard routine. 


The Type 411S low-threshold, vitreous-carbon lead 
tip promises extended generator service life and an 
end to complications such as exit block and sensing 





THE COMPLETE MULTIPURPOSE 





| PACING SYSTEM 


THE MULTIPROGRAMMABLE PULSE GENERATOR 668. 
FROM SIEMENS-ELEMA—THE PEOPLE WHO PIONEERED 
THE FIRST IMPLANTABLE PACEMAKER IN 1958. 
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PROGRAM 


Programming 
unit for 668 gen- 
erator features 
simple and 


straightforward 
operation, can 


also be used as SS SIEMENS-ELEMA = 


pulse generator 17195 SOLNA SWEDEN 
test magnet. 


RATE imp/min 





J Magnet ow 


Plot of Vario func- 
tion displays battery 
test cycle initiated 
by test magnet fol- | 


lowed by Vario cycle 
for threshold check. 1 


eae seek X 


difficulties often associated with conventional elec- 
trode materials. 


All this, coupled with Siemens-Elema’s superb re- 
cord of reliability, suggests that the 668 pulse gen- 
erator used with the Type 411S carbon-tip lead truly 
defines the state of the art. 
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The porous charac- 
ter of the Type 411S 
vitreous-carbon 
lead tip inhibits fi- 4 
brotic tissue growth, à 
common with con- 


Magnified 
11X 


For clinical 
use only 


ventional tip mate- C 
rials, permitting low E 
initial and main- e. 
tained stimulation > 
threshold. = ' 
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Please write for specifications and clinical data. 


SIEMENS-ELEMA 


Siemens-Elema Pacemaker Systems, Div. of Elema-Schonander, Inc. 
1600 Jarvis Avenue, EIk Grove Village, IL 60007; (312) 981-4910 


World Headquarters, Pacemaker Division, S-171 95 Solna, Sweden 
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Radiopaque 


At last, intra-aortic marker 
balloon pumping 
without surgery. / 


Datascope introduces 


the PERCOR” balloon 
for percutaneous /. 
insertion. ls 







Balloon 










lliac artery 





Sheath 





Inguinal ring 


For all of its benefits, intra-aortic balloor 
pumping has had one ever-present shortcor 

ing. The balloon had to be inserted and 

removed surgically. 

Femoral The Datascope*PERCOR balloon" puts an 

artery end to all that. 

This remarkably innovative device is easily 
and quickly inserted through the skin, using tl 
Seldinger catheterization technique. 

The surgical insertion that used to take 20 to 
minutes is now completed without surgery in 
approximately 5 minutes. Further, removal is accon 
plished in minutes without surgery as well. 
With this new technique, it is apparent that intra-aortic balloc 
pumping, when indicated, will be used by more medical specialis 
in a wider variety of clinical settings for the benefit of increasing 
' numbers of patients. In the oper: 
| ing room, the catheterization lab 
CCU and emergency room. By t 
j surgeon, the radiologist, the 
cardiologist. 
| We would be pleased to send 
| you more information about our 
| revolutionary device and to 
| schedule a filmed demonstratior 
of its use. Call Robert Rewolinsk 
Manager, Cardiac Assist 
Products, at 201-265-8800 
or write him at Datascope Corp., 
Dept. #5-S, 580 Winters Avenue 


PERCOR™ balloon PERCOR™ inflated. Paramus, NJ 07652. 
ready for insertion. 


The Datascope PERCOR” intra-aortic ballooi 


Clinical reference: Preliminary Clinical Experience With Percutaneous Intra-Aortic Balloon Pumping (IABP), V. A. Subramanian, Jonathan Goldstein 
Thomas A. Sos, John C. McCabe, Eddie Hoover & William A. Gay, Jr., New York Hospital, New York, NY. Abstract published in CIRCULATION, Part | 
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“Doc, how about throwing out your Holter service? 
... Mynewmicro-processor based recorder 
' gives you only the beats you want...the really sick ones.” 





Rep: No, no, you don't under- 
stand. Our machine has been pre- 
programmed to record only the 
abnormal beats. Why waste time 
with all the unimportant stuff? 


*Doc:" I do understand...and J like 
to be the one to decide what's im- 
portant; to decide what's clinically 
significant or insignificant. 

Rep: But... 


*Doc:" How can I be sure that 
thing records all I want to see? 
What happens to all the unrecord- 
ed heartbeats? I’m supposed to 
accept what your micro-processor 
records on blind faith, right?... 
Wrong! 

Rep: Saaay!... why don't we fly you 
right out here for a little business 
vacation...y know, a little fun, take 
a look at the product... 


“Doc:”’ I also like to decide when 
and where I'll vacation. Why can't 


“Hmmm... hard to believe...” 


you just send a salesman? 


Rep: Salesman? Whaaat salesman? 
These things sell themselves, Doc. 
Our recorders monitor up to two, 
that’s two full hours of significant 
cardiac events. I mean, a patient 
with any more trouble than 
that...what's the point, y'know? 


“Doc:”’ Saaay!...would you like to 
hear a really unusual sound? 


Rep: Uh...sure. 
“Doc:” (CLICK) 


Now we're not saying that there 
aren't some awfully spiffy micro- 
technological miracles in new Hol- 
ter recording devices out there. 

We're just asking you to be care- 
ful. Be ready. Ask the fough ques- 
tions. About too-good-to-be-true 
performance claims, options, and 
confounding complications. And 
don't forget to demand a "show 
me," hands-on demonstration. 


And remember...those far-away 
seminars and demonstrations can 
mean far-away delivery and far- 
away service facilities. 

At Clinical Data, you don't have 
to ask a lot of questions about a lot 
of complicated contingencies. Just 
one simple question: does Clinical 
Data give you a state-of-the-art, 
comprehensive, quality-controlled, 
readable, long-term ECG report? 
With accurate data, clearly reported: 

Simple answer... YES. 

Even if you've seen one of 
Clinical Data’s LCG Reports, you 
haven't seen one of Clinical Data’s 
new LCG Reports. We’ve made 
the best even better. Call or write. 
We'll send you one. 


Clinical Data, Inc. 
1371 Beacon Street, 

Brookline, MA 02146 

Toll-free 800-225-9180 

In Mass. call (1) 734-3700 
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xE a INDICATIONS AND CONTRAINDICATIONS 
ie 
Y | The indications for cardiac pacemaking are increasing as pacemakers hecome 
i fA more sophisticated and as advanced methods for patient management become 
E E ing more widespread. Generally accepted indications for long-term cardiac pacing 
L. P / bos include but are not limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
A x drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
earn X sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 


second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; 

(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch 

hlock; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 

addition, certain patients presenting with intractable, recurrent, congestive heart 
A ^ failure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
who have been shown to benefit from temporary cardiac pacing are considered 
candidates for permanent cardiac pacemaking. 

The indications for permanent pacing in the presence of acute myocardial 
infarction have not yet been rigorously defined. Factors to be considered include 
the location of the myocardial infarct, the presence or absence of symptoms, ven- 
‘tricular rate, mechanism of the arrhythmias, and response to therapy. In general, 
symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 
idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. 

There are no known contraindications to the use of pacemakers as a medical 
method for control of heart rate. However, body rejection phenomena such as 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 


CAUTION: Federal (U.S.A.) law restricts this device to sale 


by or on the order of a physician. 


NOTE: The CyberLith and the CyberLith Programmer are currently 
undergoing clinical evaluation. 


sos Intermedics Inc. 


Our business is life" 





Now with the new series of Dynavit equipment, 
graded exercise is possible on an ergometer with its 
own built-in calibrating dynamometer. Controlled 
pulses of current are fed through electrical windings 
of the braking system and a magnetic field is in- 
duced which becomes the braking torque to oppose 
the flywheel’s rotation. The braking system is float 
mounted such that it responds in a counter torsion 
movement, and this is mechanically transmitted into 
a precision strain gauge. 

And a phototachometer accurately counts the 
flywheel revolutions per minute. Therefore, the true 
and effective cranking effort (work rate = watts of 
power expended) is dynamometrically controlled. 
Constant, calibrated and controlled work rates in- 
dependent of pedal speed! 
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Aerobitronic 30 Ergometronic 35 
Keiper Dynavit, GmbH & Co. 


305 Era Drive Mannheimer Str 234-236 
Northbrook, IL 60062 6750 Kaiserslautern 
U.S.A. West Germany 
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| lntermedics Inc. 
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yberLith...the most sophisticated 
ogramming system ever. 


liable 

The CyberLith all electronic pro- 
ımming system assures reliability by 
minating phantom or cross-program- 
ing. The use of accurate crystal oscilla- 
rs ensures precision transmission of 
ogramming information. 

fe 

The CyberLith programming safety 
atures help avoid unnecessary cardiac 
ythm disturbances. Further, it is not 
scessary to place the pulse generator in 
ie asynchronous mode during the pro- 
amming session. The safety features 


e VyDCTLI 
programming System. 
Reliable, safe, 


Be or | 


lntermedics inc. 


FREEPORT, TEXAS 
VOO VVI VVT 


also allow automatic error identifica- 
tion, preventing transmission of incom- 
patible programming commands. 
Convenient 

The CyberLith programming system 
is fast — all five parameters are pro- 
grammed within 40 milliseconds. 
Available 

CyberLith pacing systems are avail- 
able now! Pulse generators, program- 
mers, leads, telemetry equipment, and 
patient transmitters and receivers. 

As the pioneers of multi-parameter 
programmable pacing technology, 
Intermedics has maintained its role as 
the manufacturer of the most advanced 
systems. Our commitment is to keep in 


convenient. And available. 
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CyberLith | 


Intermedics Inc. | 


FREEPORT, TEXAS 
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pace with your desire for excellence in 
pacing therapy. 

The CyberLith system is today’s 
state-of-the-art. Get to know it. For 
more detailed information call or write 
the Intermedics marketing department, 
or contact your local Intermedics 
representative. 


4@ Intermedics lnc. 


P.O. Box 617 Freeport, Texas 77541 
Toll-free: (800) 231-2330 


Our business is life." 


CyberLith is a registered trademark of Intermedics, In 


© September 1980, Intermedics, Inc. — LAOI-CL-X 


For ventricular arrhythmias. 

For atrial arrhythmias. 

For smooth, trouble-free conversion. 
For steady maintenance. 


t] Greater Gl tolerance 
than with quinidine sulfate 
tj Full quinidine cardiodynamics 


© Convenient b.i.d. or t.i.d. dosage 


for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). Af*er conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY —INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atria! tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of airial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV biock to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If norma! sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by V» to 1 tablet (137.5 to 275 mg.) and administered three to four 
times oefore any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 100. 


Purdue Frederick 
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persistence, pre and post processing, 
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adjunct in the diagnosis of acute myocardial infarction. 

For more information about TechneScan PYP—and all the 
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jnosis of acute myocardial infarction. 
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ss invasive evaluation... less traumatic therapy 


Asa practicing 
clinician, you've 
probably observed 
with growing 
interest the new 
diagnostic and 
therapeutic 
techniques for 
evaluating and 
managing your 
coronary artery 
disease patients. 
Two of the newest 
techniques 
entering routine 
clinical use hold 
great promise 
because they are 
relatively 
noninvasive: 
thallium-201 
myocardial 
perfusion imaging 
and percutaneous 
transluminal 
coronary angio- 
plasty. Not 
surprisingl l, the 
thallium 201 study 
has become a 
vital tool both in 
evaluation and 
followup of all 
patients being 
considered for 
angioplasty. 
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Preangioplasty Workup 
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Noninvasive cardi 
s cchocardiogram 
s exercise ECO- Bruce protocol or 
e rest and exercise thallium-201 imaging 
e segmental nuc lear wall-motion ana 
with stress 
Invasive cardiac studies: 
e right and left heart catheter ization 
e leit ventricular angiogram in the 
projection 
e selective coronary angiography including a 60° 
(axial) LAO view ol the left coronary artery 
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use is also available. 
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| . Thallous Chloride - 
: TI 201 


FOR DIAGNOSTIC USE 
DESCRIPTION: Thallous Chloride TI 201 is sup- 


plied in isotonic solution as a sterile, non- 
pyrogenic diagnostic radiopharmaceutical for 
intravenous administration. The aqueous solu- 
tion at calibration time contains ImCi/ml 
Thallous Chloride TI 201, adjusted to pH 4.5- 
6.5 by the addition of hydrochloric acid and/ 
or sodium hydroxide solution. It is made iso- 
tonic with 0.9% sodium chloride and is 
preserved with 0.9% benzyl alcohol. Thallium 
TI 201 has a half-life of 73.1 hours and is cyclo- 
tron-produced. It is essentially carrier-free, 
and contains less than 0.25% lead Pb 203 and 
less than 1.9% Thallium TI 202. 


PHYSICAL CHARACTERISTICS 
Thallium TI 201 decays by electron capture to 
Mercury Hg 201 with a physical half-life of 
73.1 hours.' Photons that are useful for detec- 
tion and imaging are listed in Table 1. The 
lower energy X-rays obtained from the mer- 
cury Hg 201 daughter of TI 201 are recom- 
mended for mvocardial imaging, because the 
mean °o/disintegration at 68-80.3 keV is much 
greater than the combination of gamma-4 and 
gamma-6 mean ?o/disintegration. 


Table 1. Principal Radiation Emission Data 


Mean Mean 
Radiation % /Disintegration Energy (keV) 
Gamma-4 2.65 1353 
Gamma-6 10.0 167 4 
Mercury X-rays = od 94 3 68-80.3 f 
Martin, MJ Nuclear Data Project. ORNL. January 1977 
EXTERNAL RADIATION 


The specific gamma rav constant for Thallium 
TI 201 is 4.7R/mCi-hr. at 1 cm. The first half- 
value laver is 0.23mm of lead. A range of val- 
ues for the relative attenuation of the radiation 
emitted bv this radionuclide that results from 
the interposition of various thicknesses of lead 
(Pb) is shown in Table 2. For example, the use 
of 3.3mm of lead will decrease the external 
adiation exposure by a factor of about 10,000. 


Table 2. Radiation Attenuation By Lead Shielding 
mm of Lead (Pb) Coefficient of Attenuation 


0.006 05 
0 15 107 
0 98 107 
21 107 
33. — 10" 





To correct for physical decay of this radio- 
nuclide, the fractions that remain at selected 
intervals before and after calibration are 
shown in Table 3. 

Table 3. Thallium TI 201 Decay Chart; Half-life 73.1 Hours 


Fraction Fraction Fraction 
Hours Remaining Hours Remaining Hours Remaining 

72 198 18 0.84 72 0.51 
60 177 24 0.80 78 048 
AP 158 30 0.75 B4 0.45 
-36 141 36 071 90 0,43 
-12 112 42 0.67 96 0.40 
6 106 48 0.63 108 0.36 
0 100 54 0.60 120 0.32 
6 0.95 60 0.57 132 0.29 
12 0 89 66 0.54 144 0.26 
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New England Nuclear 
Medical Diagnostics Division 
549 Albany Street 

Boston, MA 02118 


Attn: Teaching Program 
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CLINICAL PHARMACOLOGY. Carrier-free Thallous 
Chloride TI 201 has been found to accumulate 
in viable mvocardium in a manner analogous 
to potassium. Experiments emploving labeled 
microspheres in human volunteers have 
shown that the mvocardial distribution of 
Thallous Chloride TI 201 correlates well with 
regional perfusion. 

In clinical studies, thallium images have been 
found to visualize areas of infarction con- 
firmed bv electrocardiographic and enzyme 
changes. Regions of transient myocardial 
ischemia corresponding to areas perfused by 
coronarv arteries with partial stenoses have 
been visualized when thallium was adminis- 
tered in conjunction with an exercise stress 
test. It is usually not possible to differentiate 
recent from old myocardial infarction, and no 
exact diflerentiation can be made between 
recent myocardial infarction and ischemia. 
Alter intravenous administration, Thallous 
Chloride TI 201 clears rapidlv from the blood 
with maximal concentration by normal myo- 
cardium occurring at about ten minutes. 


INDICATIONS AND USAGE: Thallous Chloride TI 201 
mav be useful in myocardial perfusion imag- 
ing tor the diagnosis and localization of mvo- 
cardial infarction. 

It may also be useful in conjunction with 
exercise stress testing as an adjunct in the 
diagnosis of ischemic heart disease (athero- 
sclerotic coronary artery disease). 
CONTRAINDICATIONS: None known. 


WARNINGS: In studying patients in whom myo- 
cardial infarction or ischemia is known or 
suspected, care should be taken to assure con- 
tinuous clinical monitoring and treatment in 
accordance with safe, accepted procedure. 
Exercise stress testing should be performed 
only under the supervision of a qualified phy- 
sician and in a laboratorv equipped with 
appropriate resuscitation and support 
apparatus. 

Ideally, examinations using radiopharmaceu- 
tical drug products — especially those elective 
in nature — of women of childbearing capabil- 
itv should be performed during the first ten 
davs following the onset of menses. 


PRECAUTIONS: Data are not available concerning 
the eflect of marked alterations in blood glu- 
cose, insulin, or pH (such as is found in dia- 
betes mellitus) on the quality of thallium TI 
201 scans. Attention is directed to the fact that 
thallium is a potassium analog, and since the 
transport of potassium is allected by these 
factors, the possibility exists that the thallium 
may likewise be aflected. 

Thallous Chloride TI 201, as all radioactive 
materials, must be handled with care and 
used with appropriate safetv measures to 
minimize external radiation exposure to clini- 
cal personncl. Care should also be taken to 
minimize radiation exposure to patients in a 
manner consistent with proper patient 
management. 

No long-term animal studies have been per- 
formed to evaluate carcinogenic potential. 
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Adequate reproduction studies have not been 
performed in animals to determine whether 
this drug affects fertility in males or females, 
has teratogenic potential, or has other adverse 
effects on the fetus. Thallous Chloride TI 201 
should be used in pregnant women en 
clearly needed. 

It is not known whether this drug is excreted 
in human milk. As a general rule nursing 
should not be undertaken when a patient is 
administered radioactive material. 

Safety and etlectiveness in children have not 
been established. 

The expiration date tor Thallous Chloride TI 
201 is six davs postcalibration. 


ADVERSE REACTIONS: Adverse reactions related to 
use of this agent have not been reported to 
date. 


DOSAGE AND ADMINISTRATION: The recommended 
adult (70kg) dose of Thallous Chloride TI 201 
is 1-1.5mCi. Thallous Chloride TI 201 is 
intended for intravenous administration onlv. 
For patients undergoing resting thallium stud- 
ies, imaging is optimally begun within 10-20 
minutes after injection. Several investigators 
have reported improved mvocardial-to-back- 
ground ratios when patients are injected in 
the fasting state, in an upright posture, or 
after briefly ambulating. 
Best results with thallium imaging performed 
in conjunction with exercise stress testing 
appear to be obtained if the thallium is 
administered when the patient reaches max- 
imum stress and when the stress is continued 
lor 30 seconds to onc minute after injection. 
Imaging should begin within ten minutes 
post-injection since target-to-background ratio 
is optimum bv that timc. Several investigators 
have reported significant decreases in the tar- 
get-to-background ratios of lesions attribut- 
able to transient ischemia bv two hours after 
the completion of stress testing. 
The patient dose should be measured bv a 
suitable radioactivitv calibration svstem 
immediatelv prior to administration. 
Radiopharmaceuticals should be used bv per- 
sons with specilic training in the safe use and 
handling of radionuclides produced bv 
nuclear reactor or particle accelerator and 
whose experience and training have been 
approved bv the appropriate government 
agencies authorized to license the use of 
radionuclides. 

RADIATION DOSIMETRY 
The estimated absorbed radiation dose! to an 
average patient (70kg) from an intravenous 
injection of a maximum dose of 1.5 millicuries 
of TI 201 is shown in Table 4. 


Table 4. Radiation Dose Estimates of Thallous Chloride TI 201: 
Absorbed Dose./1.5mCi Thallium TI 201 Administered 


Rads/1 5mCi 

Heart 051 
Small Intestines 097 
Kidneys 22 

Liver 093 
Red Marrow 0.51 
Ovaries 0.85 
Testes 0.81 
Thyroid 112 
Totai Body © 0.36 








Values listed include a maximum correction of 13% to the radiation 
doses trom TI 201 due to the radiocontaminants Pb 203 and T! 202 


HOW SUPPLIED: Thallous Chloride TI 201 for 
intravenous administration is supplied as a 
sterile, non-pvrogenic solution containing at 
calibration time, ImCi/ml of Thallous TI 201, 
9mg/ml sodium chloride, and 9mg/ml of 
benzyl alcohol. The pH is adjusted to between 
4.5-6.5 with hvdrochloric acid and/or sodium 
hvdroxide solution. Vials are available in the 
following quantities of radioactivitv: 1.5, 3.0, 
4.5, 6.0 and 9.0 millicuries of Thallous TI 201. 
The contents of the vial are radioactive. Adequate shielding 
and handling precautions must be maintained. 
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SYMPOSIUM: TWO DIMENSIONAL ECHOCARDIOGRAPHY 
VERSUS CARDIAC NUCLEAR IMAGING TECHNIQUES 
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JOEL MORGANROTH, MD, FACC and GERALD M. POHOST, MD, FACC, Guest Editors y 


Noninvasive Approaches to Cardiac Imaging: Comparisons and Contrasts 


JOEL MORGANROTH, MD, FACC* 
GERALD M. POHOST, MD, FACCTt 


Philadelphia, Pennsylvania 
Boston, Massachusetts 


With the advent of cardiac catheterization and angio- 
graphic techniques, substantial advances have been 
made in the detection of heart disease and in our un- 
derstanding of its pathophysiology. These advances 
have resulted in a more precise understanding of coro- 
nary, valvular and other forms of heart disease. AI- 
though the catheterization approach remains the di- 
agnostic standard in many areas of clinical cardiology, 
it is expensive and uncomfortable, and continues to 
have significant, albeit small, morbidity and mor- 
tality. 

Noninvasive approaches permit cardiac disease to be 
detected and evaluated with less expense, discomfort 
and risk than is possible with the catheterization ap- 
proach. The conventional clinical evaluation of patients 
with suspected heart disease (the history, physical ex- 
amination, resting electrocardiogram and chest roent- 
genogram) remains the initial approach and the pre- 
requisite before considering either noninvasive or in- 
vasive testing. However, it is now clear that information 
can be obtained with noninvasive techniques that 
cannot be gained either with the conventional clinical 
evaluation or with Cardiac catheterization. In addition, 
the electrocardiographic stress test and long-term 
electrocardiographic monitoring, although not discussed 
herein, constitute important noninvasive techniques 
that, when used properly, provide information that can 
obviate the need for the more expensive noninvasive 


From the Departments of Medicine and Research of the Lankenau 
Hospital and the Department of Medicine of the Jefferson Medical 
College of the Thomas Jefferson University, Philadelphia, Pennsylva- 
nia,* and from the Cardiac Unit of the Department of Medicine, Mas- 
sachusetts General Hospital and Harvard Medical School, Boston, 
Massachusetts.! Manuscript received April 28, 1980, accepted May 
7, 1980. 

* Established investigator of the American Heart Association, Dallas, 
Texas. 

Address for reprints: Joel Morganroth, MD, Lankenau Hospital, 
Lancaster Avenue and City Line Avenue, Philadelphia, Pennsylvania 
19151. 


studies or cardiac catheterization and provide data that ` 
cannot be obtained by any other approach. 

The introduction of a high quality M mode echo- 
cardiograph about a decade ago opened up new vistas 
for noninvasive cardiac study. For the first time valves 
and ventricular walls could be observed with high res- 
olution using noninvasive, relatively low cost and even 
portable devices with no apparent risk. This opened the 
"window" for physicians to obtain anatomic and 
physiologic information previously available only by 
cardiac catheterization. In addition, new information 
about cardiac mechanics, valve integrity and cardiac 
structure became available. Occult disease could now 
be identified and new or poorly understood conditions 
became easily and frequently recognized (mitral valve 


prolapse and asymmetric septal hypertrophy, for ex- 


ample). However, the major problem with M mode 
echocardiography was that the perspective provided was 
limited to an “ice-pick” view of the heart. Innovative 
advances and technology led to the development of two 
dimensional echocardiography, a method that allowed 
tomographic imaging of the heart and therefore more 
clearly depicted gross cardiac anatomic relations and 
function. 

Important advances in detection and evaluation of 
heart disease have also been provided by the applica- 
tion of radionuclide cardiac imaging methods that have 
been refined to permit noninvasive clinical evaluation. 
of myocardial perfusion and integrity and global ven- 
tricular function without the geometric assumptions 
needed in approaches using angiography and ultra- 
sound. Although ultrasonic approaches provide infor- 
mation with high spatial resolution, they suffer from 
technical interference by bone or lung interposed be- 
tween the cardiac structures of interest and the echo- 
cardiographic probe. In contrast, the radionuclide ap- 
proaches, while providing information with lower spatial 
resolution, are virtually unaffected by overlying tissue. 
'The advances in radionuclide methods that led to the 
evolution of nuclear cardiology included: development 
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areas seen 


of new radiopharmaceutical agents such as thallium- 
201, permitting clinical assessment of myocardial psr- 
fusion and integrity, advances in gamma camera tech- 
nologies permitting higher resolution imaging, appli- 


o Y E cation of computer technology to permit acquisition and 
3 gag £ 2 display of cardiac functional information either through 
j £35 Fe ? the “first pass” method or the multiframe blood pool 
S Stt ga & imaging approach; and discovery that the bone-imaging 
agent, technetium-99m-labeled stannous pyrophos- 
z phate, accumulated in regions of recently infarcted 
= ates myocardium. Analogous to ultrasonic imaging, the re- 
x S S S cent innovative efforts in radionuclide cardiac imaging 
tad lead -€ appear to make it possible to image tomographically in 
"M multiple planes as opposed to conventional planar 
$ $ imaging. The advantages of tomographic approaches 
= - 9 s over conventional planar methods are currently under 
E ui — uli investigation. 
Comparison of echocardiography and radionu- 
t clide imaging: Because echocardiography and radio- 
2 g 8 o nuclide imaging are becoming increasingly available and 
2 —3 E 3i can be applied to virtually any clinical setting, it seems 
i appropriate to compare these two modalities to define 
& their indications, limitations and comparative values 
: £ in assessing patients with heart disease in order to op- 
E a E S| 2 timize clinical utility. Tables I and II compare and 
" e o TIE contrast the technical aspects and the clinical utility of 
E £ the two approaches. 
6 2 'The articles in this Symposium describe the current 
E 9 2 Siu status of echocardiography and cardiac radionuclide 
ui 3 2 -A imaging as applied clinically. The first two manuscripts 
I address the technical aspects of the ultrasonic and ra- 
$5 dionuclide methods. These are followed by manuscripts 
* vU e Cz addressing the utility of these modalities in evaluating 
3 S 8 5 gE ventricular function and in the special clinical problem 
53 of left ventricular aneurysm. This latter is an example 
= oe of an entity in which noninvasive techniques have, in 
2 ane 29 many cases, obviated the need for cardiac catheteriza- 
9 8 S Sici tion. 
w EB p Valvular heart disease: The next set of manuscripts 
Si evaluates the clinical problem of valvular heart disease 
Sg and points out the important strides made in the rec- 
E e 2/25 ognition of valve abnormalities and their effects on 
: 2 2 2i: cardiovascular function. For example, two dimensional 
8% echocardiography not only has clarified the prevalence 
t 9t of primary mitral valve prolapse syndrome, a condition 
$ 2 o  2|4z2 once thought to be uncommon, but also has replaced left 
3 X o - E $ ventricular cineangiography as the diagnostic standard 
S N for this important clinical entity. 
Som 22b Su Coronary heart disease: The detection of coronary 
= Fheis heart disease is of major importance in cardiovascular 
o 8 medicine today, and a thorough appraisal of the use of 
o Z both radionuclide imaging and two dimensional echo- 
e an cardiographic techniques is presented. One example of 
€ $89 2.8 pis recent advances is the use of thallium-201 myocardial 
699099 595 Zal\s i, imaging during stress to enhance the predictive accu- 
ESPOSE 3 35 v E 5° racy of exercise testing. In addition, radionuclide cine- 
2 $ E E: o SEE 2 ES a o angiography provides a means of assessing the impact 
g of coronary artery disease on left ventricular function 


at rest and during exercise. Although these techniques 
will never obviate the need for coronary arteriography 
before performing coronary bypass graft surgery, when 
added to electrocardiographic approaches, they have 
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substantially enhanced the clinical ability to recognize 
significant coronary heart disease. In addition, the ra- 
dionuclide imaging techniques have enhanced our 
clinical ability to detect acute myocardial infarction. 
The status of radionuclide and ultrasonic methods in 
the evaluation of the patient with possible or definite 
myocardial infarction is described. 

Cardiomyopathy: New strides made possible by 
noninvasive techniques in the area of cardiomyopathy 
are presented in the next pair of manuscripts. For ex- 
ample, the clinical spectrum of hypertrophic cardio- 
myopathy has been defined by two dimensional echo- 
cardiography to provide a highly specific diagnosis 
without cardiac catheterization. The role of radionuclide 
imaging techniques in the assessment of cardiomyo- 
pathies and in the differential diagnosis of ischemic 
versus idiopathic congestive cardiomyopathy is dis- 
cussed. 

Congenital heart disease: The recognition and 
evaluation of adult congenital heart disease has been 
advanced in recent years by the use of two dimensional 
echocardiography, which often can demonstrate the 
actual “defect” in atrial and ventricular septal defects 
and characterize prtcisely the great vessel-ventricular 
relations in cyanotic congenital heart disease. Thus, a 
rapid and accurate diagnosis in critically ill patients can 


be made noninvasively. First pass radionuclide tech- 
niques can accurately quantify the magnitude of the 
intracardiac shunt. 

New technologies: Noninvasive cardiac testing has 
grown so rapidly in sophistication that new technical 
forms of imaging have been developed that in the future 
may enhance our diagnostic armamentarium. The final 
four manuscripts in this symposium evaluate the status 
of new potentially useful technologies for noninvasive 
evaluation of the heart. Doppler echocardiography can 
localize and depict abnormal intracardiac flow patterns 
such as those associated with valve regurgitation. New 
tomographic imaging approaches for evaluation of 
cardiac structure, function and metabolism utilize X- 
rays (transmission tomography), positron-emitting 
radiotracers (emission tomography) and, most recently, 
nonionizing magnetic and radio frequency fields 
(zeugmatography). Table III compares and contrasts 
these new technologies with those currently avail- 
able. 

Future potential and advances: The future po- 
tential of noninvasive cardiac imaging is enormous. We 
can look to computer technology to enhance storage, 
display and analysis of ultrasonic studies. Such im- 
provements would allow a more accurate rendition of 
cardiac structures and provide for three dimensional 


TABLE Ill 
Comparisons and Contrasts of Currently Available and Potential New Cardiac Imaging Techniques 
Biological Resolution Technical Technical 
Imaging Modality Hazzard (inmm) Interference Advantage 
Ultrasound 
M mode echocardiography None known 2 Bone, lung Rapid intracardiac motion 
2D echocardiography None known 3 Bone, lung Realtime cardiac structural relations 
Doppler None known 5 Bone, lung Localization of disturbed flow patterns 
Radionuclide imaging 
Gamma approaches lonizing radiation 10 Bone, soft tissue — Myocardial perfusion function and tissue integrity 
Positron approaches lonizing radiation 10 None Myocardial perfusion and metabolism 
X-ray imaging 
Computerized tomography — lonizing radiation ~1 Bone Cardiac structural relations, ?coronary anatomy 
Nuclear magnetic resonance None known ~] None ?Cardiac structure, function & metabolism without tracer 


administration 
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$ st echocardiography with a variety of 
lay an increasing role in the detection 
and pressure conditions and lead to 
. Jing of cardiac dynamics. Availability 
-y to provide a high quality pocket-sized 
_«ocardiograph will. allow for even more clinical flex- 
ibility than is possible with existing portable ultrasonic 
equipment. 

Conventional gamma camera approaches might be 
improved by advances in computer and gamma camera 
technology to allow better quantitation of wall motion 
and myocardial perfusion and viability, and by the de- 
velopment of improved radiopharmaceuticals to permit 
higher resolution imaging. Positron imaging permits the 
use of a large array of metabolically active radiophar- 
maceuticals with a short half-life. The development of 
radionuclide generators for the production of these 
short-lived positron-emitting radionuclides might 





ultimately obviate the need for expensive on-site cy- 
clotrons and, therefore, permit more widespread ip- 
plication of positron imaging. Computerized X-ray to- 
mography may ultimately permit accurate ventricular 
and coronary angiography with only an intravenous 
injection of radiopaque contrast medium. Finally, the 
newest noninvasive approach, nuclear magnetic reso- 
nance imaging, using combined magnetic and radio- 
frequency fields, has enormous potential to obtain not 
only high resolution structural information, but also in 
situ metabolic information, probably without the need 
for tracer administration. Such advances should lead 
to more accurate detection of cardiac disease and a 
better understanding of the physiologic, biochemical 
and pathologic alterations that occur in cardiac disease 
states. Much work will be needed before the full po- 
tential of these noninvasive approaches can be real- 
ized. 
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Although M mode echocardiography has achieved a prominent role in the 
diagnosis and management of patients with cardiovascular disease, the 
limited area of view afforded by M mode techniques has restricted the 
application of ultrasound in many areas. The development of two di- 
mensional echocardiography has obviated many of the limitations inherent 
in the narrow view of the M mode technique. It has enabled imaging of 
the heart from additional transducer locations, permitted determination 
of shape and anatomy and provided the ability to determine motion along 
two axes. Several types of two dimensional echocardiographs have been 
developed, and each type offers both advantages and disadvantages. 
Although two dimensional echocardiography has provided a larger area 
of view with ultrasound, it has also introduced new limitations including 
a larger and bulkier transducer, a much reduced sampling rate and a 
difficult display medium (videotape). In addition, new considerations 
regarding ultrasonic resolution have been raised. Two dimensional 
techniques have resulted in new pitfalls in ultrasonic diagnosis related 
to instrument artifacts as well as to performance and interpretation of the 
examination. The spurious appearance of cardiac masses because of 
these ultrasonic artifacts represents a particularly prominent diagnostic 
pitfall that must be avoided in daily practice. It is anticipated that the new 
wider field of view provided by two dimensional echocardiography 
combined with a standard high resolution capability of ultrasound (2 to 
4 mm) will result in an increasingly large role for echocardiography in the 
management of patients with heart disease. 


The development of M mode ultrasonic techniques enabled the nonin- 
vasive evaluation of dynamic intracardiac anatomy for the first time. 
Soon time-motion recordings became recognized as the diagnostic pro- 
cedure of choice for many cardiovascular disorders including pericardial 
effusion,! cardiac tumors? and asymmetric septal hypertrophy.? Un- 
fortunately, M mode echocardiography affords only an “ice-pick view” 
of the heart, or an image of the heart that is restricted at any given time 
to the narrow area included within the ultrasonic beam. An analogy has 
been drawn between probing the heart with an M mode beam and ex- 
amining a darkened area by means of a flashlight; each technique allows 
perception of only those objects that fall within the path of the beam at 
that time. Therefore, although it conveys anatomic information, the M 
mode echocardiographic recording consists of a series of undulating lines 
that are more reminiscent of an electrocardiogram than of an angio- 
gram. 

The development of two dimensional echocardiography was intended 
to obviate several of the limitations inherent in the “ice-pick” view of 
the M mode echocardiogram. The narrow diameter of the M mode beam 
does not provide spatial orientation, and it is necessary to identify cardiac 
structures either by their pattern of movement or by their relation to 
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FIGURE 1. Various types of real time two dimensional echocardio- 
graphic units. A, a linear array transducer; B, a narrow angle oscillating 
mechanical sector scanner; C, a 360? rotary mechanical sector 
scanner; D, a phased array device utilizing electronic beam 
steering. 


other landmarks by time-motion techniques. Therefore, 
the anatomy traversed by the ultrasonic beam can be 
determined with certainty only from a few standardized 
points of examination that enable the simultaneous 
recording of several cardiac structures. Thus, it has been 
impossible to determine the precise transcardiac plane 
of the M mode ultrasonic beam with the transducer 
positioned at the point of maximal cardiac impulse. M 
mode echocardiography is also incapable of accurately 
portraying the shape or anatomy of cardiac structures. 
For example, in the evaluation of aneurysmal dilatation 
of the aorta, M mode echocardiography is incapable of 
distinguishing fusiform from sacular aneurysms.‘ Fi- 
nally, in being limited to a one dimensional projection 
(usually anteroposterior), M mode echocardiography 
cannot determine the additional relative position or 
movement in another direction. Indicative of this lim- 
itation was the reported failure of M mode echocardi- 
ography to reveal the prominent superior motion that 
frequently accompanied movement in a posterior di- 
rection in mitral valve prolapse.? 

Cross-sectional echocardiography expanded the size 
of the ultrasonic beam and thereby provided the si- 
multaneous acquisition of anatomic information in a 
second dimension. To follow the analogy, one was now 
dealing with a floodlight rather than a flashlight in ex- 
amining the heart. The second dimension afforded by 
cross-sectional techniques provided spatial orientation 
throughout a large segment of the heart. T'herefore, the 
plane of the examining beam could be known with cer- 
tainty and echocardiograms could be recorded from 
additional transducer locations.®’ The increased field 
of view of cross-sectional echocardiography also allowed 


the delineation of the perimeter of cardiac structures. 
thereby enabling the determination of shape anc 
anatomy for the first time. Finally, the two dimensiona 
approach enabled the resolution of position or motior 
that occurred in a second plane (superior-inferior oi 
medial-lateral) to that of the anterior position. Ac- 
cordingly, cross-sectional echocardiography substan: 
tially expanded the diagnostic information available 
with time-motion techniques. 


Cross-Sectional Echocardiographic Techniques 


A variety of techniques have been developed to obtair 
cross-sectional echocardiograms. Each technique 
reconstructs an image of the heart from several indi. 
vidual discrete B mode ultrasonic scan lines. As might 
be expected, each technique has advantages and dis: 
advantages, and the perfect cross-sectional echocardi. 
ograph has not yet been devised. 

B mode reconstruction: One of the earliest attempt: 
to produce two dimensional ultrasonic images of the 
heart consisted of B mode scanning.? Thus, ultrasonic 
signals from cardiac structures were obtained by : 
standard M mode echocardiograph whose transduce! 
was attached to a potentiometer capable of indicatin; 
orientation in space. The signals obtained were dis 
played on the vertical axis of the tracing as dots whose 
depth and brightness were related to their distance fron 
the transducer and to amplitude, respectively. Rathe: 
than sweeping these vertical signals along a horizonta 
axis with time as in M mode echocardiography, mul. 
tiple scan lines were obtained at various transducei 
positions and angulations, displayed in a positior 
analogous to their orientation in space and combinec 
to “form” composite cardiac images. To account for the 
prominent motion exhibited by the heart it was neces. 
sary to obtain ultrasonic signals at only a selected perioc 
during the cardiac cycle, a process made possible b: 
gating the echocardiograph to the electrocardiogram 
Accordingly, multiple cardiac cycles were required t« 
construct a cardiac image, a lengthy procedure tha 
prohibited real time imaging. Further, the electronic 
circuitry required for spatial orientation restricted fre« 
angulation of the ultrasonic transducer. 

Linear array: Several technical approaches have 
been taken toward the development of an echocardio: 
graph capable of providing two dimensional images o: 
the heart in real time (Fig. 1). One of the first units de- 
veloped that provided real time two dimensiona 
echocardiographic images was the linear array sys 
tem.9-!! This system is relatively simple and consists o: 
a row of standard M mode piezoelectric elements eacl 
of which emits and receives ultrasonic signals inde 
pendently to provide a single B mode scan line of data 
'The composite record obtained from the 30 to 64 indi 
vidual B mode scan lines available is a rectangular tw« 
dimensional image whose size*is determined by the size 
of the transducer (Fig. 1A). The image is compromisec 
by the fact that ultrasonic targets are widely separatec 
because of gaps between the individual elements where 
no data is recorded. The advantages of the linear arra: 
systems are a relatively high frame rate (due to elec 
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tronic scanning and a small number of scan lines), the 
ability to produce an M mode recording from any se- 
lected area within the field of vision and good resolution 
in the near field. A disadvantage of these systems is that 
the transducer is of necessity large and difficult to ma- 
nipulate into a thoracic window, which avoids the 
nonultrasound-transmitting ribs and lungs. In addition, 
there is some problem with cross talk between the in- 
dividual elements. 

Mechanical sector scanners: The next major ap- 
proach toward obtaining real time cross-sectional im- 
ages of the heart consisted of the development of me- 
chanical sector scanners.!?/? The initial mechanical 
sector scanners utilized a single M mode ultrasonic 
transducer to obtain all B mode scan lines. The trans- 
ducer is attached to an electric motor that rapidly steers 
it through a fixed circular axis with an arch of 30° to 60°. 
As with B mode scanning, electric potentiometers are 
affixed to the transducer to determine its orientation 
in space, and the individual B mode scan lines are de- 
picted in an analogous position on the echographic re- 
cording. The net result is a cross-sectional image of the 
heart composed of a number of radial B mode scan lines 
presented in a circular sector format of 30° to 60° arc 
(Fig. 1B). The advantage of such mechanical sector 
scanners is that they are relatively simple in engineering 
aspects and enable adaptation of many existing M mode 
units for cross-sectional capabilities. In addition, the 
signal to noise ratio of these units is among the highest 
of any cross-sectional echocardiographs. The line den- 
sity of these units is substantially higher than that 
achieved by linear scanners. The disadvantage of the 
mechanical sector scanner is that the transducer oscil- 
lates on the chest wall, thereby limiting the arc through 
which the ultrasonic transducer can be driven while still 
maintaining contact with the skin. The net effect is a 
cross-sectional echocardiograph that is limited in arc, 
therefore yielding a relatively narrow field of vision of 
cardiac structures. 

In an attempt to create wide angle cross-sectional 
echographic images by mechanical beam steering, 
echographs have been developed in which three or four 
individual ultrasonic piezoelectric elements are rapidly 
propelled through a 360° circle of rotation by a motor- 
ized device (Fig. 1C). Each of the ultrasonic elements 
provides B mode scan lines through only a segment of 
its total circular rotation, usually 80° to 90°. To achieve 
an image the ultrasonic elements have to be removed 
from contact with the skin, a process achieved by en- 
closing them in oil within a plastic housing. The net 
effect of utilizing multiple elements that rapidly rotate 
in a single direction is to enable a wide angle real time 
sector scan of the heart to be recorded from a mechan- 
ical device. The bulky plastic and oil housing used by 
rotary scanners to enclose the ultrasonic crystals may 
result in some degradation of the ultrasonic images by 
decreasing the target to noise ratio, producing rever- 
beration artifacts from the plastic housing itself, and 
permitting the formation of air bubbles within the oil 
medium that interfere with sound propagation. In ad- 
dition, utilization of multiple transducer elements re- 
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quires that the piezoelectric crystals be nearly identical 
in regard to acoustical properties, and a potential for 
image degradation exists if elements are mismatched. 

Phased array: The most recent approach to two di- 
mensional real time cardiac imaging is phased array 
scanning, which presents both the greatest technical 
complexity and the greatest potential of the major 
methods for obtaining such recordings.!^!? Phased 
array scanners utilize aspects of both linear array and 
mechanical sector technology (Fig. 1D). Thus, similar 
to linear array units, phased array devices utilize mul- 
tiple ultrasonic elements to send and receive the ultra- 
sonic signal. However, rather than utilizing these ele- 
ments independently phased array echographs activate 
all elements in conjunction to obtain a single ultrasonic 
beam, which is then electronically steered through a 
circular sector arc with a fixed axis similar to that of 
mechanical units. 

Phased array devices depend on Huygen’s principle, 
which states that multiple small wave fronts of sound 
will invariably combine to form a single large sound 
wave whose direction will be determined by the com- 
ponent wavelets. In phased array units the individual 
ultrasonic elements are sequentially activated with 
programmed time delays so that a series of distinct 
small wave fronts are produced that ultimately unite to 
form a single sound wave. Further, the direction of the 
resultant sound wave is determined by the relative 
timing of the individual wavelets; by altering the time 
delay of element activation the ultrasonic beam can be 
rapidly oscillated through a sector arc by purely elec- 
tronic means. The beam may likewise be focused by 
manipulating the sequence of element pulsing. 

Phased array scanners offer many potential ad- 
vantages for obtaining real time cross-sectional echo- 
cardiographic images. Wide angle images of high line 
density and adequate frame rate are readily obtainable. 
In addition to the electronic focusing capable of impli- 
mentation for the transmitted beam, rapid manipula- 
tion of the timing of element activation can also be 
coordinated by a computer to result in focusing of the 
ultrasonic signal throughout its range of depth in the 
receiving mode. Such dynamic focusing can provide 
excellent resolution in depth as well as in lateral field 
(Fig. 2). Finally, the lack of motion of the transducer 
enables one or even more than one M mode recording 
to be obtained simultaneously with that of the two di- 
mensional image, a potential that may also be extended 
to simultaneous two dimensional and Doppler ultra- 
sonic recordings (Fig. 3). A disadvantage, of course, is 
that phased array technology is highly complex and thus 
far has required the units to be both large and expen- 
sive. In addition, the signal to noise ratio has been 
somewhat low in the dynamically focused units, and 
ultrasonic artifacts referred to as side lobes peculiar to 
phased array systems have presented new problems in 
echocardiographic interpretation. Finally, to achieve 
electronic focusing, the size of the element array, and 
thus the transducer, must be large enough that the focal 
point of the sound beam is within the transition range 
of the array. 
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FIGURE 2. Ultrasonic beam profiles for two dimensional echocardio- 
graphic units utilizing mechanical beam steering (left) and phased array 
devices utilizing electronic beam steering without dynamic focusing 
(center) and with dynamic focusing (right). Note that the single crystal 
beam is circular in configuration, whereas the phased array beams are 
rectangular with an expanse of the beam parallel to the width of the 
transducer as well to the length of the transducer. 
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FIGURE 3. Two dimensional (top) and M mode (bottom) echocardio- 
grams obtained and recorded simultaneously in a patient with a left atrial 
myxoma (arrow). The two dimensional image shows how the tumor 
movement results in the appearance of a cloud of echoes behind the 
mitral valve. 
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FIGURE 4. The basic three orthogonal planes through which the heart 
and great vessels may be traversed by a two dimensional sector-shaped 
ultrasonic beam. 


Two Dimensional Echocardiographic Anatomy 


Currently, nearly all cross-sectional real time echo- 
cardiographic imaging is performed with either me- 
chanical sector scanners or phased array devices. Re- 
gardless of which approach is taken a fan-shaped 
echocardiographic beam ranging from 30? to 90? in arc 
is available to the examiner and may be directed into the 
heart through an almost infinite variety of tomographic 
planes. At present, certain standardized echocardio- 
graphic projections have evolved that constitute the 
basis of most routine examinations!®; the American 
Society of Echocardiography has recently made rec- 
ommendations regarding uniform nomenclature and 
presentation of these views.!? 

All tomographic views of the heart may be charac- 
terized in terms of three orthogonal planes (Fig. 4). 
'The long axis plane is that which extends from the aortic 
valve to the apex of the left ventricle, whereas the short 
axis plane is that perpendicular to the long axis plane. 
The four chamber plane is perpendicular to both long 
and short axes and traverses both the left and right 
ventricles in a near frontal projection. Cardiac images 
traversing these planes can be obtained with the 
transducer positioned along the left parasternal border 
or at the cardiac apex or in the suprasternal or subcostal 
locations. 

Long axis plane: The conventional long axis view of 
the heart is obtained with the transducer positioned in 
the left parasternal area so that the fan of the ultrasonic 
beam extends from the right shoulder to the left iliac 
crest, thus traversing a plane from the aortic valve to the 
apex of the left ventricle. This view represents the arc 
through which the M mode transducer was moved in 
traditional M mode echocardiographic scans (Fig. 5, 
top). By convention, the long axis tomogram is pre- 
sented with the patient on his back with the head to the 
right and the legs to the left. The image is displayed as 


December 18, 1980 The American Journal of CARDIOLOGY Volume 46 


PF VIVA F 931 w 





FIGURE 5. Top, long axis plane of a two dimensional echocardiogram 
(left) with a schematic illustration of the cardiovascular structures from 
which ultrasonic signals are obtained in this plane (right). The beam is 
oriented from the patient's right shoulder to the left iliac crest in this 
view. Bottom, diastolic (DIA) two dimensional echocardiogram obtained 
in the long axis plane in a normal subject. In diastole the mitral valve 
leaflets (M) are in the open position (arrows) whereas in systole (not 
shown) the aortic valve leaflets are open and the papillary muscle may 
be seen. AO = aorta; LA = left atrium; LV = left ventricle; RV = right 
ventricle. 


if the viewer were standing at the patient's left shoulder 
so that the right vehitricular body and outflow tract are 
the uppermost structures, with the left ventricle below 
and to the left, and the aorta and left atrium below and 
to the right. The aortic valve leaflets, mitral valve leaf- 
lets and papillary muscles are often included in this view 
(Fig. 5, bottom). Obviously, a number of long axis planes 
parallel to that which traverses the center of the left 
ventricle may be recorded, and the appearance of the 
cardiac images will vary depending on the plane ob- 
tained. A long axis cut can also be obtained from a 
transducer positioned at the cardiac apex. Finally, the 
transducer may be tilted slightly inferiorly and medially 
to obtain a long axis view of the right ventricle in which 
the right ventricle, right atrium and tricuspid leaflets 
may be clearly visualized (Fig. 6). 

Short axis plane: With the transducer still in the left 
parasternal area, the short axis view may be obtained 
by a 90? rotation from the central long axis so that the 
wedge-shaped ultrasonic beam traverses the body from 
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FIGURE 6. Two dimensional echocardiogram recorded from the long 
axis plane of the right ventricle (RV) obtained from the parasternal 
position in diastole. RA = right atrium. 


the left shoulder to the right iliac crest (Fig. 7). The 
short axis tomogram is customarily presented as if the 
viewer were standing at the left iliac crest and looking 
toward the aorta. Therefore, an ultrasonic tomogram 
at the level of the mitral valve leaflets would depict the 
right ventricle as a triangle-shaped structure in the 
upper portion of the picture while the circular left 
ventricle would be seen below with the mitral valve 
leaflets within it (Fig. 8A). Again, the heart may be 
“bread-loafed” by a number of short axis planes parallel 
to that obtained through the mitral valve leaflets, and 
the appearance of the cardiac structures traversed will 
be dependent on these planes. A short axis view of the 
left ventricle obtained at the level of the papillary 
muscles will show the papillary muscles at approxi- 
mately the 3 and 8 o'clock positions (Fig. 8B). Con- 
versely, if the plane of the ultrasonic beam traverses the 
base of the heart, the right ventricular outflow tract, 
aorta and left and right atrium will be visualized (Fig. 
9). 

Four chamber plane: With the transducer posi- 
tioned at the point of maximal cardiac impulse, cross- 
sectional echocardiograms may be obtained with the fan 
of the ultrasonic beam directed in a fashion similar to 
either the long axis or short axis orientation. When the 
ultrasonic beam is positioned in the short axis projection 
or pointed so as to be directed cranially and slightly 
posteriorly toward the right scapula with the fan ex- 
tending from right to left, the so-called four chamber 
view of the heart will be obtaiti d\(Fig. 19). The four 
chamber view represents a pear are and tra- 
verses both ventricles and ‘beth atria, as welas both 
atrioventricular valves. By conyetitsoh; tle four cham- 
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FIGURE 7. Short axis plane (left) in which the ultrasonic beam is ori- 
ented from the patient's left shoulder to right iliac crest. A schematic 
illustration (right) of the cardiovascular structures recorded at the level 
of the mitral valve leaflets in this plane. Abbreviations as before. 


ber view is most often presented as if the heart were 
hung from the top of the display screen from the apex 
(Fig. 11). Accordingly, the cardiac apex is exhibited at 
the top and the atria at the bottom of the image, and the 
interventricular and interatrial septa serve to bisect the 
heart vertically into right-sided chambers on the left 
and left-sided chambers on the right. The ultrasonic 
signals from the mid and superior portions of the in- 
teratrial septum frequently drop out in this projection, 
leading to incomplete visualization of this structure. 
Typically, portions of both the mitral and tricuspid 
valve leaflets may be simultaneously recorded in this 
view. Multiple additional tomograms parallel to the four 
chamber and long axis planes may be obtained from the 
cardiac apex, and the transducer may also be manipu- 
lated through a 360° rotation about the long axis from 
the thoracic window. 

Two chamber apical plane: With the transducer at 
the cardiac apex in the four chamber position, coun- 





terclockwise rotation will bring the ultrasonic beam int 
the standard long axis orientation. Slight clockwjet o 
lateral angulation, or both, of the transducer from thi 
long axis plane so that the ultrasonic beam is nearl 
parallel to the septum will yield the two chamber apice 
view consisting of the left ventricle and the atrium (Fig 
12). In the two chamber view, segments of the antero 
lateral and inferior walls of the left ventricle are re 
corded analogous to those imaged in the standard righ 
anterior oblique cineangiogram. 

Subcostal or subxiphoid views: The transduce 
may also be positioned in the subcostal or subxiphoi 
area of the abdomen to obtain cross-sectional echocar 
diographic images. With the transducer in the long axi 
projection in the subcostal region, a view similar to th 
apical four chamber view may be obtained, a view par 
ticularly valuable for visualizing the entire interatriz 
septum (Fig. 13). The short axis orientation of th 
transducer will yield images similar to those seen in th 
parasternal area when directed at the level of the ven 
tricles, although such images will be altered in rotatior 
Of particular value from the subcostal area is a vie 
obtained with the fan through a modified short axis typ 
of orientation at the level of the base of the heart so a 
to image the right ventricle, pulmonary artery an 
pulmonary valve leaflets (Fig. 14). 

Suprasternal views: The last major location fror 
which cross-sectional echocardiographic images c 
clinical value are obtained is the area of the suprastern: 
notch. The most clinically useful view obtained from th 
suprasternal notch is that obtained when the ultrasoni 
beam is directed parallel to the course of the aortic arcl 
By convention, cross-sectional echocardiograms ob 
tained from the suprasternal notch in this manner de 
pict the ascending aorta to the left with the descendin 
aorta to the right, with great vessels imaged superior] 





FIGURE 8. Representative short axis two dimensional echocardiograms obtained at the level of the mitral valve leaflets (MV) (A) and papillary muscle 


(B). Abbreviations as before. 
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FIGURE 9. Normal two dimensional echocardiogram obtained in the 
short axis orientation at the level of the aortic valve (AO) leaflets in 
diastole. PV = pulmonary valve. 


and the left atrium and right pulmonary artery seen 
inferiorly (Fig. 15). 


Limitations of Two Dimensional 
Echocardiography 


The ability to obtain wide angle real time two di- 
mensional images of the heart has not been accom- 
plished without the introduction of new technical 
problems. Thus, in comparison with M mode ultrasonic 
techniques, a number of compromises have been re- 
quired in sampling rate and image quality to achieve 





FIGURE 11. Four chamber apical view of a two dimensional echocar- 
diogram. Both mitral and tricuspid valve leaflets may be seen. Abbre- 
viations as before. 





FIGURE 10. Four chamber apical plane obtained with the transducer 
at the point of maximal cardiac impulse (left) and a schematic illustration 
of the manner in which the cardiovascular structures recorded in this 
plane are presented during real time recording (right). Abbreviations 
as before. 


cross-sectional information. These compromises are 
important in understanding the limitations of two di- 
mensional echocardiography, and are strong evidence 
that M mode echocardiographic techniques will not be 
completely eliminated by, but rather will be comple- 
mentary to, cross-sectional techniques. 

Transducer design: Two dimensional echocardi- 
ography has thus far required disadvantageous alter- 
ations in the size and configuration of ultrasonic 
transducers. A transducer size that is as small as pos- 
sible is desirable to allow manipulation within the in- 
tercostal spaces so as to avoid the ultrasonic barriers of 
bone and air in the thorax. All currently developed 
cross-sectional echocardiographic units utilize trans- 
ducers that are substantially larger than those used in 
M mode units and that require a larger contact area on 
the skin. The size of the aperture in the transducers has 





FIGURE 12. Two dimensional echocardiogram obtained from the point 
of maximal cardiac impulse with the transducer rotated about the lon- 
gitudinal axis of the left ventricle so as to record the left ventricle (LV) 
and atrium (LA). 
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FIGURE 13. Long axis view obtained from the subcostal transducer 
position. Abbreviations as before. 


varied for individual two dimensional units, the largest 
being present in devices utilizing phase array techniques 
with dynamic focusing. In addition, mechanical sector 
scanners have introduced a variety of additional 
transducer compromises, including moving parts on the 
chest wall in some units, plastic housing between the 
transducer and the skin in other units, and unwieldy size 
and configuration due to interfacing of the piezoelectric 
crystal with a mechanical rotator. The end result of the 
alternations in transducer size and configuration has 
been to limit the ability of the operator to seek small 
noise-free ultrasonic windows on the thorax through 
which cross-sectional echocardiograms could be ob- 
tained. Occasionally this limitation has made it nearly 
impossible to obtain some views of the heart, such as the 
two chamber view from the cardiac apex, and in all cases 





FIGURE 15. Cross-sectional echocardiogram obtained with the 
transducer positioned in the suprasternal notch and the beam directed 
parallel to the arch of the aorta. AAO = ascending aorta; DAO = de- 
scending aorta; LA = left atrium; PA = right pulmonary artery. 





FIGURE 14. View obtained with the transducer angled along the righ 
ventricular outflow tract from a position in the subcostal area. Abbre. 
viations as before. 


the larger transducers have provided a barrier for re 
cording ultrasonic images in patients. 

Sampling rate: A prominent limitation of cross 
sectional echocardiographic techniques has been the 
reduced sampling rate available to these units. Com 
pared with M mode echocardiography, which utilize: 
sampling rates of 1,000 impulses/s, two dimensiona 
echocardiography utilizes sampling rates of 30 to 6( 
frames/s. Accordingly, although M mode echocardiog 
raphy is able to delineate continuously the most rapic 
intracardiac movements, events such as valve openin; 
and closure or fluttering often cannot be accurately 
depicted with two dimensional techniques, and subtle 
abnormalities of ventricular wall motion may also b« 
obscured. As is true for other characteristics of echo: 
cardiographic performance, the sampling rate varie: 
from unit to unit and may also be dependent on the 
echocardiographic depth setting ufilized. 

Display format: The display format now utilized foi 
two dimensional echocardiography is cumbersome anc 
imposes further limitations on this technique. Cur: 
rently, cross-sectional echocardiograms are displayec 
directly on an oscilloscope and the images are recordec 
onto videotape by way of a standard television camer: 
or by means of digital scan conversion for a permanen’ 
record and subsequent analysis. With either method 
the signal processing onto videotape can adversely affec 
image quality. More important, when one views a sto[ 
frame image of the echocardiogram the pattern of mo 
tion is lost as an adjunct to identifying targets; only hal: 
of the scan lines displayed in real time are exhibited, anc 
the echocardiogram is depicted for only a single interva 
in the cardiac cycle. Although technical advances may 
be expected to improve the display formats currently 
available, two dimensional echocardiography inherently 
lacks the capacity for simultaneous evaluation of cardiac 
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motion throughout the cardiac cycle that is currently 
provided by M mode techniques. 

Resolution: The development of two dimensional 
echocardiography has been accompanied by new con- 
siderations and, in some cases, limitations with regard 
to the resolution of an ultrasonic image. For example, 
resolution in the near field (the first several centimeters 
of the image) has been degraded by cross-sectional 
echocardiographic units. Cross-sectional echocardiog- 
raphy has provided another dimension to the ultrasonic 
beam that may influence the ultimate resolution of the 
image. Thus, the ultrasonic beam produced by a con- 
ventional single crystal ultrasonic transducer utilized 
either on M mode or mechanical sector scanner units is 
circular. Accordingly, the M mode beam may be thought 
of as having resolution in depth (the axial plane) and in 
a lateral direction represented as the diameter of the 
circle (Fig. 2). In contrast, the phased array cross-sec- 
tional echocardiographs have an ultrasonic beam with 
a rectangular configuration, thereby presenting an axial 
plane and two lateral planes (one parallel to the length 
and one parallel to the width of the face of the ultrasonic 
transducer). Thus, resolution in phased array two di- 
mensional echocardiographs may be compromised in 
the axial plane or in either of the lateral planes. 

Axial resolution is similar in mechanical and in 
phased array echographs and is extremely precise (in 
the range of 1 to 2 mm). In addition, electronic focusing 
has been achieved in the axis parallel to the length of the 
transducer in the transmitting mode in all phased array 
units, whereas dynamic focusing in the receiving mode 
has further refined resolution in this axis in some 
echocardiographs. Lateral resolution in the axis parallel 
to the length of the transducer has been reported to be 
approximately 2 mm in dynamically focused phased 
array devices and 4 to 6 mm in phased array units 
without this feature. Unfortunately, little attention has 
thus far been directed to resolution in the axis parallel 
to the width of the transducer. Lateral resolution is, of 
course, dependent on the distance of the targets from 
the ultrasonic transducer as well as on the level of gain 
utilized for the ultrasonic beam. At present, resolution 
in the lateral fields constitutes a major consideration in 
the development and application of two dimensional 
echocardiography, and is a characteristic that has been 
degraded in some instruments that are currently 
available. However, resolution of targets continues to 
be superior by ultrasound than by other noninvasive 
cardiac imaging techniques. 

Inability to encompass routinely entire left 
ventricular endocardium: A final point is worthy of 
consideration in regard to the physical limitations of two 
dimensional echocardiography. As with M mode echo- 
cardiography, two dimensional techniques depend on 
the reflection of ultrasonic energy from cardiac inter- 
faces that are relatively perpendicular to the ultrasonic 
beam. Although it is clearly not necessary for a structure 
to be absolutely perpendicular to this beam in order to 
reflect sufficient ultrasonic energy to be recorded in an 
echocardiogram, the more parallel a surface is to the 
plane of the transducer the less likely it is that a recog- 
nizable signal will be obtained. At present, two dimen- 


sional echocardiographs do not afford an ultrasonic 
beam of sufficiently large arc to encompass the entire 
left ventricle routinely from a point perpendicular tc 
this chamber's long axis along the left sternal border. 
Although the entire perimeter of the left ventricle may 
be encompassed by the ultrasonic beam when th« 
transducer is positioned at the cardiac apex and directed 
parallel to the endocardium of the long axis of the left 
ventricle, such images often involve significant dropout 
of the ultrasonic signals from areas of left ventriculai 
endocardium. The difficulty in continuously defining 
the endocardial perimeter of the left ventricle with twe 
dimensional echocardiography has presented a signif. 
icant limitation in the evaluation of the left ventriculai 
size and contractile pattern. Further, as would be ex- 
pected the greater the impediment to ultrasonic 
transmission within a patient the greater the difficulty 
in discerning endocardial anatomy with cross-sectional 
echocardiography. 


Ultrasonic Artifacts: Distinction From 
Cardiac Masses 


The appearance of an accumulation or group of 
echocardiographic signals within the heart during ul- 
trasonic examination is evidence of a cardiac mass. 
Many cardiac abnormalities may account for the ap- 
pearance of a cardiac mass on two dimensional echo: 
cardiography, including tumor, clot, vegetation, calci- 
fication, fibrosis and myxomatous degeneration. Twc 
dimensional echocardiography has provided enhanced 
ability to identify cardiac myxomas by ultrasound, 
especially those tumors that are sessile or located in the 
right-sided cardiac chambers. It has also enabled the 
recognition of intracardiac thrombi, particularly those 
in the left ventricle after acute myocardial infarction." 
In addition, it has aided in the detection of vegetations 
in patients with infective endocarditis, particularly 
when the right-sided cardiac valves or prosthetic devices 
have been involved. Accordingly, two dimensional! 
echocardiography has become the diagnostic method 
of choice for the recognition of cardiac masses. 

Artifacts simulating cardiac mass lesions: Un- 
fortunately, several pitfalls unique to two dimensional 
echocardiography related to instrument artifacts as well 
as to performance and interpretation of the examination 
may lead to the erroneous diagnosis of a cardiac mass. 
Thus, the use of excessive gain settings of the echograph 
may lead to the production of echoes from blood within 
the cardiac chambers that can be mistaken for an in- 
tracavitary mass (Fig. 16). This problem appears to be 
accentuated by two dimensional as opposed to M mode 
echocardiography, perhaps because of the lesser signal 
to noise ratio; this emphasizes the necessity to maintain 
ultrasonic gain settings at the lowest level necessary to 
obtain good recordings. In addition, two dimensional 
echographs that utilize phased array technology may 
produce artifacts that have been called side lobes (Fig. 
17). Although the exact cause of side lobes is not known, 
it is believed that these artifacts are the produce of 
sound energy adjacent to the main ultrasonic beam re- 
lated to the gaps between the individual elements in a 
phased array transducer. These parallel ultrasonic en- 
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FIGURE 16. Four chamber view of a two dimensional echocardiogram obtained in a normal subject in whom excessive gain settings resulted in 
the appearance of ultrasonic signals within the apex of the left ventricle (arrows). Abbreviations as before. 


ergy emissions are capable of producing ultrasonic sig- 
nals from structures outside the main interrogating 
beam and may result in the appearance of cardiac 
structures in positions other than their actual locations. 
Characteristically, side lobes produce extended echoes 
from prominent cardiac targets (such as calcium accu- 


42798500 
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FIGURE 17. Short axis view at the level of the aortic valve leaflets (A) 
obtained in a patient with prominent side lobes (SL) extending into the 
area of the right atrium. P = pulmonary valve; T = tricuspid valve. 





mulations), which are portrayed as being present 
throughout the full arc of the sector scan. A relatively 
unique artifact has been observed with a specific echo- 
graph that utilizes a multielement rotary mechanical 
transducer. This artifact, designated “HERBIE,” has 
been attributed to reverberations from the oil and 
plastic housing surrounding the ultrasonic elements. It 
usually appears as a linear rapidly oscillating signal that 
is predominantly confined to the near field in two di- 
mensional echocardiograms and can often be eliminated 
by alternate depth settings (Fig. 18). 

Anatomic simulators of a cardiac mass: Various 
anatomic considerations can also influence the spurious 
appearance of a cardiac mass on two dimensional 
echocardiography. Thus, prominent trabeculae within 
the left ventricular cavity may occasionally yield the 
appearance of a cardiac mass (Fig. °19), particularly 
simulating a mural thrombus. On occasion, prominent 
papillary muscles may be mistaken for an abnormal left 
ventricular mass, especially when only one papillary 
muscle is within the ultrasonic beam or when unusual 
tomographic planes are utilized to image the ventricle. 
Finally, normal structures that are infrequently re- 
corded (such as the Eustachian valve) or structures that 
are viewed in unusual relation to valves and myocar- 
dium (such as chordae tendineae) may be mistaken for 
intracavitary masses. Again, the echocardiographer 
must be aware of these possibilities when interpreting 
a two dimensional echocardiogram. 

Differentiation of artifacts from cardiac tumors: 
At our institution we have found certain rules to be of 
great value in distinguishing cardiac masses from arti- 
facts. Thus, it has been our experience that nearly all 
true pathologic masses exhibit some motion throughout 


1106 December 18, 1980 The American Journal of CARDIOLOGY Volume 46 


ro TOIVAL CTNOWWIPLOO VF PWV —LZHVILLINSIQINZINZAL. LWI IPNZVAPZAFYLZINZNAE EM bbe PO 





FIGURE 18. Four chamber view of an echocardiogram from a patient 
without evidence of cardiac disease. An ultrasonic artifact (M) is visu- 
alized in the left ventricle along the interventricular septum (arrow) (top), 
but is abolished by altering the depth settings of the echocardiograph 
(bottom). LV = left ventricle. 


the cardiac cycle, be it independent or in conjunction 
with that of a cardiac structure. The absence of any 
motion whatsoever is strong evidence that a conglom- 
eration of echoes represents an artifact. Second, nearly 
all pathologic masses have manifested a defined border 
that was relatively well circumscribed. Again, the in- 
ability to define the borders of the conglomeration of 
echoes is evidence that the accumulation is artifactual. 
Because all intracavitary masses without any surface 
attachment to a cardiac structure would soon be ex- 
pelled from the beart, the inability to demonstrate such 
a surface attachment is again evidence that one is not 
dealing with a true mass. Characteristically, one should 
be able to visualize a true pathologic lesion in multiple 
projections of the same anatomic area of the two di- 
mensional echocardiogram. Finally, in our experience 





FIGURE 19. Apical four chamber two dimensional echocardiograrr 
demonstrating prominent trabeculae of the left ventricle in the regior 
of the cardiac apex (arrow). Abbreviations as before. 


all thrombi that have occurred within the left ventricle 
secondary to acute myocardial infarction or cardiomy- 
opathy have been accompanied by wall motion abnor- 
malities. Therefore, one should be extremely hesitant 
to diagnose the presence of a cardiac clot in the absence 
of an abnormal ventricular contractile pattern. We have 
found that with sufficient experience it has been rare 
for us to encounter a patient in whom we could not 
distinguish with confidence a cardiac mass from an ul- 
trasonic artifact. 


Conclusion 


The ability to examine a wide area of the heart in real 
time with two dimensional echocardiography represents 
a significant advance in the diagnosis and management 
of cardiac disease by ultrasound. Research and devel- 
opment into the technology of two dimensional echo- 
cardiography continue, and at present there are ad- 
vantages and disadvantages to both mechanical and 
phased array real time cardiac echographs. It is to be 
anticipated that with future experience two dimensional 
echocardiography will play an increasingly large role in 
the management of patients with heart disease. 
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The requirements for cardiac imaging with nuclear techniques are: (1) 
a radiolabeled tracer that is distributed in proportion to the function under 
investigation; (2) a collimator to allow photons arising only from specific 
areas of the heart to interact with the imaging device; (3) an imaging 
device to convert the gamma photon energy into an electrical signal that 
can be processed and displayed; and (4) a computer to record the in- 
formation and permit quantification and optimal display of the data. One 
characteristic of nuclear imaging techniques is the requirement of aver- 
aging of a number of cardiac cycles to provide data for interpretation, 
whereas the information recorded with nuclear probes can be analyzed 
on a beat by beat basis. The data can be reviewed both visually and 
quantitatively. Semiautomatic methods of measuring ejection fraction, 
which correlate well with data from cardiac catheterization, have been 
in clinical use for several years. However, these techniques are not ca- 
pable of correctly analyzing the data from all patients. Particular errors 
occur with gating, tracking the edge of the ventricle or in the selection 
of a background area, which may result in the calculation of an erroneous 
ejection fraction. In the future, short-lived radiopharmaceutical agents 
will result in a lower radiation burden to patients and higher quality studies 
in a shorter period of time, and tomographic techniques should provide 
new insights into the structure and function of the heart. 


To measure cardiac structure or function with radionuclides, four phe- 
nomena must occur! : (1) The radiotracer must distribute in the heart 
in proportion to the function under investigation; (2) the nucleus of the 
radiolabel must undergo rearrangement to a more stable state with 
emission of a photon with sufficient energy to traverse the chest wall; 
(3) the path of the photon must allow it to pass through a hole in the 
collimator; and finally, (4) the photon must interact in a radiation de- 
tector to produce a signal that permits localization of this interaction 
(Fig. 1). These processes are quite different from those required to 
perform an ultrasonic examination. Some of the photon energy from the 
nuclear examination is deposited in the tissues of the patient resulting 
in a radiation burden from the examination. Even with “worst case” 
estimates, the burden to the organs receiving the largest dose of radiation 
is less than 2 rads and less than 1 rad to the whole body. Radiation doses 
in this range have been used for medical diagnosis for the past 50 years, 
with no identifiable ill effects. It is reasonable to expect a marked re- 
duction in radiation burden with the development of new short-lived 
gamma emitting radiopharmaceuticals such as iridium-191 (half-life 
4.9 seconds)? and krypton-81m (half-life 13 seconds).4 


The Radiopharmaceutical 


Desirable properties of a radiopharmaceutical for cardiac imaging 
include: (1) localization in the heart in direct proportion to the function 
under investigation and minimal localization in adjacent structures; (2) 
release of only gamma photons or X-rays, all with energy sufficient to 
traverse overlying tissues with no accompanying particulate radiation; 
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and (3) a half-life sufficient to permit the measurement 
to be made but to decay at a rate that minimizes the 
radiation burden to the patient. There are no radio- 
pharmaceuticals available for cardiac imaging at present 
that meet all these criteria. 

Radiopharmaceuticals usually consist of two com- 
ponents: (1) the radioactive portion, the number and 
type of emissions produced being determined by which 
radionuclide is used, and (2) the pharmaceutical, which 
determines the biodistribution of the compound. Ra- 
dioactive decay results in the rearrangement of the 
nuclear components of an unstable (excited) atom to a 
more stable condition and is associated with the release 
of energy. Because only those results of nuclear rear- 
rangement that can be detected externally are useful for 
cardiac imaging, only nuclides that primarily emit 
gamma radiation or X-ray (photons) are commonly used 
in patient-imaging studies. The concentration of the 
radiopharmaceutical in the heart provides the infor- 
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FIGURE 2. Diagrammatic representation of a technetium-99m generator 
showing the route by which saline solution is passed over the molyb- 
denum-99 (99Mo) parent which is absorbed on the alumina column to 
produce a sterile eluate of sodium pertechnetate. Pb — lead shielding; 
TcO, = pertechnetate ion. 





POSITION LOGIC 


AND AMPLIFIERS 
FIGURE 1. Diagrammatic representation of the recording 
PHOTOMULTIPLIER of cardiovascular nuclear medicine data. The patient has 
TUBES AND received a radiotracer that localizes in the myocardium 
PREAMPLIFIERS (shaded area in the patient's chest). Photons resulting 
from the decay of the radiotracer pass through the colli- 
COLLIMATOR mator (parallel lines in the radiation detector), and enter 
the sodium iodide crystal where the photon interacts to 
cause a flash of light. This light flash is detected by the 
SOURCE photomultiplier tubes and is transmitted to the scintillation 


camera electronics where the location of the interaction 
with the sodium iodide crystal is determined. The pro- 
cessed signal is sent to a computer system where it is 
stored and displayed on a screen. When the signals from 
a series of these interactions have been processed and 
displayed, the information forms the nuclear image. Nal 
= sodium iodide; TI = thallium. 


mation about the function to be measured. Although 
occasionally a radionuclide can be administered in ionic 
form to provide the desired functional information, 
usually the radionuclide with the desired physical 
properties is chemically bound to a pharmaceutical that 
determines the biodistribution. Such cardiac radio- 
pharmaceuticals include technetium-99m-labeled py- 
rophosphate?$ for evaluating calcium metabolism; ra- 
diolabeled antimyosin to detect destruction of the 
myocardial cell membrane and identify acutely necrotic 
zones of myocardium’; and carbon-11-labeled palmitic 
acid to evaluate regional myocardial metabolism.? 

Technetium-99m: The radionuclides most com- 
monly used in nuclear cardiology are technetium-99m 
and thallium-201. Technetium, atomic number 43, the 
first artificially produced element, was made by neutron 
bombardment of a molybdenum plate in the Berkeley 
cyclotron by Perrier and Segre? in 1937. However, it was 
not until 1960 that a practical generator system tc 
separate technetium-99m from the molybdenum-99m 
parent was first described by Richards.!?:!! The gen- 
erator consists of an alumina column onto which mo- 
lybdenum-99 (the radioactive parent) is adsorbed anc 
as the molybdenum-99 decays, technetium-99m (the 
daughter) can be “eluted” by the passage of saline so- 
lution (Fig. 2). 

Technetium-99m has physical properties that are 
desirable for clinical use: a half-life of 6 hours, physical 
decay primarily emitting a single photon of 140 keV 
with an abundance of 85 photons for 100 nuclear rear- 
rangements, and the convenient generator with a half. 
life of 67 hours.!? 

Technetium-99m is used in cardiovascular nucleai 
medicine primarily for infarct and blood pool imaging 
Acute infarct imaging is accomplished by chemica 
binding of technetium-99m to pyrophosphate. The ra 
diopharmaceutical appears to parallel the entry of cal. 
cium into damaged cells,!? a curious phenomenon that 
occurs even though technetium-99m pyrophosphate i: 
a larger molecule than calcium and probably has ar 
overall charge that is far lower than that of calcium ion 
Biologically, technetium-99m pyrophosphate and cal. 
cium have only a limited range of similarities, but thi: 
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does not detract from the clinical value of the proce- 
dure. 

The radiopharmaceutical used for blood pool 
imaging is technetium-99m bound to red blood cells. 
This may be accomplished by the intravenous injection 
of stannous ion, usually in the form of stannous pyro- 
phosphate, which appears to change the red blood cell 
membrane to permit the binding to erythrocytes of 
subsequently injected technetium-99m.!4 The binding 
between the technetium-99m and the red cell seems to 
require a short interval to gain stability. During initial 
circulation, about 40 percent of the technetium-99m can 
be removed from the red cells, but after 5 minutes, less 
than 2 percent of the technetium-99m can be removed 
from the cells (Leppo, Callahan, Chung, et al., unpub- 
lished observations). 

Thallium-201: Thallium was discovered by Crookes 
in 1861. In 1970 Kawana et al.!? suggested thallium-199 
as an agent for imaging the heart. However, it was not 
until Lebowitz et al.!6 developed a novel method for 
manufacturing thallium-201 that the potential of this 
myocardial imaging agent could be realized. The 
method used to produce thallium-201 involves con- 
version of stable thallium-203 to lead-201 by bom- 
bardment in a cyclotron, with subsequent decay to 
thallium-201. 

Thallium-201, although widely used for imaging, has 
two unfavorable physical properties: (1) a half-life of 
73 hours, which is much longer than that required for 
clinical measurements; Wagner and Emmons!” suggest 
that the appropriate effective half-life of a radiophar- 
maceutical for metabolic determinations should be 
0.693 X the interval of the measurement. A half-life of 
only 2.7 hours would therefore be required for myo- 
cardial perfusion and redistribution measurements 
(assuming a 4 hour interval between the initial injection 
at maximal stress and delayed imaging). Studies!®19 on 
the whole body distribution and retention of thallium- 
201 have determined that the biologic half-life of thal- 
lium-201 is 10 days. Thus, the effective half-life of 
thallium-201 in the body approaches the physical 
half-life, which results in exposure to radiation long 
after the desired measurements have been completed. 
(2) The emission’ of thallium-201, primarily the 69 to 
80 keV mercury K X-ray resulting from the decay of 
thallium-201 to mercury by electron capture, are less 
energetic than the gamma photons from technetium- 
99m, and therefore have a higher likelihood of absorp- 
tion or scatter within the body, thus limiting the quality 
of a cardiac image that can be recorded with this ra- 
diopharmaceutical. 

Thallium-201 is useful for myocardial imaging be- 
cause, as with radiopotassium, there is a linear relation 
between thallium-201 deposition and regional blood 
flow in the myocardium, kidney and skeletal muscle.2° 
Although the initial concentration of thallium and po- 
tassium in the myocardial cell appears to occur through 
mechanisms that are related to cardiac output, the rate 
of loss of these ions from the cell under both normal and 
ischemic circumstances indicates that the two sub- 
stances behave very differently.2!:22 However, this dif- 
ference in biologic behavior between thallium-201 and 


potassium does not alter the diagnostic value of thal- 
lium-201. 


The Imaging Device 


Camera: The scintillation camera is the standard 
device in nuclear medicine for imaging the heart. This 
instrument is equally sensitive to radiation across its 
field of view and is capable of localizing the relative 
position of a gamma photon interaction in the sodium 
iodide crystal of the detector. There are two common 
types of scintillation camera: single crystal?? and mul- 
ticrystal.?4 The single crystal device uses a positioning 
technique evolved by Anger: When a gamma photon 
interacts with the sodium iodide crystal it causes a flash 
of light (scintillation) to occur. The scintillation is 
brightest at the site of interaction but, because the 
crystal is clear, the light is propagated throughout the 
entire crystal. An array of photomultiplier tubes views 
the crystal, and each phototube detects some fraction 
of the light output of the event. By comparing the in- 
tensity of light observed by each tube, the location of the 
gamma interaction producing the scintillation can be 
determined. 

The multicrystal camera uses an array of discrete 
sodium iodide crystals that are viewed by a bank of 
photomultiplier tubes where each crystal causes a signal 
to appear in the unique arrangement of phototubes. 
This array approach has the advantages of high speed 
processing and a higher count rate capability than the 
Anger camera. However, the Anger camera has the ca- 
pacity for higher resolution than the multicrystal de- 
tector which, intrinsically, cannot resolve anything 
smaller than the size of a single crystal element (usually 
1 cm?). 

Collimator: In the generation of an image, only those 
photons arising from areas perpendicular or at some 
known angle to the crystal should be allowed to reach 
the detector. Because there is no method available to 
"focus" gamma rays, it is common practice to screen out 
stray photons from other areas by collimation. Only a 
very small fraction of photons arising from a radio- 
pharmaceutical in the heart succeed in passing through 
the chest wall, through the collimator and into the de- 
tector. Collimators are designed with regard to both 
resolution and sensitivity.” The primary difference in 
resolution between a high sensitivity and a high reso- 
lution collimator is the ability to define an object at a 
distance from the surface of the collimator. This dif- 
ference in resolution becomes clinically apparent even 
at distances as close as 3 cm to the face of the collimator. 
This is important because the heart does not lie directly 
on the surface of the body, but at a depth of 5 cm or 
more from the camera. 

A typical high sensitivity collimator that may be used 
to image technetium-99m or thallium-201 will have a 
resolution at the surface that permits separation of 3 
mm bars with a conventional camera. At a distance of 
10 cm, the resolution will decrease so that bars sepa- 
rated by 15 mm are barely visible. When the same ex- 
periment is performed using a high resolution collima- 
tor, the resolution at the surface is 3 mm (but count rate 
has decreased by more than 75 percent); when the 
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source is moved 10 cm away, 8 mm bars can readily be 
seen. In clinical practice, the collimator used usually 
is a compromise that maximizes the tradeoff between 
resolution needed for most studies in nuclear medicine 
at a count rate that allows the study to be completed in 
a reasonable time (generally called an all purpose col- 
limator).?9 


Computers 


Optimal features: One advantage of nuclear tech- 
niques over conventional radiography is the ease of di- 
gitizing and thus quantifying the data emanating from 
the nuclear medicine camera. The computer used in 
cardiovascular nuclear medicine should have several 
features to facilitate the acquisition and analysis of data: 
(1) the capacity for continuous viewing of both the 
cardiac image and physiologic information such as the 
electrocardiogram during acquisition; (2) the ability to 
process other data while an acquisition is in progress; 
(3) the capacity to present images in many different 
sizes, in a minimum of 64 levels or colors, that are con- 
tinuously variable and under the control of the operator 
to produce an image that the operator finds suitable for 
interpretation; and (4) the capacity to display several 
studies simultaneously (to facilitate comparison with 
previous examinations and to optimize the detection of 
changes in function). Quantitative analysis of the data 
is performed by the placement of regions of interest over 
the cardiac chambers. The computer calculates the total 
counts and picture elements in each area or can deter- 
mine the time between events from a series of images. 
The generated numbers reflect either the rate of change 
of relative blood volume with time (in the case of blood 
pool images) or the regional distribution of myocardial 
perfusion (in the case of thallium-201 images). A com- 
puter data acquisition and analysis system should be 
logical to use so that any physician or well trained 
technologist can acquire and display data without 
having to resort to an instruction manual. 

Acquisition of data: The acquisition of data on 
ventricular function can be done either with a *'list 
mode" technique in which the data are digitized as they 
occur and recorded with time and physiologic event 
markers for subsequent formatting and analysis, or 
directly in “frame mode" as a multigated acquisition 
study. The list mode approach allows decisions about 
data display to be made after the completion of acqui- 
sition, the elimination of unwanted data such as ectopic 
beats, and the formatting of the data backwards to 
permit an analysis of the filling phase of the ventricular 
- function curve. In a frame mode study, decisions must 
be made before acquisition about both the number of 
segments that are to be recorded per cardiac cycle and 
the range of heartbeats that are to be sampled. However, 
in practice eliminating a few ectopic beats or refor- 
matting data backwards has not provided information 
that could not be readily obtained from conventional 
frame mode multigated images. 


Averaging of Several Cardiac Cycles 


An assumption in cardiovascular nuclear imaging is 
that at least several heartbeats will be needed before 


sufficient photons have been accumulated in the camera 
and computer to assess accurately structure and funt- 
tion. In first transit studies the data are usually summed 
without regard for a physiologic signal, and judgment 
of commencement of each cardiac cycle is made directly 
from count data alone. In gated studies, the start of each 
cardiac cycle is identified from a physiologic marker, 
such as the R wave of the electrocardiogram, and data 
from each cardiac cycle are added in the correct tem- 
poral sequence to each of the summed previous cardiac 
contractions. Although data can be recorded on a beat 
by beat basis using probes as detectors, this cannot be 
done with current radiopharmaceuticals and imaging 
devices. As a result, cardiovascular nuclear data are 
averages of multiple cardiac cycles. If all beats are of 
similar length, there are no aberrations in the data. As 
the number of aberrant beats increases, the recorded 
information is degraded and measurements such as 
regional wall motion may become incorrect. Arrhythmia 
filtering can prevent this, but will result in an increase 
in the time required to acquire the study. 

The averaging is tolerable in most clinical situations 
because the duration of systole does not change linearly 
with cardiac cycle length. Thus, a change in heart rate 
from 80 to 100 beats/min results in a decrease in the 
systolic portion of the cycle from 340 to 310 ms (an in- 
significant alteration in the systolic phase). Neverthe- 
less, when atrial or ventricular ectopic beats are more 
frequent than 10 percent of the total beats during gated 
imaging, the data recorded are degraded. However, 
atrial fibrillation seldom results in an impaired study 
if there is a regular ventricular response. One of the most 
difficult problems we have found has been the artifacts 
that are produced by a functioning pacemaker and that 
may result in double gating. This problem can be de- 
tected by observing the electrocardiographic tracing and 
physiologic trigger, where two triggers will be seen for 
each cardiac cycle. The problem may be overcome by 
moving the electrocardiographic electrodes until either 
the pacemaker signal or the patient's own R wave is the 
dominant triggering signal. 


Calculation of Ventricular Function 


The counts approach for the measurement of 
ejection fraction: This method was first performed by 
Parker et al.2’ These investigators placed a region of 
interest over the left ventricle at end-systole, a separate 
region over the ventricle at end-diastole, and took as 
background the counts in the myocardial silhouette on 
the end-systolic frame. The tracer data from their study 
correlated with area/length calculations of ejection 
fraction obtained at contrast angiography in the same 
patients. To calculate ejection fraction, the change in 
counts from end-diastole to end-systole was calculated 
and divided by the counts at end-diastole after back- 
ground correction. These studies suggest that the ac- 
tivity seen by the detector in the left ventricle, after 
background correction, is linearly proportional to vol- 
ume. Subsequent studies have confirmed the reliability 
of the counts method for measuring both ejection 
fraction and reconstruction of the volume curve from 
equilibrium gated images.?5-9?0 
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The counts technique is not completely free of geo- 
metric considerations because of the attenuation of 
photons within the source at increasing depth. When 
the end-diastolic ventricular volume is 300 ml or less, 
the counts perceived by the detector are linearly related 
to absolute volume.”° At volumes greater than 300 ml, 
there is a progressive divergence of the perceived counts 
and the true ventricular volume so that at 500 ml the 
counts method is no longer valid. Another problem with 
the counts method of measuring ventricular function 
is the need for a background correction (a problem that 
also limits quantification of thallium images).?! There 
is no one method for correcting background that is en- 
tirely accurate—that is, one that would simulate activity 
arising behind the ventricle if the chamber were re- 
placed by a nonradioactive object with the attenuation 
of blood and muscle. In clinical practice, the left ven- 
tricular background on the blood pool scan is approxi- 
mated using a zone just posterior to the left ventricle in 
the left anterior oblique projection, which provides a 
value that corrects for Compton’s scatter and the left 
atrial and pulmonary activity contributing to the per- 
ceived left ventricular activity. 

Method of identifying the edge of the left ven- 
tricle: The method of placing the region of interest over 
the left ventricle is critical to the accuracy of measure- 
ment of ejection fraction and end-diastolic filling rates. 
If a single region placed on the end-diastolic ventricle 
is used for computation of the remainder of the cardiac 
cycle, the ventricle may shift during contraction and 
either the left atrium or right ventricle may appear 
under this region of interest. Should this occur, the 
calculated ejection fraction will be too low. More accu- 
rate methods track the left ventricular outline during 
the entire cardiac cycle and thus minimize the oppor- 
tunity for erroneously including the left atrium or right 
ventricle in the region of interest during ventricular 
systole.?9 

The two common methods used for identifying the 
edge of the left ventricle are threshold analysis, which 
detects the edge of the left ventricle as a point below a 
percent of the peak counts in the ventricle, and mea- 
surement of a second derivative, which places the edge 
of the ventricle where a certain rate of change in counts 
occurs. The algorithm searches from the center of the 
ventricular blood pool, identified by the computer op- 
erator, until the preset parameters are reached, at which 
time the computer identifies that as an edge.?? No 
method of semiautomatic edge analysis works perfectly 
in every patient. The final quality control of these 
analyses rests with the physician performing the study. 
If the ejection fraction calculated by the computer using 
semiautomatic edge detection does not match with that 
observed visually, the computation should be repeated 
and the error in computation identified. In some pa- 
tients, particularly those with a large right ventricle or 
left atrium, the semiautomatic programs will not work 
at all. In these patients, the end-systolic frame should 
be identified visually from the cinematic presentation 
and a region of interest drawn manually over this image. 
The counts in the end-systolic region of interest should 
then be compared with those in an end-diastolic region 


of interest. After background correction, the ejection 
fraction may then be computed. 


Evaluation of Technical Data Adequacy 


Image quality: Before the images are analyzed in 
detail, it is important to assess the technical adequacy 
of the collected data. This can be done by evaluating the 
sharpness of the borders of the heart and the adequacy 
of the triggering signal. Patient motion, inadequate 
complexation of the technetium-99m to the red cells, 
marked obesity or improper setting of the scintillation 
camera pulse-height analyzer will all contribute to poor 
image quality. If the borders of the heart are well de- 
marcated, the image should then be evaluated for the 
adequacy of gating. 

Problems with gating: Two types of problems occur 
with gating—regular and irregular. Regular occurrences 
(those with a fixed relation to the R wave) will produce 
a characteristic step in the data and will appear as a 
sudden coarsening or decrease in the brightness of the 
image in the last several frames. To test for this prob- 
lem, the total number of events recorded in each data 
frame should be evaluated. A variation of less than 10 
percent in total counts/frame from the first to the last 
frame should be found when data from the entire field 
of view are recorded. (Although blood volume of the 
heart changes during the cardiac cycle, the atria fill out 
of phase with the ventricles, and the blood ejected by 
the heart enters the lungs and aorta, which are also in 
the field of view; therefore, no change in total counts 
should be seen.) Irregular gating disturbances in pa- 
tients with a loose electrocardiographic lead, atrial fi- 
brillation with a wide variation in ventricular response 
or multiple premature ventricular complexes can result 
in uniform data in each frame but the chambers may 
appear hypokinetic or akinetic. These problems should 
be detected and corrected during data recording. 

Calculation of left ventricular volume: After the 
calculation of ejection fraction based on the counts 
approach previously described, the absolute volume of 
the left ventricle should be determined. Two approaches 
to this measurement have been suggested: (1) geometric 
methods from the outline of the ventricle corrected for 
picture element size??; and (2) counts methods cor- 
recting the perceived activity for attenuation.?? Both 
the geometric and counts method have been validated 
by comparison with contrast angiographic measure- 
ments. The weakness of the geometric method is the 
reliance on careful definition of the borders of the left 
ventricle, whereas the weakness of the counts method 
is the requirement for a precise measurement of the 
attenuation in that patient. These measurements of 
attenuation for technical reasons, are extremely difficult 
to perform precisely in every patient. The combination 
of absolute end-diastolic volume and ejection fraction 
permits calculation of cardiac output and stroke volume 
from these tracer procedures. 

After technical assessment, the study is evaluated for 
overall heart size and individual chamber and great 
vessel size and function. The approaches to making 
these interpretations and the reliability of the results 
are covered in separate articles in this Symposium. 
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TOMOGRAPHIC SECTIONS 


FIGURE 3. Emission planar tomogram recorded with a 25° slant hole collimator from a patient who received thallium-201. The planar images recorded 
with the parallel hole collimator in the anterior view (left) and 45° left anterior oblique (LAO) view (right) are shown above. The tomogram was recorded 
in the left anterior oblique position. The relative location of each slice is indicated on the anterior view by the white lines. Although the study could 
clearly be judged as abnormal from the planar views, the extent of abnormality in the septum and apicoinferior walls is best appreciated from the 
tomographic images. 


FIGURE 4. Tomographic blood pool 
images obtained by two different 


SYSTOLE methods. Left, transverse sections 
obtained using a positron camera and 
carbon monoxide as the blood pool 
label. Right, tomographic sections 

DIASTOLE obtained using a 25° rotating slant hole 


collimator in the left anterior oblique 
45° projection and technetium 99- 
m-labeled red blood cells. 
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Intervention studies: Finally, once cardiac structure 
and function have been determined at rest, an inter- 
vention study may be indicated. Intervention images 
are obtained to determine if exercise, pacing or drug 
infusion causes changes in the expected regional and 
global ventricular function. Pre- and postintervention 
examinations are compared to detect changes in ejection 
fraction, regional wall motion and cardiac chamber 
volumes. An additional variable that can be quite useful 
in the analysis of interventions is an evaluation of 
changes in pulmonary blood volume? (probably a re- 
flection of left atrial pressure). 


Conclusions 


The application of nuclear techniques to measure- 
ments of cardiac function is in its infancy. These tech- 
niques, which began to have clinical use in the early 
1970s, have now evolved to a point where they are rou- 
tinely used in many laboratories across the country. The 
studies provide information regarding the quality of 
cardiac function as well as the distribution of regional 
perfusion, variables that previously could only be 
measured by cardiac catheterization and contrast an- 
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giography. Computer processing and special collimation 
when recording nuclear images provide the ability to 
obtain tomographic data from the heart. The most 
common technique uses the multiaperture pinhole 
collimator.?9 This tomographic technique appears to 
improve the specificity of thallium images. Several other 
collimators have recently been suggested to accomplish 
tomographic imaging such as the fixed angle slant hole 
and variable angle slant hole collimators (Fig. 3). Ap- 
plication of the tomographic approach to gated imaging 
should provide some unique methods of estimating re- 
gional wall motion (Fig. 4). Although tomography can- 
not as yet be used for absolute data quantification (an 
intrinsic problem with the form of data collection and 
analysis), relative changes in activity from one portion 
of the image to another can be defined and quantified. 
As experience increases, the appropriate questions to 
ask will become more apparent and the patients who 
would best benefit from these procedures more clearly 
defined. The ability to detect abnormal cardiac function 
at rest or after interventions and to study outpatients 
as well as acutely ill patients in intensive care units adds 
a new dimension to clinical cardiology. 
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Two dimensional echocardiography, because of its wide field of view, has 
been shown to be superior to the M mode approach for ultrasonic evalu- 
ation of the left ventricle. The use of this technique for determination of 
ventricular volume estimates and detection of asynergy has been prom- 
ising but is limited by compromised image quality found in many patients 
with ischemic heart disease. Because it supplies cross-sectional infor- 
mation about the ventricular chamber and wall thickness simultaneously, 
this new technique lends itself to the anatomic localization of changes 
in regional performance that accompany ischemic heart disease. It allows 
simultaneous study of regional dynamic changes in chamber circumfer- 
ence, wall thickness and motion characteristics that give practical in- 
formation on coronary artery disease and acute myocardial infarction. 


In the past decade, M mode echocardiography has become a useful 
clinical approach for the evaluation of left ventricular chamber size, wall 
thickness and motion characteristics.!-? The recent development of 
practical two dimensional echocardiographic systems has now stimulated 
a renewed interest in the evaluation of ventricular performance using 
ultrasound because of its wide field of view and spatial integration of 
anatomic target information.? 

Two dimensional echocardiography presents information in cross 
section, thus differentiating the informational content of the image from 
those derived by other methods. Cardiac images based on static (chest 
X-ray) or dynamic (fluoroscopic, cineventriculographic or radioisotope 
angiographic) approaches represent the heart and chambers as sil- 
houettes. These techniques have been particularly successful in esti- 
mating left ventricular volume because of the overall integration of the 
ventricular chamber within the image. Thus, area-length determinations 
in one or two representative projections may be readily performed. Es- 
timations of overall left ventricular performance such as ejection fraction 
can then easily be obtained. 

Two dimensional echocardiography can also be used to estimate 
ventricular volumes with some relative success. However, echocardio- 
graphic estimates lack the overall integrative capacity of the silhouette 
techniques for reliably visualizing the ventricular margins in one or two 
ideal planes that allow for such determinations. Instead, the echocar- 
diographer must serially visualize the ventricle in multiple viewing planes 
to evaluate the entire ventricular anatomy. This does not mean that two 
dimensional echocardiography is intrinsically less useful for evaluating 
left ventricular performance. On the contrary, there is no other technique 
that can clearly image the dynamic changes in the cardiac muscle and 
chamber size simultaneously. This unique combination of ventricular 
functional information should now stimulate the search for new and 
perhaps better descriptors of ventricular performance than have pre- 
viously been available. 


December 18, 1980 The American Journal of CARDIOLOGY Volume 46 1117 


Lori VCNIMIULE UIN IWU VIMENDSIUNAL CUNUULCAKVIUGHAPHY—SIACK AND KISSLO 





FIGURE 1. Transducer orientations for evaluation of the long axis of 
the left ventricle. For details, see text. 


Echocardiographic Techniques 


Long and short axis views of the left ventricle: 
The simplest approach for the understanding of the 
multiple views utilized in two dimensional echocardi- 
ography is to imagine two basic cardiac axial orienta- 
tions: the long axis (Fig. 1) and the short axis (Fig. 2). 
Examination of the left ventricle is usually begun in the 
long axis (Fig. 1, panel Ia) by placing the transducer on 
the chest wall in the second, third or fourth left inter- 
costal space and angling the scan plane parallel to an 
imaginary plane from the patient’s right shoulder to the 
left subcostal margin. This plane intercepts the long axis 
of the left ventricle from the aortic root to the region of 
the left ventricular apex. The interventricular septum 
and the posterior ventricular wall can generally be 
evaluated in this view. 

Another long axis view, termed the apical long axis 
or the apical four chamber view (Fig. 1, panel Ib), is 
obtained by placing the transducer over the ventricular 
apex, rotating approximately 90° clockwise and then 
angling cephalad through the ventricle.!? This plane of 
view intercepts the apical, septal and anterolateral walls 
of the left ventricle. 

Serial short axes of the heart may be obtained by 
rotating the transducer 90° in the original left para- 
sternal long axis and then sequentially angling the in- 
terrogating plane at the level of the aortic root (Fig. 2, 
panel III), mitral valve orifice (panel IV), papillary 
muscles (panel V) and apex (panel VI). Evaluation of 
the left ventricular chamber in short axis is generally 





incorrect 


FIGURE 3. Schematic diagram showing images resulting from correct 
and incorrect transducer angulation. For details, see text. 


correct 





FIGURE 2. Transducer orientations for evaluation of the serial short 
axes of the left ventricle. For details, see text. 


accomplished using the latter three views. They allow 
imaging of the posterolateral, anterolateral, septal and 
inferior walls from the base to the apex. 

Transducer angulation: Particular care must be 
taken during the examination procedure to angle the 
interrogating plane properly through the true long or 
short axis of the ventricle. Improper angulation of the 
scan plane tangentially through the ventricle will result 
in distortion of the appearance of the ventricular long 
axis. The characteristic normal elliptical configuration 
will then appear circular or cut off near the apex and 
origins of the papillary muscles. In the short axis, the 
problem is recognized when the normal circular ap- 
pearance of the cavity in this axis appears elliptical or 
oval in shape (Fig. 3). In addition, the papillary muscles 
appear midway around the ventricular circumference 
rather than posteriorly, and there may be reciprocal 
thickening and thinning of the chamber walls on op- 
posite sides of the ventricle. 

Echocardiographic imaging system: Multiple ul- 
trasonic systems have been devised for viewing the left 
ventricle in the cross-sectional format.!! Illustrations 
in this manuscript were obtained using a previously 
described!?.!? real time, phased array imaging system. 
This device utilizes a handheld, 24 element transducer 
array that measures 14 by 24 mm at the site of skin 
contact and relies on phased array principles to elec- 
tronically steer and focus the sound beam through the 
structures under investigation. Real time, cross-sec- 
tional images of cardiac structures are presented in a 
circular sector format 50°, 60? or 90? in azimuth at a 
frame rate of 30/s. Images are permanently recorded on 
videotape for later playback and analysis. 

Much detail is lost in the single frame scan images 
that constitute the illustrations in this paper. They 
were made from videotape recordings by means of a 35 
mm photograph of the sector arc in the stop frame 
mode. As such, there is a loss of visual integration of 
motion that normally accompanies real time playback. 
Moreover, there is a severe degradation in image quality 
caused by photographing a single frame from the vid- 
eotape recording because an individual videotape frame 
represents the scan information collected in 1/60th of 
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a second. During operation in the 90° 160 line format, 
therefore, each single frame video field shows only one 
half (80 lines) of the information provided in the real 
time scan. 


Estimation of Left Ventricular Volume 


Several studies have shown a significant correlation 
between M mode echocardiographic and contrast an- 
giographic estimates of left ventricular volumes and 
ejection fraction. However, it has become apparent that 
when the ventricle becomes grossly enlarged!*!° or 
contains significant regional wall abnormalities,!*!8 the 
correlation with angiographic estimates of ventricular 
volume rapidly deteriorates. Most of the problems in 
estimating volumes with the M mode technique are 
related to the small sampling area afforded by the beam 
from a single stationary ultrasonic crystal. Two di- 
mensional echocardiography, by providing more target 
information, could theoretically improve volume esti- 
mates. In vitro studies have shown a remarkable po- 
tential for accurate volume determinations with the 
cross-sectional technique. However, initial clinical 
studies have shown a greater variability in the relation 
between two dimensional and other established mea- 
sures of left ventricular volumes. 

Correlations with experimental measurements 
of ventricular volume: A recent study by Eaton et al.!9 
has examined the accuracy of two dimensional echo- 
cardiography to measure the volumes of latex-filled 
balloons and formalin-fixed canine hearts in vitro using 
Simpson’s rule. Simpson’s rule states that volume can 
be calculated by dividing a three dimensional object into 
slices of known thickness and surface area. The volume 
of the object is equal to the sum of the volumes of each 
slice: Volume = ZAH, where A is the surface area de- 
termined with planimetry and H is the height of each 
slice. By using this technique, it was found that the 
calculated volumes of the latex balloons and the for- 
malin-fixed hearts correlated extremely well with direct 
volume measurements having correlation coefficients 
of 0.99 and 0.98, respectively. To approximate in vivo 
measurements, Eaton then used Simpson’s rule to 
measure the volumes of isolated, cross-perfused, 
ejecting canine hearts and compared those values with 
direct measurements obtained using a volumetric dis- 
placement chamber. 'The correlation was again very 
close (r = 0.97). 

Clinical correlations with angiocardiography: 
Several clinical studies have been performed to estimate 
left ventricular volumes. Folland et al.?? studied various 
geometric models to estimate volume using two di- 
mensional echocardiographic images and compared 
them with angiographic and radionuclide volumecsti- 
mates. Use of a modified Simpson's rule approach with 
one long axis and three short axis images gave the closest 
correlation with angiographic volume estimates. Esti- 
mations of end-systolic volume revealed the closest 
agreement with single plane angiographic estimates (r 
— 0.86). Estimates of end-diastolic volume and ejection 
fraction showed less consistent relation to the angio- 
puraphie measures. Combining all end-diastolic and 


end-systolic volume data points improved the correla- 
tion (r = 0.84), but a large standard error of the estimate 
(43 cc) remained. Comparison of echocardiographic and 
first pass radionuclide angiographic estimates of ejec- 
tion fraction gave a correlation coefficient that was 
similar to that of the comparison of the echocardio- 
graphic and cineangiographic estimates (r = 0.75). The 
study group consisted of 35 patients, 20 of whom showed 
regional contraction abnormalities on cineangiography, 
and 8 of whom had ventricular volumes greater than 200 
cc. Thus, although the relation between the estimates 
of ejection fraction obtained with two dimensional 
echocardiography and cineangiography was relatively 
weak, they were in much closer agreement than were 
those obtained with simultaneous M mode echocardi- 
ography. 

A similar study recently published by Schiller et al.?! 
compared biplane angiographic and two dimensional 
echocardiographic estimates of end-diastolic and end- 
systolic volumes and ejection fraction among the 30 
patients. A closer relation between the two techniques 
was shown in this study even though the percent of 
patients with regional wall motion abnormalities was 
slightly greater than that in the previously mentioned 
study group. The advantage of the integrated target 
information provided by the two dimensional approach 
in comparison with the M mode approach was again 
demonstrated when simultaneous M mode volume es- 
timates were compared with angiographic estimates in 
23 of the patients. The intraobserver variation for 
cross-sectional echocardiographic volume estimates in 
Schiller's study varied by only +4 percent. Interobserver 
variation, tested by a regression analysis of the echo- 
cardiographic volume data calculated by two different 
observers, yielded a correlation coefficient of 0.82, 0.95 
and 0.95 for end-diastolic and end-systolic volumes and 
ejection fraction, respectively. Silverman,?? Carr?? and 
Schiller?* and their co-workers all performed favorable 
comparisons of two dimensional and angiographic de- 
terminations of volume in small series of children and 
adults. The levels of inter- and intraobserver variability 
were acceptable in each study. 

Clinical limitations of two dimensional echo- 
cardiography: Despite these findings, certain factors 
limit the practical utility of two dimensional echocar- 
diography for the estimation of left ventricular volumes. 
Variation between in vitro and the range of in vivo 
correlations suggest that the difficulties imposed by 
viewing the heart through the intact chest wall are sig- 
nificant. Target acquisition and overall image quality 
tend to vary widely among patients. These variations 
represent the greatest limitation to the use of two di- 
mensional echocardiography for routine clinical volume 
determinations. This is particularly true among older 
patients who are studied for evaluation of coronary ar- 
tery disease. In a recent study? comparing two di- 
mensional echocardiography with quantitative angi- 
ography for the detection of wall motion abnormalities, 
clinically useful information with clear visualization of 
isolated ventricular segments could be obtained in 89 
percent of the patients. However, visualization of the 
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FIGURE 4. Results of double-blind analysis (left) and after discrepancy 
analysis (right) in comparison of two dimensional echocardiography 
and cineangiography in the detection of asynergy. For details, see 
text. 





DOUBLE BLIND 


entire left ventricle could be obtained in only 60 percent 
of the patients. Thus, two dimensional echocardiogra- 
phy is clinically most useful for the analysis of segmental 
regions of the myocardium and is generally less effective 
as a global descriptor of left ventricular chamber size. 
To date, there has been no report of a large series in 
which two dimensional echocardiography was used for 
this purpose in a wide variety of disease states. 


Imaging of the Left Ventricular Myocardium 


Experimental determination of left ventricular 
mass: Several experimental studies were performed to 
attempt to quantitate the mass of myocardium more 
precisely with two dimensional echocardiography. Be- 
cause of the lack of an adequate standard of measure- 
ment in vivo, most of these studies involved the com- 
parison of cross-sectional in vivo estimates with direct 
measures of left ventricular mass at autopsy in dogs. 
Wyatt et al.?6 recently analyzed seven mathematical 
models for quantifying left ventricular mass from in vivo 
echocardiographic measurements in 21 dogs. Using a 
modified Simpson's rule model, they found an ex- 
tremely close relation between ultrasonic and post- 
mortem measurements (r = 0.95). They also found a 
similar relation using an area-length (AL) model with 
the left ventricle represented as an ellipsoid toward the 
apex and a cylinder near the base (V = 5/6 AL). The 
correlation coefficient was 0.94 with a standard error of 
the estimate of 11 g. Both methods allowed the data 
points to cluster closely about the line of identity and 
resulted in a percent error of only 6 € 1 percent (mean 
+ standard deviation). These results have recently been 
confirmed by other investigators. Salcedo et al.?7 re- 
ported a correlation of 0.97 when comparing two di- 
mensional estimates with anatomic left ventricular mass 
measurements in 19 dogs, whereas Schiller et al.?? re- 
ported a correlation of 0.96 with postmortem mea- 
surements using paired long and short axis views in the 
dog model. 

Analysis of regional wall motion abnormalities: 
In addition to its value in quantifying left ventricular 
mass, two dimensional echocardiography has also been 
shown to be very useful for analyzing abnormalities in 


regional wall motion characteristics such as those seen 
in ischemic heart disease. Meltzer et al.?? utilized two 
dimensional analysis of regional asynergy to assess the 
efficacy of interventions designed to alter myocardial 
infarct size in dogs. They found that infusions of ni- 
troglycerin significantly decreased, whereas phenyl- 
ephrine significantly increased the percent abnormal 
wall motion over a period from 20 minutes to 5 1/2 hours 
after coronary occlusion. Control dogs given saline so- 
lution alone showed no significant change in percent 
wall motion abnormality after the initial 20 minutes 
after occlusion. 

'The ability of two dimensional echocardiography to 
detect wall motion abnormalities has been the subject 
of several clinical studies as well.???! Using two di- 
mensional echocardiography, Weyman et al?? identified 
each of 31 patients with angiographically proved an- 
eurysms and this approach was far superior to other 
common clinical indicators including electrocardiog- 
raphy, physical examination, chest X-ray film and M 
mode echocardiogram. 

The relation between two dimensional echocardio- 
graphic and quantitative biplane cineangiographic 
localization of asynergy in human subjects has recently 
been defined.” Double-blind comparison of movement 
in five wall segments were compared in 105 consecutive 
patients undergoing cardiac catheterization (525 total 
segments). On double-blind analysis, 95 segments were 
not adequately visualized echocardiographically (Fig. 
4, left panel). Among the remaining 430 segments, re- 
sults of echocardiography and cineangiography agreed 
in 375 segments (87 percent) whereas discrepancies 
occurred in 55 segments (13 percent). A retrospective 
review of these discrepancies revealed easily recogniz- 
able reasons for the differences in 54 of the 55 dis- 
crepancies (Fig. 4, right panel). Thirty-four dis- 
crepancies were attributed to echocardiography and 15 
to angiography; 6 were termed indeterminate. Of the 34 
discrepancies attributable to echocardiography, 10 re- 
sulted from observer error and 19 from inadequately 
visualized echo targets that were previously judged 
adequate. Despite the care taken to position the trans- 
ducer properly on the chest wall, four errors were caused 
by tangential angulation of the transtlucer. Most of the 
15 angiographic discrepancies resulted from the su- 
perimposition of abnormally contracting wall regions 
over the normally contracting portions of the ventricle 
(Fig. 5); for example, when severe anterior wall asynergy 
was present the abnormally contracting anterior wall 
was superimposed over the interventricular septum in 
the left anterior oblique angiographic view, thus ob- 
scuring true septal wall motion. The six discrepancies 
termed indeterminate were so classified because they 
could not readily be attributed to either imaging tech- 
nique. 

Because the double-blind analysis revealed that in- 
adequate endocardial targets accounted for the most 
frequent error by echocardiography, the echocardio- 
grams were carefully reviewed in an effort to establish 
minimal criteria for assessing the adequacy of an echo 
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FIGURE 5. Sequential diastolic (A and D) and systolic (B and E) angiographic frames from the same patient as in Figure 6. The right anterior oblique 
(RAO) view is shown in top row and the left anterior oblique (LAO) view at bottom. Note the large ventricular aneurysm and contracting base in 
C. The arrows in E point to the contracting base, which is poorly visualized through the silhouette of the aneurysm in the left anterior oblique view 
(F). These findings were similar to those predicted by two dimensional echocardiography. 


image. On review, it was clear that at least 50 percent 
of the endocardium in any one wall region must be 
visualized throughout the cardiac cycle in order to 
predict reliably the presence or absence of asynergy. 
These data indicate that accurate evaluation of the left 
ventricle for asynergy is possible with two dimensional 
echocardiography. However, proper appreciation of 
correct technique and the limitations of both echocar- 
diography and cineangiography are necessary. 

These findings have been supported by Heger et al.,?? 
who compared echocardiographic localization of asyn- 
ergy to electrocarfiographic findings and evidence of 
necrosis at autopsy. Nineteen of 20 patients with elec- 
trocardiographic evidence of acute inferior infarction 
had asynergy in the posterior segments, all 14 patients 
with acute anterior infarction had asynergy in anterior 
segments, and all 3 patients with anteroinferior in- 
farction had asynergy in anterior and posterior seg- 
ments. In four patients examined at autopsy, 21 of 22 
segments showing asynergy on two dimensional echo- 
cardiography also had pathologic evidence of infarc- 
tion. 

Quantitative determination of wall motion ab- 
normalities in ischemic heart disease: Quantitative 
analysis of wall motion abnormalities has been shown 
to be superior to qualitative visual inspection in de- 
tecting asynergy with cineangiography.?4?^ In a recent 
abstract, quantitative analysis of regional wall motion 


abnormalities was applied to two dimensional echo- 
cardiography in the short axis views.?9 Twenty-eight 
patients who had undergone diagnostic cardiac cathe- 
terization were classified into two groups on the basis 
of (1) the presence of normal coronary arteries, or (2) the 
presence of proximal single vessel coronary artery dis- 
ease associated with asynergy on angiographic exami- 
nation. Mean and standard deviation normal values for 
absolute and relative end-diastolic and end-systolic wall 
thickness and hemiaxial shortening were determined 
from patients in the normal group. These measurements 
were obtained from 24 radii adjusted for rotation about 
the short axis and determined from the centroid of the 
left ventricle. Compared with normal subjects, patients 
with coronary artery disease showed abnormal (greater 
than 2 standard deviations) reduction in percent wall 
thickening (15 of 15), diminished hemiaxial shortening 
(14 of 15) and increased end-diastolic radius to wall 
thickness ratio (13 of 15) along the radii affected by the 
distribution of the coronary involvement. 

This propensity for ischemic myocardium to thin 
during systole is shown in the following examples. 
Figure 6 shows sequential diastolic and systolic frames 
from the short axis of the left ventricle in a patient at 
rest with minor coronary obstructive disease. Systolic 
chamber circumference and radial shortening are nor- 
mal and wall thickening is uniform. In contrast, the 
sequence of postexercise systolic wall thinning shown 
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in Figure 7 occurred in a patient who manifested normal 
thickening at rest. Subsequent cardiac catheterization 
revealed severe obstructive disease in a dominant cir- 
cumflex coronary artery supplying the area of noted wall 
thinning. Despite the striking differences in these pa- 
tients, practical clinical experience in assessing wall 
motion abnormalities by this approach is limited at the 
present time. 

Sequential changes after acute myocardial in- 
farction: In addition to the detection of asynergy, two 
dimensional echocardiography has now been used to 
actually observe sequential changes in the myocardium 
after acute infarction.?? Eight dogs were followed up 
sequentially for 6 days after ligation of the mid portion 
of the left anterior descending coronary artery distal to 
the first septal perforator. Alterations in systolic radial 
shortening and wall thickening along 24 equidistant 
radii about the ventricular short axis were analyzed and 
compared with baseline measurements. Initial diffuse 
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FIGURE 6. Sequential diastolic (A) and 
systolic (B) stop frames from a patient 
with minor coronary artery disease at 
the level of the short axis papillary 
muscles. Ventricular wall thickening is 
uniform. 
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systolic radial lengthening and absence of wall thick- 
ening were noted along radii involving a segment from 
the anterior interventricular groove to the anterior pa- 
pillary muscle. Serially, there was a progressive return 
of radial shortening, preceded by increased wall thick- 
ening along the margins of the involved segment. Ulti- 
mately, a well demarcated area characterized by absent 
systolic radial shortening and wall thickening remained 
where increased ultrasonic speckle and shadowing 
corresponded to early scar formation on postmortem 
examination. 

This ability to detect changes in regional wall con- 
figuration after acute myocardial infarction has recently 
been applied to human beings. Postmortem studies®® 
have shown that among patients dying within 30 days 
of acute infarction as many as 72 percent will show 
histologic evidence of regional thinning and dilatation 
of the infarcted area beginning within 1 week of acute 
infarction. This process generally occurs without his- 





echocardiogram was obtained after exercise in a patient with severe coronary occlusive disease and shows posterolateral and inferior wall systolic 
thinning. 
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tologic evidence of infarct extension after the acute 
event and has been termed “infarct expansion.” 
Pathologic evidence suggests that infarct expansion 
results from intramyocardial rupture of necrotic muscle 
fibers and appears to be of much greater hemodynamic 
and prognostic importance than actual infarct exten- 
sion,28.39 

Eaton et al.4° recently used two dimensional echo- 
cardiography in an attempt to detect noninvasively 
significant infarct expansion in the first 2 weeks after 
acute infarction in 28 patients. Eight of these patients 
showed gross infarct expansion on echocardiography 
beginning within 3 days of the infarction. These patients 
could not be separated from the patients without sig- 
nificant expansion by the usual clinical indicators of the 
extended infarction. One important difference soon 
became evident: the 8 week mortality rate in the pa- 
tients with infarct expansion was 50 percent whereas no 
deaths occurred in patients who did not have infarct 
expansion on serial two dimensional echocardiographic 
examination. It is also important to note that all the 
surviving patients who had been shown to have infarct 
expansion on echocardiography continued to have 
congestive heart failure after discharge from the hos- 
pital. 


Clinical Use of Two Dimensional 
Echocardiography 


These data indicate that two dimensional echocar- 
diography can be a useful tool for the noninvasive 
evaluation of the left ventricle in human beings when 
image quality is good. The spatial integration of target 
information into tomographic sections of the heart 
provide important information regarding dynamic 
changes in chamber size, wall thickness and motion 
characteristics in real time. 


Although experiments designed to test in vitro two 
dimensional echocardiographic measurements have 
demonstrated a remarkable potential for accurate 
analysis of chamber size and global ventricular perfor- 
mance characteristics of the ventricle, in vivo studies 
have been unable to reproduce as high a degree of pre- 
cision. The major limitations to in vivo measurements 
have been inadequate target acquisition and an insuf- 
ficient signal to noise ratio in some patients, which may 
prohibit adequate definition of myocardial targets. This 
may cause major areas of dropout in any given tomo- 
graphic plane, precluding accurate global ventricular 
analysis. At this stage of its development, two dimen- 
sional echocardiographic assessment of the ventricle 
appears limited in acquiring adequate target informa- 
tion to allow widespread clinical use for volume deter- 
mination. However, the unique capabilities of two di- 
mensional echocardiography to study simultaneously 
regional dynamic changes in chamber circumference, 
wall thickness and motion characteristics may be more 
practical. It is likely that some combination of quanti- 
tative descriptors based on regional ventricular alter- 
ations will become useful. 

Two dimensional echocardiography appears to pro- 
vide data on hitherto unknown sequential changes in 
wall thickness and motion in selected patients after 
myocardial infarction. The ability to detect infarct ex- 
pansion noninvasively may also have very important 
prognostic and possibly therapeutic implications. Ad- 
ditional improvements in evaluating patients with 
coronary artery disease would include extension of the 
preliminary study described herein with quantitation 
of regional wall motion abnormalities by using tech- 
niques such as hemiaxial measurements. Also, new 
variables based on changes in the myocardium during 
physiologic stress must also be explored. ` 
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Noninvasive imaging with radioactive tracers has become widely used 
since its introduction in the early 1970s. Improvements continue to be 
made in the techniques and the clinical applications. Much of the infor- 
mation provided by these techniques is new. The first transit studies are 
used mainly in the evaluation of pulmonary transit time, detection of in- 
tracardiac shunting, evaluation of right ventricular function, measurement 
of ejection fraction and detection of wall motion abnormalities at rest and 
after exercise. The gated blood pool study is found to be most useful in 
assessment of global left ventricular function, regional wall motion, valve 
regurgitation and right ventricular function. 

The techniques of nuclear cardiac imaging are noninvasive, simple, 
successfully performed in almost 100 percent of cases. They are easy 
to interpret, able to be quantified and able to be almost totally automated. 
Their use is likely to become more widespread in the future. 


The earliest studies of the pumping function of the heart with radioactive 
tracers were performed over 50 years ago by Blumgart and Weiss! in 
Boston. These investigators measured the velocity of the circulation in 
normal persons and patients with various types of heart disease by in- 
jecting a solution of radon in one arm vein and measuring the time of 
arrival of the activity in the opposite arm by means of a cloud chamber. 
This concept was further developed in 1948 when Prinzmetal et al.2 
positioned a radiation detector over the heart and monitored the passage 
of a bolus dose of intravenously injected tracer as it passed beneath the 
detector. They called the resultant curve the radiocardiogram. Since 
then, major improvements made in radioactive tracers, detection 
equipment and data processing have greatly improved the amount of 
information available. 

Today, radioactive tracers provide a simple noninvasive and repro- 
ducible means of monitoring both regional and global ventricular 
function. The studies fall into two major categories: (1) first transit 
studies, in which the injected bolus dose is monitored only during its first 
passage through the heart and great vessels, and (2) equilibrium studies, 
in which the tracer mixes within the blood pool before data collection. 
Often the two studies are combined and first transit data are collected 
before the equilibrium studies. Each study has its own strengths and 
weaknesses. 


First Transit Studies?-11 


Figure 1 shows 16 images obtained at 1 second intervals after the in- 
travenous injection of technetium-99m-(Tc-99m) labeled red blood cells, 
with the face of an Anger scintillation camera placed over the heart. 
Although the resolution of the images is not as good as those obtained 
with contrast ventriculography, the anatomical relations of the cardiac 
chambers and great vessels can be identified as the tracer passes through 
the heart. Better perception of ventricular function, especially global 
and regional wall motion, is achieved by using a cinematic display made 
by recycling the images over and over again. Identification of specific 
structures is aided by color coding so that, for instance, all structures 
imaged before peak activity in the lungs are one color and those imaged 
after the lung peak activity another.!? 
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FIGURE 1. Images obtained at 1 second intervals after the intravenous 
injection of technetium-99m-labeled red blood cells with the detector 
placed over the heart of a normal person. The size and anatomic relation 
of the cardiac chambers, great vessels and lungs can be identified. 


Figure 2 is the time-activity curve as a bolus of ac- 
tivity passes through the regions of interest over the 
superior vena cava. The adequacy of the injection is 
judged from this curve. Best results are achieved by 
keeping the volume of the injected bolus dose as small 
as possible and injecting through a central or large pe- 
ripheral vein.!? The full width of this vena cava curve 
at half its maximal value should be no greater than 2 to 
3 seconds. 

Figure 3 shows a series of time-activity curves; the 
first peak is the time-activity curve of the tracer in the 
right ventricle, the second peak the lungs and the third 
peak is the left ventricle. From these curves we calculate 
the mean transit times of the tracer as it passes through 
the cardiac chambers and the lungs.!^!5 The curve ob- 
tained from a patient with left ventricular failure 
showing prolongation of the bolus activity is shown in 
Figure 4. 

In the curves shown in Figure 3, the differences in 
tracer activity within the right and left ventricles during 
systole and diastole cannot be seen because the data 
were acquired using 1 second intervals. A temporal 
resolution of 1 second per image is adequate for deter- 
mination of mean and peak transit times, evaluating 
chamber size and the presence of shunts; but is too slow 
for measuring stroke volume or ejection fraction. These 
variables require framing rates of 50/ms or less. The 1 
second framing rate is used because too few counts are 
recorded at 50 ms intervals to provide optimal im- 
ages.!6 


Clinical Indications for First Pass Studies 


The clinical indications for first pass studies include 
assessment of cardiac anatomy, shunt detection, dif- 
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FIGURE 2. The time-activity curve of the bolus of activity in the superior 
vena cava. The single narrow peak indicates that the bolus was compact 
and adequate. MTT — mean transit time. 


ferential diagnosis of dyspnea, evaluation of right ven- 
tricular function and detection of coronary artery dis- 
ease. 

Cardiac anatomy: The anatomic relation of the 
cardiac chambers and the great vessels, as well as the 
relative sizes of these structures, can be readily assessec 
from the first transit studies. Use of these data are made 
when assessing patients with congenital heart disease. 
and in the initial evaluation of right or left ventricula: 
dilatation. 

Intracardiac shunt detection: First transit studie: 
have proved useful in the assessment of intracardiac 
shunts.! ^5 Right to left shunting can be detected by 
analysis of the time of arrival of a bolus of activity in th« 
left ventricle and aorta relative to the right ventricle 
This technique is helpful in establishing the presence 
or absence of small shunts (1.5:1 or less). 

Differential diagnosis of dyspnea: The peak anc 
mean transit times calculated from the ventriculai 
time-activity curves reflect cardiac output, chamber size 
and pulmonary blood volume. A normal pulmonary 
transit time at rest and with exercise rules out signifi. 
cant left ventricular disease, mitral valve obstructior 
or left atrial obstruction as the cause of breathlessness 
Delayed transit times are the result of a large blooc 
volume within a given heart chamber or within th« 
lungs, of decreased cardiac output, or of both. Because 
the images themselves reveal chamber size, the relative 
importance of chamber dilatation and decreased cardia 
output can be determined. 

Evaluation of right ventricular function: It i: 
generally accepted that the first pass study is best fo 
assessing regional and global performance of the righi 
ventricle. In comparison with contrast ventriculography 
nuclear studies do not require assumptions about the 
shape of the ventricle, but rely only on the difference ir 
counts between end-systole and end-diastole for mea 
surement of right ventricular ejection fraction.!9-?2 The 
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FIGURE 3. Time-activity curves generated by computer analysis of a 
first pass study. The first curve represents the tracer in the right ventricle 
(RV), the second the tracer in the lungs and the third the tracer in the 
left ventricle (LV). The computer identifies the time of peak activity for 
each chamber and calculates the mean transit time (MTT), which is a 
measure of the average time the tracer spends within that chamber. 


first pass study, when performed in the 20° to 30° right 
anterior oblique projection, allows temporal separation 
of the right ventricle from left-sided structures and from 
the right atrium. With use of this technique it is possible 
to determine end-systolic and end-diastolic volumes, 
ejection rates and ejection fraction as well as to detect 
regional wall motion abnormalities.?? 

Detection of coronary artery disease: Studies of 
ventricular function at rest, whether invasive (contrast 
ventriculography) or noninvasive (echocardiography), 
are poor indicators of the presence of coronary artery 
disease. Nuclear studies at rest are no exception.4 
Ejection fraction and regional wall motion may remain 
within normal limits despite the presence of significant 
coronary arterial stenosis. Comparison studies of find- 
ings at rest and during stress have helped to improve the 
sensitivity of nuclear techniques in the detection of 
coronary atherosclerosis.???6 Using the first pass tech- 
nique and comparing ejection fraction and regional wall 
motion from a left ventricular angiocardiogram ob- 
tained at the beginning of exercise with that obtained 
at peak exercise, we can detect the presence and assess 
the severity of coronary artery disease by observing 
exercise-induced wall motion defects or a failure of the 
ejection fraction to increase, or both. The first pass 
studies have the important advantage of being able to 
be performed within a short period of time. They have 
the disadvantage that each set of measurements re- 
quires an intravenous injection. 


Equilibrium Blood Pool Imaging 


Ventricular function studies are also performed after 
r blood pool tracer has equilibrated within the vas- 
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FIGURE 4. Time-activity curve of a patient with left ventricular failure. 
The transit of the bolus of activity through the lung (second peak) and 
the left ventricle (LV) is prolonged. Abbreviations as before. 


cular pool.?7-?? After a single injection of Tc-99m-la- 
beled red blood cells it is possible to record gated blood 
pool images for up to 4 hours, allowing the acquisition 
of multiple images from various projections and per- 
mitting the study of ventricular function before and 
after an intervention.90-35 

Gated blood pool imaging: Equilibrium studies 
record data from 100 to 200 beats to form an average or 
composite cardiac cycle. The data from each beat are 
combined using the QRS complex of the electrocardi- 
ogram as a time reference point. Synchronization of the 
scintillation camera images with the patient’s electro- 
cardiogram is often called “gated blood pool imaging.” 
When the technique was first developed, gated blood 
pool scans were recorded only at end-systole and end- 
diastole. It is current practice to divide the R-R interval 
into 12 to 64 time intervals. Useful data may be obtained 
using the smaller number of intervals, but for accurate 
derivation of all potential data, 64 time frames are 
best.1636 Successful gating is dependent on a relatively 
constant duration of the cardiac cycle or on the com- 
puter's ability to select only those R-R intervals that are 
within a given range, usually 10 or 20 percent of the 
mean R-R interval. Arrhythmias characterized by R-R 
intervals outside these limits result in images that are 
unreliable in revealing regional wall motion and un- 
derestimate ejection fraction. 

It is customary to obtain gated blood pool images in 
two projections, anterior and 40? left anterior oblique. 
These two views are selected because, taken together, 
they show most segments of the left ventricle; the 40? 
left anterior oblique view is usually perpendicular to the 
intraventricular septum and therefore produces good 
separation of left and right ventricles (Fig. 5). If this is 
not the case, the positioning of the patient is adjusted 
until it does. 

Although these two projections are adequate for 
most purposes, it must be remembered that (1) Neither 
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FIGURE 5. Gated blood pool studies are usually obtained in the anterior 
(top) and 40° left anterior oblique (bottom) views because they show 
all segments of the left ventricle, and the left anterior oblique view 
(bottom) produces good separation of the left and right ventricles. The 
ventricular volumes at end-diastole and end-systole may be appreciated 
in these views. These images indicate good contraction in a normal 
heart. 


view gives good separation of atria and ventricles, since 
much of the right atrium underlies the right ventricle 
in all views except the right anterior oblique; (2) the four 
valve planes are difficult to locate with consistent ac- 
curacy; (3) the proximal aortic root is often difficult to 
see because it is overlapped by the right ventricular 
infundibulum and main pulmonary artery; and (4) in 
cases with predominant right ventricular enlargement 
the 40° oblique view produces inadequate separation 
of the ventricles because of posterior displacement of 
the left ventricle. A 60° image will usually resolve this 
problem. 

Derivation of data: Data collection from a gated 
blood pool study can be presented as a series of images, 
in which each frame represents a portion of the cardiac 
cycle. Perception of defects is easier when the images 
are viewed as a cine film,?7?? which is made by 
displaying the original series of images as a continuous 
loop. Qualitative and quantitative data are then derived. 
In viewing the cine display of the gated blood pool 
study, we ask these questions: Is the positioning of the 
patient correct? Is the technique adequate? Has there 
been proper synchronization? Do the events in the 
cardiac cycle take place at the proper time? Do the 
ventricles contract simultaneously? What are the rel- 
ative chamber sizes? Is the septum thick? Are there 
abnormalities of regional wall motion? What is the 
overall left and right ventricular function? What is the 
state of the pericardial space? 

Quantitative data are then obtained to supplement 
the subjective interpretation of the images (Fig. 6). 
After regions of interest are selected, computer algo- 
rithms are used to calculate systolic and diastolic vol- 
umes, ejection fraction and stroke counts. Because the 
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FIGURE 6. A time-activity curve obtained by summing several hundrec 
heart beats from a gated blood pool study. The cardiac cycle has beer 
divided into 64 frames. LVET = left ventricular emptying time; LVFT. 
= the fast left ventricular filling time; LVFT2 = the slow left ventriculai 
filling time (the rise in the curve at the end of LVFT> represents atria 
systole); PEP — pre-injection period. 


labeled red blood cells are in structures other than the 
ventricles, background must be subtracted. The aree 
often selected is adjacent to the free wall of the lefi 
ventricle but away from the descending aorta and above 
the spleen.?? The quantitative data obtained include 
ventricular time-activity curves, ejection fraction, right 
to left ventricular stroke count ratios and ventricular 
volumes at different stages of the cardiac cycle. 

The left ventricular data obtained with nuclea:i 
techniques agree closely with those of contrast angi- 
ograph y.9.8.9,21,22,40-46 However, further validation of 
right ventricular data is needed. Computer technique: 
employing Fourier analysis, deconvolution and auto- 
matic selection of regions of interest aid in defining 
background, overlapping of heart chambers and accu. 
rate calculation of ventricular voluene. 

Analysis of the left ventricular time-activity curves 
yields the following indexes of cardiac function: 

1. Ejection fraction (EF) 

2. Preejection period (PEP) 

3. Left ventricular emptying time (LVET) 

4. Fast left ventricular filling time (LVFT|) 

5. Slow left ventricular filling time (LVF'T3) 

6. Preejection period/left ventricular emptying time 

(PEP/LVET) 
7. Ejection fraction/left ventricular emptying time 
(EF/LVET) 
In patients with hypertension there is a prolongatior 
of the LVFT;/R-R and shortening of the LVFT2/R-R 
ratios, whereas the PEP/R-R and PEP/LVET ratios 
remain normal. Patients with congestive heart failure 
show prolongation of the PEP/R-R and PEP/LVET 
ratios. Patients with myocardial infarction show pro: 
longation of the LVF'T;/R-R ratio. The rate of ejectior 
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of blood from the left ventricle (EF/LVET) tends to be 
normal in patients with hypertension, but diminished 
in some other forms of heart disease.?9:47 

Figure 7 illustrates the time-activity curves obtained 
in normal persons and patients with various types of 
heart disease. The time-activity curve from a hyper- 
tensive patient shows relative prolongation of fast filling 
time (LVFT|) and shortening of the diastasis and atrial 
systole (LVF'T5). The curves of patients with left ven- 
tricular failure resulting from ischemic heart disease and 
cardiomyopathy show relative prolongation of the 
preejection period and an increased PEP/LVET ratio. 
Pre- and postoperative studies in a patient with aortic 
stenosis (Fig. 8) disclosed LVET/R-R to be elevated 
preoperatively (0.40) but decreased after surgery (0.27). 
Ejection fraction increased from 39 to 69 percent and 
the rate of left ventricular ejection more than doubled 
(from 1.24 preoperatively to 3.29 postoperatively). 

Valve regurgitation can be assessed by comparing 
right and left ventricular stroke volumes.4?:4? In the 
absence of valve regurgitation, the stroke volume of the 
right ventricle is equal to that of the left. For patients 
with aortic or mitral regurgitation, the stroke volume 
of the left ventricle is greater than that of the right. The 
ratio of left to right ventricular stroke volumes in pa- 
tients without regurgitation is usually slightly greater 
than 1 because a small portion of right atrium is in- 
cluded in the right ventricular region of interest. 


Clinical Indications for Gated Blood Pool Studies 


Nuclear cardiovascular techniques have been found 
most useful in (1) assessment of global myocardial 
function (ejection fraction and wall motion); (2) as- 
sessment of global and regional left ventricular function 
with exercise; (3) simultaneous assessment of right and 
left ventricular performance. 

They have also been used for (1) measurement of 
ventricular size; (2) measurement of ventricular vol- 
umes; (3) measurement of septal thickness; (4) assess- 
ment of septal motion; (5) measurement of valve 
regurgitation. 

They are currently under study for (1) measurement 
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FIGURE 8. Preoperatively a patient with 2245 
aortic stenosis showed a prolonged 
preejection period and slow emptying 
of the left ventricle. Postoperatively the 
preejection period has returned to 1123 
normal, the emptying time has short- 
ened and the ejection fraction (EF) has 
risen from 39 to 69 percent. HR = heart 
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FIGURE 7. Time-activity curves in a normal patient, a patient with 
congestive heart failure (whose preejection period is prolonged and 
ejection fraction low), a patient with hypertension whose fast filling time 
is prolonged and diastasis is short, and a patient with cardiomyopathy 
whose preejection period is prolonged and ejection fraction low. 


of atrial size; (2) detection of pericardial effusion; (3) 
assessment of ventriçular hypertrophy. 

Left ventricular function: Equilibrium studies have 
been utilized within the coronary care unit in order to 
manage patients who experience shock. The gated blood 
pool study can quickly demonstrate the relative con- 
tribution of heart disease as opposed to that of other 
factors. In shock associated with inferior myocardial 
infarction the equilibrium study provides evidence of 
right ventricular infarction.5? In the case of late shock 
after myocardial infarction, the studies can distinguish 
ventricular septal defects from mitral regurgitation by 
demonstrating either a shunt in the lung time-activity 
curve or by revealing an abnormal left ventricular/right 
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ventricular stroke count ratio that indicates valve in- 
sufficiency. 

In patients with coronary artery disease, but no ev- 
idence of transmural infarction, global function is 
frequently normal at rest. In these patients during 
maximal exercise, ejection fraction and end-systolic and 
end-diastolic volumes are affected in a predictable 
manner. The usual pattern observed in patients with 
coronary artery disease is that the ejection fraction fails 
to increase and both end-systolic and end-diastolic 
volumes increase, whereas in normal persons the ejec- 
tion fraction increases steadily with increasing work 
load and the end-systolic and end-diastolic volumes 
decrease.5!-54 

In patients with myocardial infarction or severe 
coronary stenosis gated blood pool studies at rest may 
show all grades of wall motion abnormalities, from hy- 
pokinesia to akinesia and frank aneurysm forma- 
tion.>°°6 

For evaluation of patients with left heart failure 
from known or suspected coronary artery disease, a 
gated blood pool study should be performed. The 
equilibrium study is the ideal tool for screening possible 
surgical candidates. In the presence of diffuse myocar- 
dial impairment the preservation of even partial wall 
motion in an area of known infarction makes coronary 
bypass grafting to that area a possibility because motion 
suggests the presence of viable myocardium. Patients 
with poor global function and an ejection fraction of less 
than 30 percent are known to have a high surgical 
mortality rate. In the presence of septal akinesia or 
dyskinesia surgical repair of an anterior wall aneurysm 
is not usually possible. Patients with left heart failure 
who are shown to have moderately sized areas of akin- 
esia or dyskinesia associated with relatively well pre- 
served motion in the remainder of the ventricle make 
the most likely surgical candidates. 
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Right ventricular function: Right ventricular an 
giography is rarely performed, and simultaneous visu 
alization of both the right and left heart chambers wa: 
not possible before the advent of nuclear studies 
Studies of right ventricular function using first pass o; 
gated blood pool studies have revealed several impor 
tant findings: (1) In chronic obstructive pulmonary 
disease the right ventricle is dilated in less than 2! 
percent of patients despite the presence of respiratory 
failure as diagnosed by blood gas determinations.?? (2 
'The greatest degree of right ventricular enlargement i: 
seen in patients with restrictive lung disease and thos 
with long-standing rheumatic valvular heart disease 
(3) A relatively large proportion of patients have somi 
degree of right ventricular dysfunction after anterio: 
or inferior myocardial infarction. In patients with in 
ferior infarction the dysfunction is predominantly th: 
result of infarction of the right ventricular free wall. li 
patients with anterior myocardial infarction, the righ 
ventricular dysfunction is secondary to septal infarctioi 
and/or associated left heart failure.58-6! 

Valvular heart disease: Nuclear studies aid in thi 
assessment of valvular heart disease. Mitral stenosis cat 
be suspected if there is a combination of right ventric 
ular and left atrial enlargement, and prolonged pul 
monary transit times in the presence of normal lef 
ventricular function. The relative contributions of mi 
tral stenosis and deficient left ventricular function t« 
the prolongation of pulmonary transit can be assessec 
by looking at global left ventricular function. The se 
verity of mitral or aortic regurgitation can be assessec 
from stroke (left ventricular/right ventricular) ratios 
Mild regurgitation correlates poorly with angiographi 
estimates, but the correlation of moderate and sever 
incompetence is high.*® 

The timing of surgical intervention in patients wit] 
valve regurgitation, particularly aortic incompetence 
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FIGURE 9. A beat to beat time-activi 
curve obtained with a single cryst 
nuclear probe. EKG = electrocardi: 
gram. 
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has always been difficult. It has been suggested that 
periodic review of these patients with gated blood pool 
scans performed at rest and during exercise may be a 
useful diagnostic test.5? Despite a normal or high ejec- 
tion fraction at rest, a failure of the ejection fraction to 
increase significantly with stress may prove to be the 
earliest sign of deteriorating left ventricular function. 

Pericardial disease: Unless present in large 
amounts, pericardial fluid is difficult to diagnose with 
certainty on gated blood pool studies. If present to any 
significant degree it will appear as a halo surrounding 
the ventricles. Localized or loculated effusions appear 
to be smaller, well demarcated and attached to a portion 
of the left ventricle. These are usually just incidental 
findings. 

Pericardial constriction and restrictive (infiltrative) 
cardiomyopathy may present with similar clinical 
features. A gated blood pool study can help distinguish 
the two. In each, a prolonged pulmonary transit time is 
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found together with an apparent halo surrounding the 
ventricles. In pericardial constriction the ejection 
fraction is normal and the interventricular septum is not 
hypertrophied, whereas in the patient with restrictive 
myopathy the ejection fraction is low and the inter- 
ventricular septum is thickened. 


Bedside Monitoring of Ventricular Function 


It is possible to generate a beat to beat time-activity 
curve with the use of a single crystal nuclear probe 
coupled to a small processing unit (Fig. 9). The nuclear 
stethoscope, as the device is called, is capable of pro- 
ducing a beat to beat ejection fraction as well as a 
measure of end-systolic and end-diastolic volumes, from 
changes in left ventricular counts.9?64 This device is 
small, readily portable and simple to use. It is an ideal 
tool for use in studies requiring continuous monitoring 
or in intervention studies. 
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Current angiographic indexes of ventricular function have proved inad- 
equate for prognostication in patients with ventricular aneurysm. Cross- 
sectional echocardiography can visualize residual myocardium in all four 
walls of the left ventricle. Anew echocardiographic technique of calcu- 
lating residual myocardium is presented. The echocardiographic technique 
yielded identical information to that of contrast angiography (r = 0.97). 
An index of residual myocardium was generated from the cross-sectional 
echocardiogram that correlated with the clinical state of the patients. In 
patients treated medically it predicted those patients likely to die within 
6 months (p <0.005). Preliminary observations in patients having aneu- 
rysmectomy revealed that there were good surgical results in those with 
an index of residual myocardium of 0.42 or greater, but more patients are 
necessary to establish the lower limit of a surgically acceptable level of 
residual myocardium. 


Assessment of residual myocardium appears to be important in the 
management of patients with ventricular aneurysm.!-? However, stan- 
dard hemodynamic and angiographic indexes have not proved suffi- 
ciently accurate to prognosticate patient response to aneurysmectomy.? 
In fact, there is little information on the natural history of ventricular 
aneurysm" since the introduction of modern surgical techniques. 

Cross-sectional echocardiography has been shown to be accurate in 
the detection of ventricular aneurysm.? With visualization of all four 
ventricular walls, this procedure offers advantages in the assessment of 
residual myocardium.? In this report we present a new method for 
quantitating residual myocardium with cross-sectional echocardiography 
and we examine the prognostic value of this index in surgical and medical 
treatment. 


Methods 


Patients: Thirty-seven consecutive patients with ventricular aneurysm were 
studied, 32 by both contrast angiography and cross-sectional echocardiography 
and 5 by cross-sectional echocardiography alone. Ventricular aneurysm was 
considered to be an akinetic or dyskinetic area which protruded beyond the 
normal ventricular contour on the end-systolic frame of the echocardiogram.!? 
There were 31 men and 6 women whose age ranged from 35 to 71 years (mean 
60). All patients had angiographic or clinical evidence of coronary artery dis- 
ease. 

The presence of congestive heart failure was assessed at the initial echocar- 
diographic study and classified according to the New York Heart Association.!! 
Survival data were determined in both medically and surgically treated patients 
6 months later. 

Left ventriculography: This procedure was performed by way of the femoral 
or brachial artery in a 30? right anterior oblique view and recorded on 35 mm 
film at 60 frames/s. Coronary arteriography followed left ventriculography. 
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aneurysm 


FIGURE 1. Cross-sectional echocardiograms. Left, apical long axis (right anterior oblique equivalent) view. A large apical aneurysm is present 
Right, four chamber apical view. A large apical aneurysm is present (long arrow), but the residual myocardium present in the interventricular septur 
and posterolateral wall is visualized (short arrows). LA = left atrium; LV = left ventricle; MV = mitral valve; RA = right atrium; RV = right ven 


tricle. 


Cross-sectional echocardiography: This procedure was 
performed with use of a commercially available 84° phase 
array sector scanner (Varian 3000). Patients were examined 
in a left lateral decubitus position with the transducer at the 
cardiac apex. Echocardiographic images were recorded with 
a videotape recorder (Sanyo VTC 7100) at 30 frames/s using 
a 15 cm field. An apical long axis view (right anterior oblique 
equivalent) (Fig. 1, left) as well as a four chamber apical view 
(Fig. 1, right) was obtained in all patients. Cross-sectional 
echocardiography was performed within 5 days of angiog- 
raphy. 

Ventricular measurements: To compare cross-sectional 
echocardiography and contrast angiography, independent 
observers analyzed the right anterior oblique projection and 
its echographic equivalent in the following manner. Calcula- 
tion of residual myocardium was based on the discrete change 
in wall motion seen at the edge of an aneurysm. For each 
ventricular wall a breakpoint was identified separating the 
normally moving myocardium from the aneurysmal segment. 
With use of the end-systolic frame, a line was drawn from this 
breakpoint perpendicular to the long axis of the left ventricle 
(Fig. 2). The distance from the mitral ring to the perpendicular 
represented the amount of residual myocardium for each wall. 
This distance was expressed as a fraction of the long axis of 
the left ventricle. The anterolateral and the inferior walls were 
averaged to yield an index of residual myocardium in the right 
anterior oblique projection of the angiographic and echocar- 
diographic images. In the four chamber apical view of the 
cross-sectional echocardiogram the same procedure was fol- 
lowed for the interventricular septum and the posterolateral 
wall (Fig. 3). For each patient the amount of residual myo- 
cardium in the apical long axis view (right anterior oblique 
equivalent) was averaged with that in the four-chamber apical 
view and a single index of residual myocardium was generated. 
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This index reflected a contribution from all four ventricula 
walls. 


Results 


Contrast angiograms were obtained in 32 patients an 
complete cross-sectional echocardiograms were ob 
tained in 37 patients. In no patient was either techniqu 
inadequate for technical reasons. Figure 4 shows th 
correlation of the amount of residual myocardium de 
termined by angiography in the right anterior obliqu 





FIGURE 2. Line drawing showing how residual myocardium (R.M.) wa 
calculated in the right anterior oblique view of the ventricular angiograr 
and its echographic equivalent. A = anterolateral wall; Ao = aorta; 
= inferior wall; L = long axis; MV = mitral valve. 
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view and by cross-sectional echocardiography in the 
apical long axis (right anterior oblique equivalent view) 
(r = 0.97). There was no significant difference between 
the two techniques (p <0.02). 

A single index of residual myocardium representing 
all four walls, generated from cross-sectional echocar- 
diography, was compared with the clinical status of the 
patients at the time of their initial evaluation. Patients 
were classified into two groups: (1) those with significant 
congestive heart failure (New York Heart Association 
classes III and IV), and (2) those with little or no con- 
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FIGURE 3. Line drawing showing how residual myocardium was cal- 
culated in the four-chamber (hemiaxial) apical view of the cross-sec- 
tional echocardiogram. IVS = interventricular septum; M.V. = mitral 
valve; POST LAT. = posterolateral wall. 
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FIGURE 4. Comparison of the residual myocardium determined in 25 
patients by angiography (ANGIO) (horizontal axis) and the cross-sec- 
tional echocardiogram (ECHO) (vertical axis) in the right anterior oblique 
projection. MV = mitral valve; RAO = right anterior oblique; RM = 
residual myocardium. 


\ 


ECHOCARDIOGRAPHY OF VENTRICULAR ANEURYSM—BARRETT ET AL. 


gestive heart failure (New York Heart Association 
classes I and II). A rank sum test revealed a significant 
difference (p <0.005) between the index of residual 
myocardium of these two groups, 0.61 + 0.09 versus 0.36 
+ 0.08 (mean + standard deviation) (Fig. 5). 
Predictive value of index of residual myocar- 
dium: The outcome of 25 patients treated medically is 
shown in Figure 6. The index of residual myocardium 
of patients not surviving 6 months is significantly lower 
(p <0.005) than that of those who did survive. The mean 
index in the nonsurvivors was 0.26 + 0.05, and all pa- 


n=37 
p <0.00! 
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FIGURE 5. Comparison of the echocardiographic index of residual 
myocardium (IRM ECHO) with the clinical status of the patients. CHF 
= congestive heart failure; IRM = index of residual myocardium; NYHA 
= New York Heart Association. n = number of patients; p = proba- 
bility. 
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FIGURE 6. Predictive value of the echocardiographic index of residual 
myocardium (IRM ECHO) for 6 month survival in 25 patients treated 
medically. 
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FIGURE 7. Preliminary results in 12 patients treated surgically. The one 
surgical death occurred in a patient subjected to a prolonged surgical 
procedure to ablate an arrhythmogenic focus. IRM = index of residual 
myocardium. 


tients had an index below 0.33. Death was attributed to 
congestive heart failure in all six patients. In the group 
alive at 6 months the mean index of residual myocar- 
dium was 0.54 + 0.16. Patients with an index below 0.50 
were significantly limited by their congestive heart 
failure. 

Twelve patients had aneurysmectomy with coronary 
bypass surgery (Fig. 7); in seven of these patients the 
primary indication was angina. Eleven patients are alive 
and in improved condition postoperatively; three pa- 
tients with an index of residual myocardium between 
0.42 and 0.44 had sufficient residual myocardium to 
benefit from aneurysmectomy. 


Discussion 


Role of functional residual myocardium and its 
evaluation: The importance of residual ventricular 
function in the treatment of patients with ventricular 
aneurysm has been recognized for some time.!-? He- 
modynamic and angiographic indexes of overall func- 
tion, such as cardiac output,?-4 ejection fraction?-? and 
left ventricular filling pressure,* have been extensively 
examined and found to be of only marginal prognostic 
value. Earlier reports!?!? examined the effect of the 
aneurysmal segment size on subsequent clinical course 
and operative results. More recent studies!-^ have em- 
phasized the importance of functional residual myo- 
cardium in predicting a favorable surgical outcome. 

Accordingly, special methods have been proposed to 
evaluate residual myocardium in patients with ven- 
tricular aneurysm. Watson et al.!^ proposed a hemi- 
spheral ejection fraction to predict those patients likely 
to benefit from surgical intervention. Results of this 
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method in a larger group of patients? failed to predict 
successful surgical outcome. Lee et al.!^ used a spherital 
model to calculate excess angiographic ejection fraction, 
which was combined with a coronary jeopardy score to 
stratify patients into high and low risk groups. There 
was considerable overlap between patients who re- 
sponded well to surgery and those who did not. Both of 
these methods are derived from the right anterior 
oblique view alone and, therefore, do not account for 
residual myocardium in the interventricular septum and 
posterolateral wall. 

Advantages of cross-sectional echocardiography: 
'This method offers two advantages in the assessment 
of residual myocardium in patients with ventricular 
aneurysm. First, it is accurate in the delineation of 
normal wall motion. The characteristic breakpoint be- 
tween normal and aneurysmal segments facilitates the 
measurement of residual myocardium. Comparison with 
angiography in this study revealed no statistical dif- 
ference between these two techniques in the right an- 
terior oblique projection. 

Second, cross-sectional echocardiography can 
quantitate the residual myocardium in the intraven- 
tricular septum and posterolateral walls. The entire 
length of these walls is visualized in the four chamber 
apical view. Thus, a single index of residual myocardium 
is obtained that represents the residual myocardium in 
all four ventricular walls. This index reflects global re- 
sidual myocardium in a way not previously possible. 

Correlation with clinical status and operative 
results: The results of our echocardiographic mea- 
surement of residual myocardium are concordant with 
the presence or absence of important congestive heart 
failure. This is consistent with previous studies!?:!6 
correlating the extent of muscle damage with symp- 
tomatic status. More importantly, in patients treated 
medically, the index of residual myocardium by cross- 
sectional echocardiography predicts 6 month mortality 
of patients with aneurysm with a high degree of cer- 
tainty. This prognostic information identifies a high risk 
group of patients in whom aggressive management 
should be considered. 

Finally, in a preliminary group of patients having 
surgical correction, the index of redidual myocardium 
has demonstrated that patients with as little as 42 
percent of their myocardium contracting normally can 
have successful aneurysmectomy. 'This small group does 
not precisely define the lower limit of surgically ac- 
ceptable residual myocardium (no patients with an 
index below 0.42 had surgery). More patients are needed 
to establish the minimal amount of residual myocar- 
dium necessary for successful surgical results. 

In summary, cross-sectional echocardiography 
quantitated residual myocardium in all four ventricular 
walls. Results correlated well with both angiographic 
findings and clinical status. The echocardiographic 
index of residual myocardium predicted 6 month mor. 
tality in patients treated medically. 
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Gated cardiac blood pool scintigraphy is a noninvasive method to assess 
regional and global left ventricular function in the patient with suspected 
true or false left ventricular aneurysm after a myocardial infarction. The 
procedure is easy to perform and provides reproducible, high resolution 
images that can accurately distinguish regional from diffuse contractile 
abnormalities often present after myocardial infarction. An overall ac- 
curacy rate of 96 percent for detection of left ventricular aneurysm can 
be obtained with gated cardiac blood pool scintigraphy as compared with 
contrast left ventriculography. The procedure also permits assessment 
of functional reserve of the noninvolved myocardium and thus can provide 
valuable information on whether enough viable myocardium will remain 
after aneurysmectomy. The addition of thallium-201 myocardial perfusion 
scintigraphy may aid in the separation of viable from scarred myocardium 
at the edge of the aneurysm. Both radionuclide techniques are well suited 
for screening the patient after infarction with persistent congestive heart 
failure, malignant arrhythmia or systemic emboli in whom a left ventricular 
aneurysm may have developed. 


An aneurysm of the left ventricle can be angiographically defined as a 
motion abnormality of the myocardium, which is either noncontractile 
(akinetic) or paradoxically expanding in systole (dyskinetic).!:2 True 
left ventricular aneurysm occurs in 15 to 35 percent? of patients with 
myocardial infarction. Less common causes of true aneurysm include 
myocardial abscess, trauma, erosive bacterial endocarditis and congenital 
defects.* False left ventricular aneurysm occurs much less frequently 
and results from rupture of the left ventricular myocardium into the 
pericardium without rupture of the pericardial sac.*A false aneurysm 
is usually caused by transmural myocardial infarction although it may 
be related to prior cardiac surgery or trauma.57? 

Clinically, patients with either a true or false aneurysm present with 
congestive heart failure, postinfarction malignant arrhythmia or systemic 
emboli. The separation of a true from a false aneurysm has important 
prognostic implications for the patient after a myocardial infarction. In 
one study of 102 patients with true aneurysm the 5 year mortality rate 
was 88 percent, with deaths caused by congestive heart failure, myo- 
cardial infarcts or systemic emboli.? Although true aneurysm has a small 
likelihood of rupture, false left ventricular aneurysm has a 45 percent 
incidence rate of rupture.°-’ Corrective surgery plays an important role 
in the treatment of patients with either a true or a false aneurysm. In one 
series of 392 patients with a left ventricular aneurysm surgically resected, 
the 4 year survival rate was 76 percent.? The mortality rate for left 
ventricular aneurysmectomy in both the immediate and long-term 
postoperative period has ranged from 0 to 40 percent depending on the 
size of the aneurysm, functional reserve of the noninvolved myocardium 
and presence or absence of congestive heart failure.9-1? 
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Comparison of Gated Cardiac Blood Pool Scintigraphy to Contrast Left Ventriculography for Evaluating Left 


Ventricular Aneurysm 





Comparison With Contrast 


Left Ventriculography 


Good correlation of regional wall shortening (r = 0.89) in patients after MI and in 


normal subjects 


Scintigraphic 
Investigator Technique 
Zaret et al.?! GCBPS; ED and ES images 
Rigo et al. '? GCBPS; ED and ES images 


21 patients after MI; 12 of 13 with focal LV aneurysm detected with GCBPS; 9 of 9 


with diffuse hypokinesia detected with GCBPS 


Hopkins et al. 14 GCBPS; ED and ES 


35 patients after MI; 33 of 35 patients with abnormal contractility (diffuse or focal) 


detected with GCBPS 


Friedman et al. '? GCBPS; ED and ES 


Of 138 patients, 64 had aneurysm, 61 of which were detected with GCBPS; 72 of 74 


normal subjects detected with GCBPS 


Nichols et al.?^ GCBPS 


Of 36 patients with congestive heart failure and regional contractility abnormalities, 


34 were detected with GCBPS 


Froehlich et al.2° GCBPS 


18 patients with angiographically resectable LV aneurysm; good correlation in 108 of 


110 regional segmental contraction abnormalities; only 11 patients had a resectable 
aneurysm at operation 


Botvinick et al.?5 GCBPS; first pass 


First case report describing scintigraphic appearance of false LV aneurysm; 


posterior in location with narrow neck, delayed filling of aneurysm on first pass 


study 


Sweet et al.?" GCBPS; first pass 


False LV aneurysm after coronary bypass graft surgery; posterior in position, delayed 


filling on first pass study 


GCBPS; thallium-201 
perfusion scintiscan 


Winzelberg et al.?? 


Four patients with false LV aneurysm; frequent posterior position with discrete neck. 
Two patients with thallium defects in area of aneurysm 


ED = end-diastolic; ES = end-systolic; GCBPS = gated cardiac blood pool scintiscan; LV = left ventricular; MI = myocardial infarction. 


The physical examination, electrocardiogram and 
chest roentgenogram yield indirect and often inaccurate 
information regarding the presence and location of a left 
ventricular aneurysm.*:!4 Whereas early studies indi- 
cated the accuracy of cardiac cinefluoroscopy for the 
identification of aneurysm,!?/!6 recent observations by 
Sos et al.!? in 113 patients who had both cinefluoroscopy 
and contrast left ventriculography indicated that 
cinefluoroscopy was grossly inaccurate for detection and 
localization of left ventricular aneurysm and should not 
be routinely performed.!? The gold standard for de- 
tection of left ventricular aneurysm has been contrast 
left ventriculography, but this procedure is both costly 
and invasive and is thus not well suited as a screening 
technique. 

The widespread application of noninvasive radio- 
nuclide techniques,!^!51? including gated cardiac blood 
pool scintigraphy, thallium-201 myocardial perfusion 
scintigraphy and technetium-99m pyrophosphate 
myocardial scmtigraphy, has provided accurate 
screening methods to identify patients with left ven- 
tricular aneurysm. 


Gated Cardiac Blood Pool Scintigraphy * 


Since its introduction in the early 1970s, gated cardiac 
blood pool scintigraphy has provided accurate nonin- 
vasive assessment of both regional and global myocar- 
dial function. Although the early images had suboptimal 
resolution and consisted of only end-systolic and end- 
diastolic images, the gated scan was nonetheless able to 
detect aneurysm of the left ventricle. Technologic im- 
provements have allowed the gated blood pool scan to 
provide accurate assessment of both regional and global 
myocardial function at multiple points during systole 
and diastole. Improved intrinsic gamma camera reso- 


* All work performed with equilibrium blood pool scintigraphy can 
also be performed with first pass transit studies. 
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lution and data acquisition by computer systems have 
permitted a detailed assessment of the timing and ex- 
tent of regional wall motion. 

Technique and analysis of images: The techniques 
for blood pool labeling and correct imaging of the car- 
diac blood pool have been well described.?9-?? To eval- 
uate patients for possible aneurysm, images should be 
obtained in at least three views: (1) anterior, (2) 45° left 
anterior oblique (to optimize imaging of the interven- 
tricular septum), and (3) 30° left posterior oblique. For 
optimal interpretation of the images the data should be 
displayed as a "continuous loop" movie with speed 
varying from stop motion to rates faster than real time. 
Evaluation of global left ventricular function and de- 
termination of the left ventricular ejection fraction is 
performed using the counts/volume approach. 

Regional wall motion can also be accurately assessed 
from the gated blood pool scan and characterized as 
normal (greater than 20 percent shortening of a short 
axis diameter), hypokinesia (less than 20 percent but 
greater than 0 percent shortening) and akinesia/dys- 
kinesia (0 percent or less shortening). The anterior view 
is best suited for evaluation of the apical, anterior and 
anterolateral walls of the left ventricle with the septum, 
apicoinferior and posterior walls being best seen in the 
left anterior oblique view. Inferior and basal wall motion 
is best evaluated in the left posterior oblique projection. 
Right ventricular function is best evaluated from the 
anterior and 45° left anterior oblique projections. Okada 
et al.? recently compared inter- and intraobserver 
variability in assessing regional wall motion abnor- 
malities from gated cardiac blood pool scans as com- 
pared with contrast left ventriculograms and found a 
good correlation between both methods. Many inves- 
tigators have documented a good correlation between 
gated blood pool scintigraphy and contrast left ven- 
triculography in the evolution of left ventricular aneu- 
rysm (see Table I). 
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Comparison with contrast angiography: Zaret et 
al.,?! using end-systolic and end-diastolic images, were 
the first to compare gated cardiac blood pool scintig- 
raphy with contrast left ventriculography in both nor- 
mal patients and patients with myocardial infarction 
and found a correlation coefficient of more than 0.89 for 
regional myocardial wall shortening. In a subsequent 
study by Rigo et al.!? in 22 patients with myocardial 
infarction, contrast left ventriculograms revealed lo- 
calized ventricular aneurysm in 13 patients and diffuse 
left ventricular hypokinesia in 9. Scintigraphy identified 
diffuse hypokinesia in all 9 patients and localized left 
ventricular aneurysm in 12 of the 13 patients. In one 
patient with a calcified left ventricular aneurysm filled 
with clot the gated cardiac blood pool scan showed an 
area of akinesia that corresponded to that seen in the 
contrast left ventriculogram, but the aneurysm was not 
seen. This was the first study that revealed that the 
biplane gated cardiac blood pool scan was useful in 
differentiating patients with localized left ventricular 
mm from those with diffuse hypokinesia (Fig. 1 
and 2). 

Hopkins et al.!4^ studied 35 patients after myocardial 
infarction with multiple symptoms including angina, 
dyspnea and congestive heart failure and compared 
results using static gated cardiac blood pool scans, 
computer assisted radionuclide cineangiography and 
contrast left ventriculography. The ventriculograms 
showed left ventricular aneurysm, as defined by seg- 
mental areas of akinesia or dyskinesia, in 18 patients 
and diffuse hypokinesia in 17 patients. Ten of the 18 





FIGURE 1. Anterior (ANT) and left anterior oblique (LAO) gated cardiac 
blood pool scintiscans at end-diastole (D) and end-systole (S) in a patient 
with occlusion of an isolated left anterior descending artery. After in- 
farction, congestive heart failure developed and a large true antero- 
lateral aneurysm was identified on scan and confirmed with contrast 
left ventriculography. 
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patients with aneurysm had a dyskinetic segment 
whereas the remainder had an akinetic segment. Cor- 
trast left ventriculography confirmed the asynergy seen 
in static gated scans in 33 of the 35 patients. The com- 
puter-assisted radionuclide cineangiograms provided 
better images for qualitative assessment of wall motion 
abnormalities. 

Accuracy of gated pool scans: More recently, 
Friedman et al.,!? using the end-diastolic and end-sys- 
tolic images from gated cardiac blood pool scans, eval- 
uated 138 patients who also had contrast left ventricu- 
lography. Many of these patients also underwent sur- 
gery to confirm the diagnosis. The criterion for left 
ventricular aneurysm was an area of dyskinesia with 
regional systolic expansion. Contrast ventriculography 
showed 64 aneurysms (41 of 64 were confirmed at op- 
eration; 23 were not operated on). The distribution of 
the aneurysms was as follows: 29 anteroapical, 25 apical, 
6 anterior, 3 posterobasal and 1 inferior. Sixty-one of the 
64 aneurysms were identified on the gated scan. There 
were three false negative gated studies; a unidentified 
posterobasal aneurysm in two patients and an anterior 
wall aneurysm in one. The two posterobasal aneurysms 
appeared entirely normal on scanning. A clot was 
present in the anterior wall aneurysm making it unde- 
tectable in the gated study. The gated scan was negative 
in 72 of 74 patients in whom no aneurysm was found on 
contrast ventriculography (the negative findings were 
confirmed at operation in 35 of the 74; 39 patients were 
not operated on). There were two false positive scans, 
one falsely indicating an inferior wall aneurysm and one 
an aneurysm in the anterior wall. The overall accuracy 
of the gated scan for detecting aneurysms was 96 per- 
cent in relation to the contrast left ventriculogram. This 
high reliability of the gated scan to detect aneurysm 
may be partially related to the apical and anterior po- 
sition of most of the aneurysms. These areas are par- 
ticularly well seen in the gated scan with little inter- 
ference from overlying structures. Thus the overall ac- 
curacy may not be as great with aneurysms located in- 
feriorly or posteriorly. 





FIGURE 2. Right anterior oblique (RAO) gated first pass scintiscan at 
end-diastole (D) and end-systole (S) in a patient with a true left ventricular 
aneurysm confirmed with contrast ventriculography. There is relative 
preservation of contractility of the anterobasal and inferobasal left 
ventricular wall. 
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Nichols et al.?* have also recently evaluated the gated 
scan in a large series of patients with congestive heart 
failure. In one subset of 36 patients who underwent both 
contrast left ventriculography and gated cardiac blood 
pool studies, the pattern of left ventricular dysfunction 
shown by the scan corresponded to the pattern in the 
left ventriculogram in 34. 

In a prospective evaluation of the effects of surgery 
on left ventricular aneurysm, Froehlich et al.2° showed 
a good correlation between contrast left ventriculog- 


C 





raphy and gated blood pool scintigraphy in evaluating 
regional wall motion. They found agreement between 
abnormal versus normal motion in 108 of 110 myocar- 
dial segments evaluated in 18 patients who met angio- 
graphic criteria for resectable left ventricular aneurysm. 
In only two thirds of those patients with angiographi- 
cally resectable aneurysm could resection be performed, 
and in 3 of the 18 patients no aneurysm was found. 
False ventricular aneurysm: The gated cardiac 
blood pool scintiscan has also been utilized to detect 


FIGURE 3. False left ventricular aneurysm. A, anterior (ANT) and left anterior oblique (LAO) gated cardiac blood pool scintiscan at end-diastole 
(D) and end-systole (S) in a diabetic patient with an occlusion of the left circumflex coronary artery. The cavity of a large false aneurysm is identified 
arising from the posterolateral left ventricular wall with a discrete neck connecting the true left ventricle to the aneurysm. B, thallium-201 perfusion 
scintiscan in the 45° left anterior oblique position demonstrating absent thallium uptake in the neck of the aneurysm (white arrow). C, contrast 
left ventriculogram in the left anterior oblique position demonstrating large posterior false aneurysm connected to the left ventricle by a narrow 
eneck (arrows). (Reprinted by permission, from Winzelberg et al.?9) 
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false left ventricular aneurysms. Although such aneu- 
rysms occur much less frequently, they are important 
to identify because of a large incidence of fatal rupture. 
Botvinick et al.?5 first described the scintigraphic ap- 
pearance of a false left ventricular aneurysm and 
stressed the posterior or lateral position and the discrete 
neck to the aneurysm (Fig. 3). Other investigators in 
single case reports have been able to distinguish false 
from true aneurysm in patients after infarction or in 
patients after cardiac surgery.” Winzelberg et al.?? re- 
ported the findings in a series of false aneurysms that 
were studied with scintigraphic techniques. They con- 
firmed the common posterior position of such aneu- 
rysms, which often have discrete necks.?5 Thallium-201 
myocardial perfusion scintiscans were obtained in two 
of their patients. They suggested the following criteria 
for false left ventricular aneurysm in gated cardiac blood 
pool images: (1) a large paraventricular chamber, usu- 
ally posterior in position, and (2) a narrow-necked 
connection between the chamber and ventricle. In 
thallium-201 myocardial perfusion images, the criterion 
is absent or greatly decreased activity in the myocardial 
wall in the connecting neck of the aneurysm. 


Thallium-201 Myocardial Perfusion Scintigraphy 
and Technetium-99m Pyrophosphate 
Myocardial Scintigraphy 


Thallium-201 perfusion scanning: This method 
has become an important adjunct in the noninvasive 
screening of patients with coronary artery disease.?5.?? 
Imaging of the myocardium after injection of thal- 
lium-201 at peak exercise reveals areas of scarring as 
regions of reduced uptake of tracer that are unchanged 
in images obtained 3 to 4 hours later. Zones of tran- 
siently ischemic myocardium may have diminished or 
absent tracer accumulation that returns to normal on 
delayed imaging. Studies in patients with a ventricular 
aneurysm have not been systematically carried out with 
thallium-201 imaging, but scarring due to aneurysm 
should appear no different from that not associated with 
aneurysm. 'Thallium imaging during exercise in con- 
junction with blood pool imaging may be helpful in 
identifying border zones of viable tissue adjacent to the 
left ventricular aneurysm. 

Technetium-99m pyrophosphate imaging: Acutely 
infarcted myocardium can be imaged with techne- 
tium-99m pyrophosphate.?'?? Deposition of tracer in 
acutely damaged tissue is related to the local accumu- 
lation of calcium ions in the area of infarcted myocar- 
dium. Recently, in some patients technetium-99m py- 


rophosphate scans have been “persistently positive" 
long after the acute episode of infarction. The deposi- 
tion of technetium-99m-labeled pyrophosphate in a left 
ventricular aneurysm has been described as one cause 
of the persistently positive scan.?? This finding may be 
related to microscopic or macroscopic dystrophic cal- 
cium deposition in the area of aneurysm formation or 
to ongoing ischemia along the margins of the aneu- 
rysm. 

Ischemic cardiomyopathy: Gated cardiac blood 
pool imaging can serve as a major screening test to 
separate global from regional ventricular dysfunction 
and to separate false from true aneurysm in patients 
with congestive heart failure, malignant arrythmia or 
systemic emboli after myocardial infarction. With the 
gated scan, patients with ischemic cardiomyopathy in 
whom the entire left ventricle is poorly contracting can 
be separated from those with conditions that might 
surgically be corrected such as localized aneurysm for- 
mation or mitral regurgitation after myocardial in- 
farction (papillary muscle dysfunction).*4 The findings 
of preserved left ventricular function (that is, ejection 
fraction greater than 35 percent), increased left ven- 
tricular end-diastolic volume and a large left atrium on 
gated scintigraphy after an infarction are good indirect 
evidence of mitral insufficiency. 


Assessment of Aneurysm Resectability 


Once a left ventricular aneurysm has been identified 
from the cardiac blood pool scintiscan, the question of 
resectability must be considered. Angiographic studies! 
have indicated two predictors of survival after left 
ventricular aneurysmectomy. The first is the extent of 
coronary artery disease and the second is the contrac- 
tility of the nonaneurysmal portion of the left ventricle. 
Thus, Lee et al.,! using a modification of Feild's tech- 
nique?^ to express the vigor of contraction of the nor- 
mally contracting segment of myocardium, were able 
to calculate predicted ejection fraction of the ventricle 
composed of both abnormally and normally contracting 
segments. The amount by which the ejection fraction, 
calculated on the basis of normally contracting seg- 
ments, differed from the actual ejection fraction was 
called the excess ejection fraction. Preoperative survival 
correlated with an excess fraction of more than +0.10. 
Application of this concept of the excess ejection frac- 
tion to the gated cardiac blood pool scintiscan should 
enhance the value of the gated scan in these patients 
and assist in selection of those who should undergc 
cardiac catheterization. 
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Both M mode and two dimensional echocardiography are useful in de- 
termining the origin of mitral regurgitation. Two dimensional echocardi- 
ography appears to be superior to M mode echocardiography in the di- 
agnosis of a flail leaflet, papillary muscle dysfunction and cleft mitral valve. 
It is possible to differentiate valvular causes from myocardial causes of 
regurgitation. Unfortunately, the severity of mitral regurgitation is difficult 
to quantify with either the M mode or the two dimensional technique. 
Echocardiography does allow differentiation of acute forms of mitral and 
aortic regurgitation from chronic volume overload of the left ventricle. 
Rupture of chordae tendineae is the most common cause of acute mitral 
regurgitation, and two dimensional echocardiography is 96 percent 
sensitive in its detection. Bacterial endocarditis, flail aortic valve and 
dissecting aneurysm as causes of acute aortic regurgitation can be de- 
tected with two dimensional echocardiography. Systolic left ventricular 
cavity dimension, percent fractional shortening and ejection fraction are 
important variables in predicting optimal time for surgery in patients with 
chronic aortic and mitral regurgitation. The noninvasive technique of 
echocardiography may be especially useful in decision making in the 
asymptomatic patient. 


The two most common clinical entities associated with volume overload 
of the left ventricle are mitral regurgitation and aortic regurgitation. The 
clinical and hemodynamic responses to acute mitral and aortic regurg- 
itation are totally different from those in the chronic situation. It is 
therefore incumbent on the clinician to recognize severe acute mitral 
and aortic regurgitation because of their devastating hemodynamic 
consequences. In this review we describe the echocardiographic findings 
in mitral and aortic regurgitation, with particular stress on acute 
regurgitation. In addition, we discuss the value of echocardiography in 
determining the optimal time for valve replacement in chronic mitral 
and aortic regurgitation. 


Mitral Regurgitation 


Mitral regurgitation is a syndrome rather than a specific disease entity. 
Mitral valve competence is dependent on normal and coordinated 
function of the mitral valve anulus, mitral valve leaflets, chordae ten- 
dineae, papillary muscles and left ventricular myocardium.' Dysfunction 
of any one or a combination of structures may lead to mitral valve 
regurgitation. 

Table I lists the causes of the murmur of mitral regurgitation in a series 
of 289 patients (constituting approximately 20 percent of all patients 
undergoing two dimensional echocardiographic studies in our laboratory) 
with a clinical diagnosis of mitral regurgitation. Each patient had an 
apical holosystolic or late systolic murmur that was confirmed with 
phonocardiography. In some instances, amyl nitrite was given to a pa- 
tient in order to differentiate between a regurgitant and an ejection-type 
murmur. 
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TABLE | 


Etiology of Murmur of Mitral Regurgitation in 289 
Consecutive Patients 








Patients 
n % 

Rheumatic heart disease 80 28 
Prolapse 70 24 
Papillary muscle dysfunction 49 17 
Flail mitral leaflet 44 15 
Mitral anular calcification 15 5 
Unknown 12 

Cleft anterior mitral leaflet 9 3 
Idiopathic hypertrophic subaortic stenosis 5 2 
Endocarditis 3 1 
Left atrial myxoma 2 1 

Total 289 100% 


Rheumatic heart disease: The M mode echocardio- 
graphic features of rheumatic mitral regurgitation 
include (1) a normal to slightly decreased amplitude of 
mitral valve motion as a result of some degree of valve 
fibrosis; (2) a varying E-F slope; (3) thickened mitral 
leaflets; (4) parallel motion of both anterior and pos- 
terior leaflets during diastole; (5) pattern of volume 
overload of the left ventricle characterized by an en- 
larged left ventricle and hyperdynamic motion of the 
septum and posterior wall; and (6) an enlarged left 
atrium. On occasion some of these findings are indis- 
tinguishable from those of true mitral stenosis. In a few 
patients, a greatly reduced amplitude of motion and a 
flat E-F slope can be recorded that are similar to the 
findings in patients with mitral stenosis. In patients 
with mixed mitral stenosis and insufficiency, a “ski 
slope” appearance has been described. This consists of 
a brisk downward E-F slope initially and then a more 
gradual, flatter diastolic slope during the mid and latter 
portions of diastole. Systolic motion is usually normal, 
a feature that is helpful in distinguishing rheumatic 
mitral regurgitation from mitral valve prolapse. 

The two dimensional echocardiographic features 
include: (1) thickened mitral valve leaflets; (2) an obtuse 
angular bend of the anterior mitral leaflet in diastole, 
particularly apparent in the parasternal long axis view 
(Fig. 1A); (3) a relatively stationary posterior mitral 
leaflet in the parasternal long axis view; (4) an enlarged 
left ventricle and left atrium with hyperdynamic motion 
of the septum and posterior wall; and (5) failure of clo- 
sure of small areas of either the medial or lateral aspect 
of the mitral valve in parasternal short axis views? in 
mild mitral regurgitation or failure of the mitral valve 
to close in the center in severe regurgitation (Fig. 1B). 
Eighty of our 289 patients fulfilled the two dimensional 
echocardiographic criteria for the diagnosis of rheu- 
matic mitral regurgitation. Fifty-two of these patients 
underwent cardiac catheterization, which confirmed the 
diagnosis of mitral regurgitation. Fifty-six patients had 
mixed mitral stenosis and regurgitation; 15 of these 
underwent mitral valve replacement. Twenty-four pa- 
tients had pure mitral regurgitation, and 12 of these 
patients underwent mitral valve replacement. Patients 
* with pure regurgitation generally had a larger diastolic 


\ 


mitral valve area measurement (usually 3.0 cm? oi 
greater) in the parasternal short axis view compared 
with patients with mixed mitral stenosis and insuffi- 
ciency, who had a reduced mitral valve orifice generally 
measuring less than 2.0 cm?.? 

Mitral valve prolapse: The next major group in oui 
series includes 70 patients with mitral valve prolapse 
21 of whom underwent cardiac catheterization. The 
catheterization findings confirmed the presence ol 
prolapse with varying severity of mitral regurgitation. 
Eight patients had significant mitral regurgitation and 
required valve replacement. The two dimensional 
echocardiographic features of prolapse will be described 
as a separate entity elsewhere in this Symposium.‘ Itis 
usually possible to distinguish between rheumatic mi- 
tral regurgitation and mitral valve prolapse with two 
dimensional echocardiography. In rheumatic mitral 
regurgitation, normal coaptation of the mitral leaflets 
during systole is preserved, whereas in mitral valve 
prolapse an abrupt posterior and superior buckling of 
one or both leaflets into the left atrium is seen in the 
parasternal long axis views. 

Papillary muscle dysfunction: Included in this 
group are 49 patients, 23 of whom underwent cardiac 
catheterization. In those patients who underwent left 
ventriculography, diffuse or segmental angiographic 
abnormalities of left ventricular wall motion and vary- 
ing grades of severity of mitral regurgitation were evi- 
dent. In the entire group, 38 patients had clinical and 
electrocardiographic evidence of coronary artery disease 
and 11 had congestive cardiomyopathy. Papillary 
muscle motion and thickening are best assessed in the 
pasternal short axis view.? Two dimensional echocar- 
diography reveals diffuse or segmental abnormalities 
of left ventricular wall motion adjacent to and involving 
one or both of the papillary muscles (Fig. 2). These ab- 
normalities consist of either akinesia, hypokinesia, 
dyskinesia or absence of regional wall thickening. 
Minimal counterclockwise left ventricular rotation 
during systole occurs in both normal subjects and pa- 
tients with heart disease.5 This finding should be taken 
into account when evaluating the frame by frame mo- 
tion of the papillary muscles. In the parasternal long 
axis or four chamber apical view, the systolic coaptation 
point is inferiorly displaced into the body of the left 
ventricle, presumably as a result of'the fibrosed and 
scarred papillary muscle.9 

Flail mitral valve leaflet: Rupture of the chordae 
tendineae is responsible for the acute mitral regurgi- 
tation of most patients. The condition can occur as an 
isolated spontaneous phenomenon in an otherwise 
normal heart or as a complication of mitral valve pro- 
lapse, rheumatic mitral disease, bacterial endocarditis 
or atrial myxoma.’ Forty-four patients are included in 
this group. Thirty-eight of these patients underwent 
cardiac catheterization, and mitral valve replacement 
was performed in 33. Twenty-three had anterior and 21 
had posterior mitral leaflet involvement. 

In the parasternal long axis view of the cross-sec- 
tional echocardiogram, there is systolic motion of the 
tip of the anterior or posterior mitral leaflet into the left 
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FIGURE 1. Two dimensional echocardiograms in rheumatic 
mitral regurgitation. A, parasternal long axis views. Left panel 
demonstrates the mitral valve and left ventricle during systole 
(S). Both leaflets and chordal structures are minimally thick- 
ened. Right panel obtained during diastole (D.) demonstrates 
the typical obtuse angle bend of the anterior mitral leaflet 
(AML). B, parasternal short axis views in a different patient. 
Left panel demonstrates thickened mitral valve leaflets and 
failure of the valve to close in the central area. Right panel 
obtained in cross section during diastole demonstrates a mitral 
valve area measuring 3.0 cm?. A = anterior; Ao = aorta; Inf. 
— inferior; IVS — interventricular septum; L — left; LA — left 
atrium; LPW - left ventricular posterior wall; LV — left ven- 
tricle; MO — mitral valve orifice; P — posterior; PML — pos- 
terior mitral leaflet; R = right; RV = right ventricle; Sup. = 
superior. 
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FIGURE 2. Two dimensional echocardiogram in the parasternal short axis view at the level of the papillary muscle in a patient with mitral insufficiency 
secondary to papillary muscle dysfunction and coronary artery disease. End-diastolic (D.) and end-systolic (S.) frames are accompanied on the 
right by a line drawing of superimposed diastolic (solid line) and systolic (dotted line) endocardial surfaces. The anterolateral papillary muscle (LPM) 
is akinetic as is the lateral and inferior wall of the left ventricle (LV). The posteromedial papillary muscle (MPM) is minimally hypokinetic. The medial 
portion of the septum is akinetic, whereas the superior portion and the anterior wall of the left ventricle are hypokinetic. 


atrium beyond the normal coapatation of the leaflets 
(Fig. 3).5 Normal coaptation of the leaflets is not 
present. Recently, a “snake tongue” deformity has been 
described,’ to denote a rapid, curling darting-like mo- 
tion of a leaflet into the left atrium beyond the closure 
point. The differentiation between a flail leaflet and 
mitral valve prolapse is also apparent in Figure 3. 

The classic M mode echocardiographic findings in 
flail mitral leaflet include systolic intracavitary left 
atrial echoes, systolic mitral valve flutter, coarse dia- 
stolic anterior leaflet flutter in a flail anterior leaflet and 
either paradoxical and chaotic posterior leaflet motion 
or early diastolic posterior leaflet flutter in a flail pos- 
terior leaflet. In a recent study, Mintz et al.!° demon- 
strated that the sensitivity of M mode echocardiography 
is only 60 percent in diagnosing a flail leaflet. In addi- 
tion, systolic mitral flutter and paradoxic posterior 
leaflet motion and systolic left atrial echoes are specific 
but insensitive for a flail leaflet. 

The diagnostic sensitivity increases to 90 percent 
when two dimensional echocardiography is used.19 
However, the specificity of two dimensional echocar- 
, diography is only 84 percent. In the study of Mintz et 
al.” 16 percent (3 of 19 patients) with significant mitral 


\ 


regurgitation and intact chordae tendineae had a false 
positive two dimensional study that suggested a flail 
leaflet. In one patient with severe mitral valve prolapse, 
asymmetrically elongated chordae tendineae allowed 
the tip of the anterior leaflet to prolapse beyond the 
posterior leaflet into the left atrium. Although the 
chordae were intact, the anterior leaflet was “func- 
tionally flail.” The two other patients with a false pos- 
itive study had rheumatic mitral regurgitation. In both, 
the chordae tendineae to the posterior leaflet were 
thickened and intact and those to the anterior leaflet 
were lax. During systole, the posterior leaflet remained 
in a fixed position and the tip of the anterior leaflet 
overshot the fixed posterior leaflet into the left atrium. 
It appears that in these patients, the valve was func- 
tionally flail as well. The importance of recognizing a 
flail leaflet is obvious. Generally, the patients have se- 
vere regurgitation and signs of heart failure with a 
normal or only slightly enlarged left atrium and hy- 
perdynamic motion of the ventricular walls. 

Mitral anular calcification: Fifteen patients with 
the typical M mode echocardiographic of mitral anular 
calcification findings are included in our series. A 
characteristic pattern of a dense band of echoes just 
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FIGURE 3. Flail mitral leaflet versus mitral valve prolapse. All panels were obtained in the parasternal long axis view during systole. In A, a flail 
posterior mitral leaflet (PML) is visualized with motion of the leaflet beyond the normal coaptation point into the left atrium (LA). B depicts a flail 
anterior leaflet (AML) with curling and bending of the tip of the anterior leaflet into the left atrium beyond the line of coaptation. C demonstrates 
mitral valve prolapse with both anterior and posterior leaflets arched superiorly during systole beyond the plane of the mitral anulus (double-headed 
white arrow). Ao = aorta; IVS = interventricular septum; LPW = left ventricular posterior wall; RV = right ventricle. 


posterior to the mitral leaflet frequently obscuring the 
posterior leaflet and having systolic motion parallel to 
the left ventricular posterior wall is observed. These 
echoes extend from the atrioventricular junction into 
the body of the left ventricle. Other associated abnor- 
malities may be present in patients with mitral anular 
calcification, and associated aortic valve sclerosis and 
conduction disturbances may be present.? Mitral anular 
calcification frequently occurs as a degenerative disor- 
der in aged persons. It has been reported in patients 
with Marfan’s syndrome, chronic renal failure, ath- 
erosclerosis and idiopathic hypertrophic subaortic 
stenosis. A recent study!! has suggested that the cal- 
cification actually occurs in the submitral area in the 
elderly patients. The majority of patients have posterior 
submitral calcification that is located in the angle be- 
tween the posterior mitral leaflet and left ventricular 
posterior wall, rather than in the mitral anulus proper. 
Anterior submitral calcification is usually located an- 
terior to the base of the anterior mitral leaflet. 

The two dimensional echocardiographic features of 
mitral anular calcification include a dense crescent- 
shaped band of echoes between the posterior mitral 
leaflet and left ventricular posterior wall in the paras- 
ternal short axis view. For defining the extent of calci- 
fication, the parasternal long axis view or apical view 
may be more suitable (Fig. 4). It is unlikely that two 
dimensional echocardiography is more sensitive than 
M mode echocardiography in the diagnosis of mitral 
anular calcification. 

Unknown cause: Twelve patients in our series, in- 
cluding six who underwent cardiac catheterization, had 
no apparent cause of the mitral regurgitation. The se- 
verity of regurgitation in this group ranged from 1 to 3+. 
All 12 had normal left ventricular wall motion, although 
2 had associated significant coronary artery disease 
(greater than 50 percent narrowing). 

Cleft mitral valve: The nine patients in our series 
with a left mitral valve all underwent cardiac cathe- 


terization. Four required surgical repair of an ostium 
primum atrial septal defect as well as repair of the cleft 
valve. The cleft mitral valve leaflet is not apparent with 
M mode techniques although, in patients who have an 
associated primum defect, a narrowed left ventricular 
outflow tract and prolonged diastolic apposition of the 
anterior mitral leaflet against the septum is evident. On 
two dimensional echocardiography, systolic mitral valve 
motion in patients with a cleft mitral valve is normal. 
However, in parasternal short axis views during diastole, 
the anterior leaflet of the mitral valve opens like a 
drawbridge into two distinct components. The posterior 
leaflet motion is normal. 

Idiopathic hypertrophic subaortic stenosis: Five 
patients in our series had idiopathic hypertrophic 
subaortic stenosis; four of these underwent cardiac 
catheterization. In each patient, M mode and two di- 
mensional echocardiography revealed asymmetric 
septal hypertrophy and systolic anterior motion of the 
mitral valve. 'T'he four patients who underwent cardiac 
catheterization had a left ventricular outflow gradient 
at rest or with provocation, and mitral regurgitation was 
found in all four. None of the five patients underwent 
surgery. 

Mitral vegetation: Three patients had evidence of 
endocarditis; two patients underwent cardiac cathe- 
terization. None of the three had mitral valve prolapse, 
either clinically or on echocardiography or at cardiac 
catheterization. On two dimensional echocardiography, 
a large vegetation with increased echo density attached 
to the anterior mitral leaflet was apparent. None of 
these patients underwent surgery and all are being 
treated medically. It is not possible to differentiate 
between active and healed endocarditis with M mode 
or two dimensional echocardiography. 

Left atrial myxoma: In the two patients with a left 
atrial myxoma, the M mode echocardiogram was com- 
patible with the large prolapsing mass into the mitral, 
valve. The two dimensional echocardiographic study in 
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both instances demonstrated a large echo-dense mass 
moving from the left atrium into the left ventricular 
inflow tract during late diastole. In one patient, surgery 
confirmed the presence of a large tumor. The other 
patient died just before operation. In both instances, the 
patients presented with a murmur of mitral regurgita- 
tion without any evidence of a mid diastolic rumble or 
tumor plop. 

Mitral regurgitation and surgery: Patients with 
severe mitral reg@rgitation (both acute and chronic 
varieties) requiring valve replacement can be recognized 
with two dimensional echocardiography; however, the 
severity of the condition is difficult to quantify.!? The 
most common indications for mitral valve replacement 
are rheumatic heart disease, rupture of the mitral 
chordae tendineae, postinfarction rupture of the pa- 
pillary muscle, intractable infective endocarditis, floppy 
mitral valve and malfunction of a prosthetic valve.!? 
Less common conditions that may require mitral valve 
replacement for regurgitation are transposition of the 
great arteries, partial atrioventricular canal, endocardial 
fibroelastosis, shortened or redundant posterior leaflet, 
accessory orifice, anomalous mitral arcade, isolated cleft 
anterior mitral leaflet or papillary muscle infarction. In 
addition, rarities such as Marfan's syndrome, with or 
without calcified anulus and elongated chordae tendi- 
neae, hypertrophic cardiomyopathy, osteogenesis im- 


ferfecta, carcinoid heart disease and methysergide- 


" 
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FIGURE 4. Two dimensional echocardio- 
gram in a patient with severe mitral anular 
calcification obtained in the parasternal 
long axis views during systole (left) and 
diastole (right). Dense echoes are recorded 
in the post-mitral leaflet and submitral area 
and to a lesser extent in the area of the 
anterior mitral leaflet and posterior aortic 
wall. A = anterior; AML = anterior mitral 
leaflet; Ao = aorta; AV = aortic valve; 
Ca** = calcium; CT = chordae tendineae; 
Desc = descending; LA = left atrium; LV 
= left ventricle; P = posterior; PML = 
posterior mitral leaflet; RV = right ven- 
tricle. 


induced heart disease may require mitral valve re- 
placement. In our institution, ruptured chordae tendi- 
neae accounted for 58 percent of patients requiring 
mitral valve replacement for pure mitral regurgitation.’ 
This was followed by rheumatic mitral regurgitation 
without stenosis in 20 percent, papillary muscle fibrosis 
in 9 percent, myxomatous leaflet degeneration without 
ruptured chordae in 6.5 percent and isolated cleft mitral 
leaflet in 6.5 percent. 


Aortic Insufficiency 


In early reports,” rheumatic or syphilitic involvement 
accounted for the majority of patients with chronic 
aortic insufficiency. With the decline in the incidence 
of these two diseases, aortic insufficiency has become 
a clinical spectrum comprising multiple causes. Bicus- 
pid aortic valve, ankylosing spondylitis, myxomatous 
degeneration of the aortic leaflets, trauma, osteogenesis 
imperfecta, rheumatoid arthritis, Reiter’s syndrome, 
Ehlers-Danlos syndrome, dissection of the aorta, 
Hurler’s syndrome and ventricular septal defect may 
be associated with aortic insufficiency.” On rare occa- 
sions, a murmur of aortic insufficiency may be associ- 
ated with severe anemia, chronic renal failure and severe 
hypertension. 

Acute aortic insufficiency must be differentiated 
from chronic aortic insufficiency. The causes of acute 
severe regurgitation include infective endocarditis, 
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FIGURE 5. Two dimensional echo- 
cardiogram in saccular aneurysm of 
ascending aorta obtained in the 
parasternal long axis view. Left, 
marked saccular dilatation of the 
ascending aorta with an enlarged 
aortic (Ao.) root anulus is demon- 
strated in a patient with aortic in- 
sufficiency. The aortic leaflets in 
this patient are normal. Right, aortic 
root in the parasternal long axis 
view in the second right intercostal 
space. The markedly enlarged as- 
cending aorta (Asc. Ao.) anteriorly, 
with a normal-sized right pulmonary 
artery (RPA), and the left atrium (LA) 
posteriorly are demonstrated. The 
aortic root measures 5.5 cm. A = 
anterior; AV = aortic valve, | = in- 
ferior; P = posterior; MV = mitral 
valve; S = superior. 


dissecting aneurysm, traumatic rupture or prolapse of 
an aortic leaflet and myxomatous degeneration.!? 

In chronic aortic regurgitation, gradually increasing 
preload permits the left ventricle to function as an ef- 
fective low compliance pump with little or no increase 
in filling pressure. Left ventricular mass increases 
mainly because of an increase in left ventricular internal 
dimension at end-diastole with relatively little increase 
in wall thickness. With dynamic exercise, the peripheral 
vascular resistance decreases, diastole shortens as a 
result of increased heart rate and regurgitant fraction 
per beat decreases; thus, an increase in cardiac output 
can be achieved. Although end-diastolic volume is in- 
creased because of regurgitation of blood into the ven- 
tricle, it does not increase further with exercise. 

In acute severe aortic insufficiency, the adaptative 
powers of the left ventricle are restrained. End-diastolic 
pressure increases dramatically in reaction to the acute 
increase in volume because of the constraints imposed 
on filling by the noncompliant left ventricle and, to a 
lesser extent, the pericardium.!? The effective stroke 
volume is decreased and there is a compensatory 
tachycardia. In addition, the peripheral vascular resis- 
tance is increased as a means of maintaining systemic 
arterial pressure. The dramatic increase in left ven- 
tricular end-diastolic pressure exceeds an elevated left 
atrial pressure and is responsible for premature mitral 
valve closure seen in some patients with severe acute 
regurgitation. !4 

M mode echocardiography: The characteristic M 
mode echocardiographic finding of aortic insufficiency 
is diastolic fluttering of the anterior mitral leaflet!’ and, 
to a lesser extent, of the posterior mitral leaflet. High 
flow states such as left to right shunt and chronic ane- 
mia may be associated with fluttering as well. The 
presence or absence of diastolic fluttering of the mitral 
valve is not related to the degree of aortic regurgitation. 
In patients with associated mitral stenosis and thick- 
ened leaflets, fluttering of the mitral valve may not be 
readily detected. In such patients, fluttering of the 
ventricular septum should be looked for because it has 
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been reported to occur in patients with aortic insuffi- 
ciency.!6 These high frequency vibrations are not 
readily appreciated with two dimensional echocardi- 
ography. 

Other M mode echocardiographic findings include 
left ventricular dilatation, hyperdynamic septal and left 
ventricular wall motion and, on occasion, an increase in 
aortic root diameter. In patients with a very high end- 
diastolic pressure, such as that observed in acute aortic 
insufficiency, premature mitral valve closure and less 
commonly premature aortic valve opening have been 
reported.!? Diastolic fluttering of the aortic valve has 
been reported in patients with flail aortic leaflets sec- 
ondary to bacterial endocarditis and myxomatous de- 
generation.!^ Thus, M mode echocardiography may be 
more sensitive than two dimensional echocardiography 
in predicting hemodynamic changes in patients with 
aortic insufficiency. 

Two dimensional echocardiography: More precise 
information can be obtained with two dimensional 
echocardiography with regard to etiologic diagnosis. 
Aortic root lesions as a cause of aortic insufficiency can 
be separated from valvular causes wi¢h two dimensional 
echocardiography. Saccular aneurysms of the ascending 
aorta have been visualized with two dimensional echo- 
cardiography!? (Fig. 5). In addition, the spiral aortic tear 
separating the true lumen from the false lumen in pa- 
tients with aortic dissection has been observed.!? In 
patients with aortic valve endocarditis, valve destruc- 
tion may produce a flail aortic valve leaflet. Both M 
mode and two dimensional echocardiography may not 
visualize a distinct vegetative growth, although two 
dimensional echocardiography may detect a flail aortic 
leaflet more readily than M mode echocardiography!? 
(Fig. 6). 


Echocardiography in Determining Optimal Time 
for Surgery in Chronic Volume Overloading of the 
Left Ventricle 


Chronic aortic insufficiency: It has been reported* 
that if surgery for patients with aortic regurgitation is 
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FIGURE 6. Two dimensional echocardiograms obtained in the parasternal long axis view depicting the valve motion in a flail aortic valve. A, shows 
the normal aortic cusps; the right (RCC) and noncoronary cusps (NCC) open during systole with the leaflets opposing the respective walls of the 
aorta. B, shows the aortic (Ao) leaflets in early diastole with the right coronary cusp in the closing position and the noncoronary Cusp (arrow) beginning 
to prolapse into the left ventricular (LV) outflow tract. C, shows the leaflets during later diastole with normal closure of the right coronary Cusp and 
eversion and prolapse of the noncoronary cusp into the outflow tract (arrow). The flail aortic leaflet resulted from bacterial endocarditis, but no 
vegetation was demonstrated. A = anterior; LA = left atrium; MV = mitral valve; P = posterior. 


deferred until significant symptoms develop, approxi- 
mately 50 percent of patients surviving the procedure 
die within 5 years, most from congestive heart failure 
secondary to irreversible myocardial damage. 

A group of 50 patients who underwent aortic valve 
replacement for i®lated symptomatic aortic regurgi- 
tation were studied prospectively. There were three 
operative deaths (6 percent), and seven patients died 
of congestive heart failure in a follow-up period ranging 
from 5 to 37 months after surgery. There were no sig- 
nificant preoperative hemodynamic or electrocardio- 
graphic predictors of late death from congestive heart 
failure. M mode echocardiographic indexes of systolic 
function (ejection fraction, fractional shortening and 
end-systolic dimension) were accurate predictors of late 
congestive heart failure. Of 17 patients with a preop- 
erative left ventricular end-systolic dimension greater 
than 55 mm, 47 percent died either at operation or of 
postoperative congestive heart failure. In 29 percent of 
the patients who are alive, impaired left ventricular 
systolic function is still present postoperatively, whereas 
only 24 percent have normal postoperative systolic 
function. In contrast, of 33 patients with a preoperative 
End-systolic dimension less than 55 mm, 85 percent are 


still alive, and only 1 of 5 deaths was due to congestive 
heart failure. 

In order to test the hypothesis that patients should 
be operated upon once systolic dysfunction is docu- 
mented, another group of 37 patients with asymp- 
tomatic aortic regurgitation were studied prospec- 
tively.?! The mean follow-up period was 34 months. 
Fourteen patients (38 percent) subsequently manifested 
symptoms that required operation and 23 (62 percent) 
remained asymptomatic during the follow-up period. 
Four (80 percent) of five patients with a preoperative 
end-systolic dimension greater than 55 mm subse- 
quently had symptoms and required surgery. Of the 20 
patients whose initial end-systolic dimension was 50 
mm or less, only 4 (20 percent) had symptoms that re- 
quired operation and none died during the follow-up 
period. 

Exercise studies may also be helpful in predicting 
tuming of operation. Patients with impaired systolic 
function on echocardiography but with good treadmill 
exercise capacity have reversible myocardial disease; 
systolic function returns to normal after operation and 
death from congestive heart failure is rare. Patients with 
impaired systolic function on M mode echocardiography 
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who exercised poorly on the treadmill have a large in- 
cidence of left ventricular dysfunction and a propensity 
for the development of congestive heart failure and 
death. It thus appears that asymptomatic patients with 
aortic regurgitation and a left ventricular end-systolic 
dimension less than 50 mm appear to be at low risk for 
the development of congestive heart failure and can be 
safely followed up with yearly M mode echocardio- 
grams. Patients with an end-systolic dimension between 
50 and 54 mm who are asymptomatic should be care- 
fully followed up with serial echocardiograms every 4 
to 6 months. On the basis of these observations, Henry 
et al.?! are recommending surgery in patients with 
asymptomatic aortic regurgitation who have an end- 
systolic dimensions of 55 mm or greater. 

Chronic mitral regurgitation: In the presence of 
chronic volume overload, left ventricular function 
represents a complex interaction between myocardial 
contractile state, fiber length and afterload. In chronic 
mitral regurgitation, afterload is affected by a low im- 
pedance system occurring as a result of a large distended 
left atrium. An unexpected worsening of left ventricular 
function may occur early after mitral valve replace- 
ment. On the basis of the M mode preoperative 
echocardiographic findings, Schuler et al.?? were able 
to differentiate between two subgroups of patients with 


mitral regurgitation. In patients with mitral regurgi 
tation who have moderate left ventricular dilatation àn« 
a normal ejection fraction preoperatively, regression o 
myocardial hypertrophy and only minimal reductio: 
of left ventricular percent shortening may occur afte 
mitral valve replacement. In contrast, in patients wit] 
mitral regurgitation with significant left ventricula 
dilatation (end-diastolic and end-systolic diameter 7.( 
and 5.0 cm, respectively) and a low normal or decrease 
ejection fraction preoperatively, further depression o 
left ventricular ejection fraction with persistent cavity 
dilatation and wall hypertrophy were observed afte! 
mitral valve replacement. In the latter group it appear: 
that left ventricular shortening has become partially 
dependent on systolic afterload reduction through a lov 
impedance leak. 

Thus M mode echocardiography provides accurate 
prognostic information with regard to reversible oi 
irreversible left ventricular function in patients witl 
chronic volume of the left ventricle. Whether two di 
mensional echocardiography, by providing more accu 
rate overall left ventricular chamber dimensions anc 
ejection fraction determination, will enhance the ability 
of noninvasive techniques to determine operability ir 
patients with a volume overloaded ventricle remains t« 
be seen. 
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In valvular heart disease, there is a different radionuclide angiographic 
pattern in each of three left-sided valve abnormalities: pressure overload 
(aortic stenosis), volume overload (aortic or mitral regurgitation) and 
inflow obstruction (mitral stenosis). In pressure overload, the left ventricle 
is usually normal in size or minimally dilated. The ejection fraction may 
be normal, increased or decreased. In volume overload, there is left 
ventricular dilatation with a normal or reduced ejection fraction at rest. 
Scans may be performed during exercise to unmask abnormalities of 
ventricular function not evident at rest. In inflow obstruction, left ventricular 
function is usually normal but may be depressed. Right ventricular function 
may be abnormal secondary to pulmonary hypertension. 

Radionuclide angiography in valvular heart disease evaluates the im- 
pact of the valve abnormality on cardiac chamber size and function, which 
is useful in managing the patient, in determining the prognosis and in 
evaluating the success of valve surgery. Thallium-201 imaging evaluates 
regional myocardial blood flow and cell integrity and can be used to assess 
associated coronary artery disease. 


Patients with valvular heart disease may have heart failure on the basis 
of mechanical factors or depression of ventricular contractile function.!-4 
Differentiation of the contribution of each of these factors to cardiac 
insufficiency is important in both management and prognosis.*® Ra- 
dionuclide methods are helpful in assessing this clinical problem.? Ra- 
dionuclide angiography can define the impact of the valvular abnor- 
mality on cardiac chamber size and function, whereas thallium-201 
myocardial imaging may be helpful in detecting and evaluating associ- 
ated coronary artery disease. Assessment of ventricular function con- 
stitutes the single most important use of radionuclide imaging in valvular 
heart disease. Preoperative studies are useful in determining when is the 
appropriate time to intervene surgically and when a patient may be a 
poor operative risk.9-1? These approaches have also helped to define 
results to be anticipated postoperatively. 


Ejection Fraction in Valvular Heart Disease 


Ejection fraction is one of the most easily measured and valuable in- 
dexes of ventricular function.!!-16 The normal ejection fraction range 
depends on the method by which it is obtained.!’ A reduction in ejection 
fraction correlates with the presence of clinical heart failure!? and gen- 
erally implies a worse clinical course.®:!9 However, the ejection fraction 
has three important diagnostic limitations?°: (1) dependence on *ex- 
trinsic" determinants of ejection; (2) tendency to normalize with com- 
pensatory mechanisms; and (3) lack of correlation with heart failure. 

The first limitation is that ejection fraction is a complex function 
of both “intrinsic” myocardial contractile performance and four “ex- 
trinsic” determinants of stroke volume. These extrinsic factors include 
heart rate, afterload (systolic wall stress), preload (end-diastolic volume) 
and factors that influence the inotropic state.*1?.152! Ejection fraction 
tends to be lower at higher heart rates;??-?5 it decreases with increasing 
afterload;??:26-90 it increases with increasing preload;??2830-33 and it 
increases with increased inotropic stimulation.®° The influence of these 
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"extrinsic" factors becomes a particular problem in 
valvular heart disease because of the occurrence of large 
alterations in preload or afterload or both.*4 Therefore, 
the ejection fraction may be misleading, and direct in- 
ferences from this value about myocardial function 
should be made with caution.?’ 

Second, in cardiac disease, there are chronic com- 
pensatory mechanisms, such as dilatation and hy- 
pertrophy, that tend to maintain the ejection fraction 
in the normal range.*4-°© To uncover compensated 
states and reserve function, it has been suggested that 
ejection fraction should be determined with stress as 
well as at rest.?” Although the prognostic implications 
of the ejection fraction response to stress are not well 
established, this approach detects abnormalities that 
precede a deterioration in the ejection fraction at rest 
and might serve as an earlier indicator of serious dis- 
ease. 

Finally, the ejection fraction may not directly relate 
to the presence or absence of heart failure. Heart fail- 
ure can be considered a clinical expression of elevated 
atrial pressure and there are important causes of atrial 
pressure elevation in which systolic function may appear 
normal, such as volume overload and ventricular inflow 
obstruction.*19.21 


Radionuclide Analysis of Ventricular Function 


Ventricular volumes: Radionuclide angiography 
(either first pass or gated equilibrium) can be used to 
reliably quantitate the ejection fraction of both the right 
and the left ventricle.*** Radionuclide techniques may 
also be used to estimate left ventricular end-diastolic 
volume. Both area-length (geometric)4?:4»46 and count 
(nongeometric)*"4 methods have been reported. Be- 
cause the radionuclide techniques possess relatively low 
resolution, these methods only give an approximation 
of the actual volume. Àn increase in end-diastolic vol- 
ume usually reflects ventricular dysfunction and 
therefore tends to correspond to a decrease in ejection 
fraction. However, in valvular heart disease, mea- 
surement of end-diastolic volume has added importance 
because it increases early in the course of volume over- 
load, whereas ejection fraction remains normal.59-5? 
End-diastolic volume is a measure of preload, which 
gives perspective to the ejection fraction.?'?? In addi- 
tion, stroke volume and end-systolic volume can be 
calculated from end-diastolic volume and ejection 
fraction. The stroke volume increases in relation to the 
degree of volume overload, reflecting an increased 


TABLE I 
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ventricular output.995! The end-systolic volume in- 
creases when left ventricular contractility is reduced and 
when afterload is increased and is minimally affected 
by isolated changes in preload.?! Some have suggested 
that the end-systolic volume is actually a better indi- 
cator of intrinsic myocardial function than is the ejec- 
tion fraction.5?.54 

Pulmonary blood volume changes to study ven- 
tricular diastolic function: Although the radionuclide 
angiographic measurement of ejection fraction is a 
valuable noninvasive index of ventricular systolic 
function, it does not provide information on diastolic 
function.!^!^ However, in recent studies, analysis of 
pulmonary blood volume change from rest to exercise 
in patients with coronary artery disease was very sen- 
sitive in detecting reduced left ventricular function 
reserve, even more sensitive than ejection fraction.5»56 
'The change in pulmonary blood volume is an indirect 
measure of a change in left atrial pressure during stress. 
Although as yet untested, this measurement could be 
valuable in valvular disease, as an indicator of the 
combined effect of mitral valve function and diastolic 
ventricular performance. 


Clinical Application in Valvular Heart Disease 


In this review, the application of radionuclide 
methods for detection and prognostication in valvular 
disease will be analyzed. For the purpose of this dis- 
cussion, the radionuclide findings are most conveniently 
described under the following general categories: (1) left 
ventricular pressure overload; (2) left ventricular vol- 
ume overload; and (3) left ventricular inflow obstruc- 
tion. In each section, the postoperative findings will also 
be reviewed. The importance of ventricular function 
analysis in valvular disease will be discussed, relying on 
data derived from contrast angiographic and echocar- 
diographic studies as well as radionuclide studies. 


Pressure Overload (Aortic Stenosis) 


Rest radionuclide angiography: The left ventric- 
ular ejection fraction at rest may be normal, increased 
or decreased in patients with aortic stenosis; however, 
it remains within the range of normal in the majority of 
patients (‘Table I).?499 The reason is that the pressure 
overload usually develops gradually, permitting com- 
pensation primarily by concentric hypertrophy.457-59 
Occasionally, ejection fraction may be increased with 
cavity obliteration in systole due most likely to an ex- 
cessive hypertrophic response.99-6? This response can 


Distribution of Left Ventricular Angiographic Findings in Valvular Heart Disease* 


End-Diastolic Stroke Volume 
Ejection Fraction Volume 
Reduced Enlarged Reduced Normal Increased 
Aortic stenosis 37% 14% 15% 85 96 0 96 
Aortic regurgitation 50%! 90% 0% 20% 80% 
Mitral stenosis 37 96 0 96 22 96 78% 0% 
Mitral regurgitation 22% 65% 0% 38% 62% 


* Adapted from Kennedy et al.59.5! t Approximate values. 
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be detected by radionuclide angiography. 

*About 40 percent of patients with aortic stenosis have 
a reduced ejection fraction and about 15 percent have 
a left ventricular end-diastolic volume above the normal 
range.?? The end-diastolic volume increases in aortic 
stenosis as a reflection of worsening left ventricular 
function and this change is parallel with the reduction 
in ejection fraction. In this situation, prognosis is omi- 
nous if the aortic stenosis is not surgically cor- 
rected.5? 

Because ejection fraction is known to decrease as a 
result of increased afterload alone, the reduced ejection 
fraction in pressure overload may be related to increased 
afterload as well as to reduced myocardial contractile 
function.94-7? The ejection fraction in aortic stenosis is 
unrelated to the severity of the aortic stenosis (systolic 
gradient, aortic valve area), but has closely been in- 
versely correlated with mid wall circumferential wall 
stress, a measure of afterload.5? Because the compen- 
satory response to increased afterload is hypertrophy 
to normalize wall stress, myocardial performance at rest 
is probably primarily determined by the adequacy of 
adaptation to the increased afterload. Therefore, con- 
tractile function in aortic stenosis may not be depressed 
despite a reduced ejection fraction, but may simply 
reflect an “afterload mismatch" (increased afterload 
and inadequate compensatory hypertrophy ).?! This is 
consistent with pathologic findings in aortic stenosis 
showing minimal degenerative changes, even when 
ejection fraction is reduced.47273 Furthermore, the 
duration of hemodynamically severe disease during 
which time degenerative changes might develop tends 
to be relatively short.74^7^ 

Although aortic stenosis affects the left ventricle 
primarily, it may affect other chambers as well. Pa- 
tients frequently have poststenotic dilatation of the 
ascending aorta. The blood pool of the ascending aorta 
is clearly delineated, although this observation seldom 
has important clinical implications in patients with 
aortic stenosis. The right heart is usually not severely 
affected in aortic stenosis, although in the occasional 
patient with secondary pulmonary hypertension, right 
ventricular dilatation might be observed. Further 
discussion of the®effect of secondary pulmonary hy- 
pertension on the right heart is included in the discus- 
sion on mitral stenosis that follows. 

Exercise radionuclide angiography: Borer et al.7? 
studied 28 patients with aortic stenosis by supine ex- 
ercise radionuclide angiography. Although the mean 
ejection fraction at rest in these patients was normal, 
the ejection fraction during exercise was below normal 
and in fact decreased in 25 patients (89 percent). 
Therefore, although a normal resting left ventricular 
ejection fraction is usually maintained in aortic stenosis 
by chronic compensatory mechanisms, the reserve ca- 
pacity of the left ventricle to respond to additional stress 
appears to be less than normal.9677 Although this re- 
sponse can be used clinically to confirm the presence of 
severe pressure overload, symptomatic patients with 
suspected or proved aortic stenosis should not be rou- 
tinely exercised because of the risk of syncope and 

*sudden death. Furthermore, because the response is 
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similar to that reported in patients with coronary artery 
disease, exercise radionuclide angiography is not specific 
for coronary artery disease in the setting of aortic ste- 
nosis. Therefore, exercise radionuclide angiography is 
seldom clinically indicated in patients with aortic ste- 
nosis. 

Thallium-201 imaging: Thallium-201 studies in 
aortic stenosis reveal intense tracer uptake by the left 
ventricular myocardium in relation to the degree of 
concentric hypertrophy.’® However, because of low 
resolution, reliable quantitation of wall thickness and 
left ventricular mass is only possible with echocardi- 
ography.?? 

Because patients with aortic stenosis are frequently 
older adults and may have symptoms of angina pectoris, 
exercise thallium-201 studies have been performed to 
detect the presence of associated coronary artery dis- 
ease. However, of 11 patients with aortic stenosis 
without coronary artery disease, 7 (64 percent) had a 
myocardial defect with exercise,"? suggesting coronary 
artery disease. Exercise perfusion abnormalities may 
develop in patients with aortic stenosis and normal 
coronary arteries because of an imbalance in myocardial 
supply and demand known to occur in aortic steno- 
sis/?59 and because of stress-induced wall thinning, 
resulting from the decrease in ejection fraction with 
exercise.?! For these reasons, exercise thallium-201 
imaging is unreliable in detecting or excluding coronary 
artery disease in association with aortic stenosis. 

Thallium-201 imaging at rest, however, may be of 
value in the patient with aortic stenosis, coronary ar- 
tery disease and a reduced ejection fraction. ®2 In such 
a patient, the presence of a scar on the thallium-201 scan 
suggests that a prior myocardial infarction had occurred 
and that the reduction in ejection fraction was caused, 
at least in part, by coronary artery disease. However, the 
absence of a scar suggests that the reduced ejection 
fraction was primarily a result of the aortic stenosis. 

Postoperative studies: In isolated aortic stenosis in 
the absence of coronary artery disease, surgical risk does 
not appear to be increased by a reduced ejection fraction 
preoperatively.5?-55 Furthermore, postoperatively, 
ejection fraction usually becomes normal, even if the 
preoperative ejection fraction had been reduced.83-89 
This finding is consistent with prior experimental 
studies on the effect of removal of afterload on left 
ventricular function.95-7? In addition, left ventricular 
function remains normal on postoperative exercise ra- 
dionuclide angiographic studies.” 

Another clinical problem in valvular heart disease 
is the patient who undergoes aortic valve replacement, 
improves clinically, yet presents several years later 
with heart failure. If an artificial prosthesis is present, 
retrograde contrast left ventriculography may be dif- 
ficult. In these patients, the degree to which the heart 
failure is related to a new mechanical overload or myo- 
cardial dysfunction can be suggested by radionuclide 
angiography.9? With an ejection fraction above 50 per- 
cent, a surgically reversible mechanical abnormality is 
usually the major cause of heart failure. There may be 
prosthetic valve stenosis or insufficiency or an abnor- 
mality of another valve. If the ejection fraction is under 
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50 percent, myocardial dysfunction is present. A me- 
chanical abnormality may also be present, but there is 
less likelihood of improvement with surgery. 

In summary, radionuclide studies have limited value 
in the clinical management of patients with isolated 
aortic stenosis. The reason is that the decision to replace 
the aortic valve in isolated aortic stenosis is based pri- 
marily on patient symptoms, such as angina and con- 
gestive heart failure. In addition, surgical results are 
uniformly excellent, with the ejection fraction returning 
to normal postoperatively.??! Because of the lack of 
specificity of exercise radionuclide studies for coronary 
artery disease, these tests cannot be relied on to detect 
associated coronary artery disease. Nevertheless, when 
coronary artery disease is present, radionuclide studies 
may be of value in evaluating regional wall motion ab- 
normalities and in identifying patients with a worse 
prognosis after surgery. 


Volume Overload (Aortic or Mitral Regurgitation) 


Radionuclide angiography at rest: Radionuclide 
angiographic assessment of left ventricular function is 
very useful in left ventricular volume overload. In con- 
trast to pressure overload, the severity of the overload 
itself can be visualized as an increased stroke volume. 
'The following discussion analyzes the pathophysiologic 
basis for the radionuclide angiographic assessment of 
ventricular function in volume overload. 

Left ventricular volume overload (due to either 
aortic or mitral valve regurgitation) is characterized 
by a continuously elevated stroke volume in order to 
maintain an adequate forward cardiac output.?^ The 
degree of elevation of the stroke volume is directly re- 
lated to the regurgitant volume.?? This has prompted 
Rigo et al.9? to suggest that the severity of the left ven- 
tricular volume overload can be assessed noninvasively 
from the left anterior oblique gated equilibrium radio- 
nuclide scan, by comparing the regurgitant left ven- 
tricular stroke volume with that of the nonregurgitant 
right ventricle. However, the accuracy of this approach 
is limited by problems inherent in the radionuclide 
count analysis of right ventricular stroke volume, such 
as varying background, scatter, atrial overlap, ventric- 
ular size and geometry and edge detection.*? The in- 
creased stroke volume in chronic volume overload is 
achieved by increased end-diastolic volume (preload), 
and the Starling effect is used to maintain ejection. As 
a result, ejection fraction remains normal and is rarely 
above normal59-549594 (Fig. 1). 

In compensated volume overload, end-diastolic 
pressure is often normal at an increased end-diastolic 
volume, indicating that a change in the pressure-volume 
relation of the ventricle has occurred.??:93-101 This in- 
crease in compliance develops as part of the chronic 
adjustments to the volume overload. When the volume 
overload is acute, before adjustments in compliance, the 
findings are different. End-diastolic pressures are ele- 
vated and reductions in ejection fraction are sel- 
dom.465.102-104 Tn patients with these findings, regurg- 
itant volumes are frequently significantly less than 
those in patients with severe chronic valve regurgitation 
who have less severe or no congestive symptoms.!9? In 
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FIGURE 1. Gated equilibrium radionuclide angiogram from a patient 
with severe aortic regurgitation in the anterior (left) and left anterior 
oblique (right) projection. End-systole is above and end-diastole below. 
The left ventricular end-diastolic volume and stroke volume are greatly 
increased. The left ventricular ejection fraction is 61 percent. 


contrast, patients with chronic regurgitation have in- 
creased compliance and tend to manifest symptoms of 
heart failure only in association with a reduction in 
ejection fraction and advanced irreversible left ven- 
tricular dysfunction.!®9! 

In mitral regurgitation, the disparity between acute 
and chronic forms is somewhat different in that left 
atrial pressure is increased directly by the regurgitant 
volume.94105-107 Thus, congestive symptoms appear 
much earlier before left ventricular dysfunction is 
present than they do in chronic aortic regurgitation. 
Although adjustments in left ventricular compliance 
develop with mitral regurgitation, left atrial size and 
compliance are also major determirfants of left atrial 
pressure.!05-108 Acute mitral regurgitation is charac- 
terized by normal sinus rhythm, a normal-sized left 
atrium and greatly elevated left atrial pressures, 
whereas chronic mitral regurgitation is characterized 
by atrial fibrillation, a dilated left atrium and less severe 
atrial pressure elevation.?! In extreme left atrial en- 
largement, left atrial pressure may be normal.!?? 

In addition to dilation and increased compliance, 
another major compensatory response of the left 
ventricle to chronic volume overload is to increase wall 
thickness as the chamber dilates. The ratio of wall 
thickness to chamber radius remains constant, which 
is termed “eccentric hypertrophy,” and is a compen- 
satory mechanism to normalize wall stress.49457-59,99,110 
In addition, the ventricle changes shape from ellipsoidal 
to spherical, which is another compensatory mechanism 
to normalize elevated systolic wall stress. The ventricle’s 
shape changes in relation to the reduction in ejection" 
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fraction and indicates that left ventricular dysfunction 
is'present.97,93,94,99 

Numerous studies have demonstrated that “de- 
generative" hypertrophic changes develop along with 
the “physiologic” hypertrophic changes in chronic left 
ventricular volume overload.7?.73.99,101,110-112 Degen- 
erative changes include fiber slippage and fibrosis, are 
irreversible and may account for the poor clinical results 
in some patients after surgical correction of the chronic 
volume overload.^195? However, because of the preload 
augmentation the ejection fraction in chronic left ven- 
tricular volume overload may continue to be normal, 
even in the presence of these irreversible changes.!!? 

Afterload is greatly reduced in mitral regurgitation 
because ejection occurs in part into a low pressure 
chamber, the left atrium, and nearly half of the regur- 
gitation occurs during “isovolumic” systole before 
enough pressure is generated to open the aortic 
valve.9?*107 Afterload in aortic regurgitation is higher 
than that in mitral regurgitation.?5!!^ As a result, 
end-diastolic volume is larger and ejection fraction is 
lower in aortic regurgitation compared with mitral 
regurgitation for a given severity and duration of 
regurgitation.*^195 The ejection fraction is reduced in 
about 50 percent of patients with aortic regurgitation 
and in only about 20 percent of patients with mitral 
regurgitation.995! For the same reason, eccentric hy- 
pertrophy and degenerative changes are more extensive 
in aortic than in mitral regurgitation.* Degenerative 
changes are seldom seen in chronic mitral regurgitation 
unless severe heart failure is present.!!2 

Both lesions demonstrate similar changes in left 
ventricular function in response to pharmacologic al- 
terations in afterload, which may be evident on the 
radionuclide angiogram.!!?-115 Ejection fraction in left 
ventricular volume overload is inversely related to 
systolic outflow resistance, which is an important de- 
terminant of left ventricular function in these pa- 
tients.?? 

A difficult clinical problem is the evaluation of a 
patient with left ventricular volume overload and se- 
vere left ventricular dysfunction, as evidenced by a 
large round, poorly contracting ventricle. 'The myo- 
cardial dysfunctióh might be secondary to degenerative 
changes resulting from the regurgitant lesion or, if in 
excess of that accountable for on the basis of chronic 
volume overload, there is usually an additional cause, 





FIGURE 2. End-diastolic image (anterior view) from a patient with mild 
@ortic regurgitation and Marfan's syndrome. The dilated ascending aorta 
is evident. 
o 
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such as associated coronary artery disease.!!? The latter 
may be suspected on the basis of regional left ventricular 
wall motion abnormalities, although such abnormalilies, 
particularly at the left ventricular apex, may develop 
in chronic left ventricular volume overload with no 
coronary artery disease as well.?? A reduced ejection 
fraction with aortic and mitral regurgitation is associ- 
ated with a less favorable prognosis, yet there may be 
symptomatic and hemodynamic improvement after 
valve replacement in some patients.!?! 

Left ventricular volume overload may produce other 
changes on the blood pool scan in addition to changes 
in left ventricular volumes. In aortic regurgitation, 
there is frequently aortic root enlargement with in- 
creased pulsations, analogous to that observed during 
chest fluoroscopy. Furthermore, in aortic regurgitation 
due to aortic root disease, such as cystic medial necrosis 
or giant cell aortitis, aneurysmal dilatation of the as- 
cending aorta may be appreciated (Fig. 2). Radionuclide 
angiography may have an advantage over echocardi- 
ography in being able to delineate enlargement of the 
entire ascending aorta. In mitral regurgitation, the left 
atrium and right heart are often dilated, as in mitral 
stenosis (see discussion that follows), in response to 
chronic elevation in left atrial pressures. 

Exercise studies: An important clinical problem is 
that patients with severe chronic aortic regurgitation 
may have ventricular dysfunction and yet remain 
asymptomatic. Such abnormalities are important to 
discover in asymptomatic patients, because by the time 
significant symptoms have occurred, potentially irre- 
versible left ventricular dysfunction might have pro- 
gressed, resulting in a less optimal surgical outcome.!9 
Accordingly, noninvasive measurement of ejection 
fraction with exercise has been proposed as a means of 
detecting underlying dysfunction in the presence of a 
normal ejection fraction at rest. Borer et al.!?? have 
studied the ejection fraction response to exercise in 
aortic regurgitation. Eight patients with symptomatic 
aortic regurgitation (who are generally considered 
candidates for valve replacement) all demonstrated a 
decrease in ejection fraction during maximal supine 
bicycle exercise. In 22 patients with asymptomatic 
aortic regurgitation, all but one had a normal resting 
ejection fraction. However, 16 had a subnormal and 6 
had a normal ejection fraction response to exercise. The 
16 patients with an abnormal ejection response were 
thought to have exercise-induced left ventricular dys- 
function and therefore might be earlier surgical candi- 
dates. 

The “normal” ventricle increases ejection fraction 
with exercise because of an ability to increase con- 
tractile function, ejecting a larger stroke volume at a 
similar or lower end-systolic volume (contractile re- 
serve).!571 This increase occurs despite increases in 
heart rate and aortic pressures with exercise, which tend 
to reduce ejection fraction. A subnormal ejection frac- 
tion response usually occurs with an increase in end- 
diastolic volume and suggests underlying ventricular 
dysfunction. In contrast, the subnormal ejection frac- 
tion response to exercise in aortic regurgitation is as- 
sociated with a decrease in end-diastolic volume.!?? 
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This can be accomplished only by a decrease in stroke 
volume in excess of the change in end-systolic volume. 
A reduction in stroke volume in excess of that antici- 
pated due to myocardial dysfunction is consistent with 
the shortened diastolic filling period and reduced 
regurgitant volume that occur during increased heart 
rates and exercise in aortic regurgitation.??.1?? There- 
fore, a decrease in ejection fraction with exercise is a 
common finding in severe aortic regurgitation. Patients 
with early depression of myocardial function who may 
be surgical candidates are likely to be identified. How- 
ever, this index may be too sensitive, also identifying 
patients maximally stressed by large regurgitant vol- 
umes, who do not necessarily have underlying myocar- 
dial dysfunction. 

In a study'!*4 in patients with mitral regurgitation, 
10 of 20 patients demonstrated a decrease in ejection 
fraction with exercise. As with aortic regurgitation, the 
significance of an abnormal ejection fraction during 
exercise remains uncertain. 

Postoperative studies: Numerous studies have 
evaluated left ventricular systolic function after cor- 
rection of aortic and mitral regurgitation.°4:%°:!25-182 
Although clinical response is generally good, the angi- 
ographic findings appear to be inconsistent. Nearly all 
patients demonstrate paradoxical septal motion after 
valve replacement.!?"!°3 The mechanism and signifi- 
cance of this finding are unknown. 

In addition, after correction of volume overload, the 
end-systolic volume changes minimally and, as a re- 
sult, there is a decrease in ejection fraction. 29182 
Several mechanisms have been proposed to explain this 
apparent reduction in left ventricular function: (1) It 
may be, in part, a result of the abnormal septal motion 
that occurs after valve replacement.!?713? The abnormal 
septal motion is more likely to affect an M mode echo- 
cardiographic assessment of left ventricular function 
than the nongeometric global approach of radionuclide 
methods. (2) There may be perioperative damage to the 
heart.87-130,134 Although possible, this is not consistent 
with the lack of decrease in ejection fraction after cor- 
rection of aortic stenosis or mitral stenosis. (3) The 
postoperative changes in ejection fraction may reflect 
altered loading conditions.97?!99 Preload is reduced by 
eliminating the regurgitant volume. The afterload is 
probably not changed as dramatically. In aortic regur- 
gitation, there is increased afterload postoperatively due 
to a residual systolic pressure gradient across the cur- 
rently available prosthetic valves.88:113:135 In mitral 
regurgitation, the increased afterload is a result of re- 
moval of the low impedance ejection pathway into the 
left atrium.!?? 

Over the year or two after surgery, there are con- 
flicting data on whether ejection fraction returns to 
normal or even to preoperative values.966.83,84,88,125-132 
Ejection fraction may remain depressed postoperatively 
in patients whose ventricles were excessively dilated 
preoperatively, a finding consistent with clinical studies 
indicating that severe left ventricular dysfunction and 
heart failure preoperatively predict a reduced survival 
postoperatively.1?6.197 Because most patients with mi- 
tral regurgitation have excellent improvement in 


functional class postoperatively, the prognostic impli- 
cations of the reduction in ejection fraction remain 
uncertain. 

The response of the ejection fraction to exercise in 
the postoperative patient with previously asymp- 
tomatic aortic regurgitation has not been reported. Of 
10 recently studied patients with symptomatic aortic 
regurgitation and a normal resting ejection fraction 
preoperatively, 9 had an abnormal ejection fraction with 
exercise preoperatively and the index remained ab- 
normal in 4 postoperatively. Among 6 symptomatic 
patients with an abnormal resting ejection fraction 
preoperatively, all had an abnormal ejection fraction 
with exercise both pre- and postoperatively.!?? The 
frequent finding of abnormal cardiac reserve in symp- 
tomatic patients postoperatively is consistent with 
significant pathologic damage occurring preoperatively 
as a result of chronic volume overload in these pa- 
tients.?? 

In summary, radionuclide angiography is valuable 
in volume overload in both confirming its presence and 
assessing ventricular function. A depressed ejection 
fraction at rest implies a poor prognosis and indicates 
that residual left ventricular function will be present 
after surgery.?! End-systolic volume at rest or the 
ejection fraction response to exercise may be measured 
serially and may identify patients in whom earlier sur- 
gery should be considered. Further studies are needed 
to define precisely the criteria for optimal timing of 
valve replacement. 


Inflow Obstruction (Mitral Stenosis) 


With obstruction to left ventricular inflow, left atrial 
pressures increase, causing pulmonary congestion, 
pulmonary hypertension and right ventricular pressure 
overload.!39.149 The radionuclide angiogram delineates 
the left atrial and right heart enlargement resulting 
from this hemodynamic abnormality. Inflow obstruc- 
tion is typified by mitral stenosis; however, it may also 
be produced by left atrial myxoma. 

Mitral stenosis: Of the four left-sided valve lesions, 
mitral stenosis has least effect on the left ventricle, 
causing no major direct hemodyrfamic stresses on 
it.414! Nevertheless, 30 to 40 percent of patients with 
mitral stenosis have a depressed left ventricular ejection 
fraction.5..199 This finding is, in part, related to an un- 
derfilled ventricle with a decreased preload, leading to 
a reduced stroke volume. In addition, the reduced left 
ventricular ejection fraction has also been ascribed to 
associated rheumatic myocardiopathy and to limita- 
tions of left ventricular excursion with a rigid mitral 
valve apparatus./472.142,143 The reduction in ejection 
fraction does not correlate with the severity of the mitral 
stenosis.^! 

A frequent consequence of atrial fibrillation is that 
the sampling of only a few beats on a contrast angiogram 
or echocardiogram may not accurately indicate left 
ventricular or right ventricular function.?? In contrast, 
the gated equilibrium acquisition, by sampling several 
minutes of cardiac cycles, provides an average ejection 
fraction, allowing a better overall determination of left 
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FIGURE 3. Gated equilibrium radionuclide angiogram in a patient with 
mitral stenosis in the anterior (ANT) and left anterior oblique (LAO) 
projections. An enlarged right atrium and right ventricle are evident. 
The left ventricle is reduced in size and the ejection fraction is 59 
percent. The left atrium is obscured by overlying chambers in these 
projections. D = end-diastole; S = end-systole. 


ventricular function. Thus, the beat-to-beat variations 
that occur in atrial fibrillation are eliminated. 

Radionuclide angiography as well as echocardiog- 
raphy also demonstrates an enlarged left atrium. The 
left atrium can best be viewed in a 30° right anterior 
oblique first pass study and in the left posterior oblique 
view. It may be totally obscured by overlying chambers 
in the anterior and 45° to 50° left anterior oblique views 
of gated equilibrium studies, although it is probably 
enlarged if it can be seen throughout the cardiac cycle 
in the left anterior oblique view. 

Right ventricular and right atrial enlargement is 
frequently present. A wide pulmonary arterial segment 
is evident in patients with increased pulmonary arterial 
pressure. A representative gated equilibrium scan in a 
patient with mitral stenosis is shown in Figure 3. In 
patients undergoing thallium-201 studies, increased 
thallium uptake in the right ventricle suggests right 
ventricular hypertrophy.!*^!^» However, increased 
thallium-201 uptake can also occur with acute pressure 
overload as a result of increased blood flow to the right 
ventricle.!46 

There is severe pulmonary hypertension in 15 to 20 
percent of the patients with mitral stenosis as a result 
of associated pulmonary arterial vasoconstriction pro- 
ducing a severe pressure overload on the right side of the 
heart.!15.139.147 When the right ventricle compensates 
with hypertrophy, its ejection fraction may remain 
normal.57 However, if right ventricular systolic pressure 

ises more rapidly than adequate right ventricular hy- 
pertrophy can develop, right ventricular ejection frac- 
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tion is reduced.!48-15! In addition to the pressure over- 
load, a factor contributing to the reduction in right 
ventricular ejection fraction is myocardial fibrosis, 
similar to that found in the left ventricle and a conse- 
quence of the rheumatic process.?:?72,140 

Tricuspid valve disease may be associated with 
rheumatic mitral stenosis.!?? This can take the form 
of tricuspid stenosis, which would be manifested by 
right atrial enlargement and a right ventricle of normal 
size and function. Tricuspid regurgitation with con- 
comitant right ventricular volume overload is suggested 
by right ventricular dilatation and paradoxical septal 
motion.!° If the tricuspid regurgitation is primary, the 
right ventricular ejection fraction is likely to be in the 
normal range, whereas if it is secondary to right ven- 
tricular dysfunction, the right ventricular ejection 
fraction tends to be dramatically reduced.!?? 

Postoperative studies: After correction of mitral 
stenosis, left ventricular function is generally un- 
changed. !27:129,130,154-155 As in other patients undergoing 
cardiopulmonary bypass, paradoxical septal motion is 
usually evident.!??52? Although correction of inflow 
obstruction reduces left atrial pressure and relieves 
congestive symptoms, an abnormal left atrial pressure 
may persist after valve surgery, even though it may be 
less than it was preoperatively. 

The following five factors contribute to elevated left 
atrial pressures postoperatively: (1) preoperative left 
ventricular dysfunction persisting postoperatively}; 
(2) functional prosthetic mitral valve gradients!*; (3) 
postoperative pericardial constriction!^9; (4) residual 
right ventricular enlargement and dysfunction affecting 
left ventricular filling!57-159; and (5) prosthetic valve 
stenosis or incompetence. With the first factor, left 
ventricular ejection fraction is reduced, whereas with 
the last factor a surgically reversible cause for left atrial 
pressure elevation may be present. As a result, left atrial 
enlargement and atrial fibrillation usually persist after 
correction of mitral stenosis.!90 

The presence of severe pulmonary hypertension and 
right ventricular failure has been correlated with a 
worse prognosis after mitral valve replacement.1954.155 
In patients with these findings, the increased pulmonary 
vascular resistance is largely dynamic; that is, it is po- 
tentially reversible with correction of the left atrial 
pressure toward normal.16162 As a result of removal of 
the right ventricular pressure overload, right ventricular 
ejection fraction gradually improves over the year after 
surgery.14514? However, several factors may interfere 
with the normalization of right ventricular function 
after surgery: (1) failure of left atrial pressure to return 
to normal (as discussed previously); (2) persistently 
elevated pulmonary vascular resistance; (3) irreversible 
changes in right ventricular function; and (4) uncor- 
rected tricuspid valve disease. 

In summary, patients with mitral stenosis often re- 
main in clinically stable condition for many years and 
the decision to operate is usually based on the presence 
of class III or IV symptoms.!®!!4 Radionuclide angiog- 
raphy is not essential for deciding the timing of surgery 
in most cases, but is useful in identifying patients with 
associated right or left ventricular dysfunction, whose 
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clinical course after valve replacement may be less 
satisfactory. 

Left atrial myxoma. Radionuclide angiography has 
been shown to detect the presence of and provide an 
approximation of the size of left atrial myxoma.!6*.164 
When present, a radiolucent filling defect can be seen 
in the region of the left atrium. Such tumors are also 
readily detected by echocardiography. Because left 
atrial myxoma may produce functional mitral stenosis 
or regurgitation, or both, the left atrium, pulmonary 
artery and right ventricle may also appear dilated on 
radionuclide angiography, as has been reviewed in the 
discussion of mitral stenosis.!®° 


Conclusions 


The role of radionuclide tests in clinical practice is 
still evolving. The presence and severity of valve disease 
can frequently be determined clinically without non- 
invasive studies. Similarly, radionuclide approaches 
may not be necessary in patients in whom valve surgery 
is clearly indicated. Most frequently, cardiac catheter- 
ization provides adequate information. Furthermore, 
the superiority of radionuclide techniques compared 
with other less expensive noninvasive approaches re- 
mains to be demonstrated. 

Nevertheless, radionuclide studies may be very 
helpful in certain situations. In young patients in whom 
associated coronary artery disease is unlikely, nonin- 
vasive studies combined with other clinical data may 
replace preoperative cardiac catheterization in valve 


disease and left atrial myxoma. In patients with heart 
failure, precatheterization radionuclide angiography cán 
delineate chamber size and function, which may expe- 
dite catheterization and may substitute for invasive 
contrast angiographic assessment of ventricular func- 
tion. Furthermore, the demonstration of a reduced 
ejection fraction is of prognostic significance. Radio- 
nuclide studies are particularly helpful in determining 
the relative contribution of mechanical factors and 
myocardial dysfunction to cardiac insufficiency. 

Accordingly, our current approach to the patient 
with valve disease is first to evaluate carefully routine 
clinical data. If additional noninvasive information 
might be useful, echocardiography would be performed 
next because of its lower cost, lack of radiation exposure 
and superior resolution compared with nuclear tech- 
niques. Radionuclide angiography is then performed if 
the echocardiogram does not provide adequate infor- 
mation about global and regional ventricular function; 
if a study during exercise might be useful, thallium-201 
imaging is used to identify myocardial scars in patients 
with abnormal ventricular function. Only continued 
clinical investigation will allow determination of the 
precise role of these studies in the clinical evaluation of 
patients with valvular heart disease. 
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The mitral valve prolapse syndrome may present with a variety of clinical 
manifestations and has proved to be a common cause of nonspecific 
cardiac symptoms in clinical practice. Primary and secondary forms must 
be distinguished. Myxomatous degeneration appears to be the common 
denominator of the primary form. The diagnostic standard of this form has 
not previously been defined because the detection of mitral leaflet tissue 
in the left atrium (prolapse) on physical examination or angiography is 
nonspecific. M mode echocardiography has greatly enhanced the rec- 
ognition of this syndrome but has not proved to be the best diagnostic 
standard because of its limited view of mitral valve motion. The advent 
of two dimensional echocardiography has provided the potential means 
for specific identification of the mitral leaflet motion in systole and can 
be considered the diagnostic standard for this syndrome. Primary myx- 
omatous degeneration with leaflet prolapse is not localized to the mitral 
valve. Two dimensional echocardiography has detected in preliminary 
studies tricuspid valve prolapse in up to 50 percent and aortic valve pro- 
lapse in about 20 percent of patients with idiopathic mitral valve pro- 
lapse. 


In the 1930’s controversy raged as to whether the mid systolic nonejection 
click originated from an extracardiac source or from the mitral valve.!~° 
It was not until the beginning of 1960 that Reid* proposed that the sys- 
tolic click was due to a “chordal snap” and that the mid to late apical 
systolic murmur represented mitral regurgitation.? Barlow and his co- 
workers®’ were the first to associate the mid systolicglick, late systolic 
murmur and accompanying abnormal electrocardiographic features with 
specific angiographic findings and suggested the syndrome of mitral 
valve prolapse. Clinical features of this new syndrome were well de- 
scribed in the mid 1960s by Hancock and Cohn.? 


The Clinical Problem 


'The extensive clinical experience of Jeresaty? and Barlow and Poc- 
ock!? support a classification of mitral valve prolapse into primary and 
secondary forms. Secondary mitral valve prolapse results from an ab- 
normality of the six elements that form the basis of normal mitral valve 
integrity.!! This may be caused by myocarditis, rheumatic endocarditis 
or primary cardiomyopathy. Primary or idiopathic mitral valve prolapse 
includes a spectrum that ranges from mild prolapse of one or more mitral 
leaflets without associated symptoms to severe prolapse of one or more 
cardiac valves, usually with severe valve regurgitation. The latter con- 
dition has been termed “floppy valve syndrome." !?:1? Patients whose 
condition is in between these two ends of the spectrum frequently have 
cardiovascular symptoms and may be considered as having symptomatic, 
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idiopathic or primary mitral valve prolapse or (as rec- 
ommended by Barlow and Pock!®) the billowing mitral 
leaflet syndrome. 

The anatomic features of primary mitral valve 
prolapse include large redundant, scalloped and 
thickened valve cusps associated with histologically 
defined myxomatous degeneration of the valve tissue 
and associated anular dilatation.? The myxomatous 
degeneration, which produces a loss of the collagenous 
support, allows for leaflet stretching and subsequent 
prolapse during systole of the atrioventricular valves 
and during diastole of the semilunar valves. Whether 
myxomatous degeneration is due to unidentified local 
factors or to a primary defect in mucopolysaccharide 
metabolism is unknown. The presence of myxomatous 
degeneration is the common denominator of the spec- 
trum of primary mitral valve prolapse that differen- 
tiates primary from secondary prolapse states.? Sec- 
ondary mitral valve prolapse is chiefly an angiographic 
finding.? 

The possibility that primary mitral valve prolapse 
may be due to a primary myocardial abnormality has 
been suggested because of the presence in some patients 
of left ventricular asynergy,!* abnormal left ventricular 
hemodynamics!? and myocardial lactate abnormali- 
ties.!© Underdevelopment of the left circumflex coro- 
nary artery!’ and a “corkscrew” coronary appearance!? 
have not been confirmed.!? Left ventricular asynergy 
may be due to an artifact of angiography, ventricular 
arrhythmia or traction on the papillary muscle because 
72 percent of patients with the primary mitral valve 
prolapse syndrome have normal left ventricular con- 
tractility."?? Abnormal myocardial metabolism may be 
due to papillary muscle ischemia. 


The Clinical Syndrome 


Prevalence 


Primary mitral valve prolapse has been observed 
virtually at any age? although it appears to be most 
common in the 3rd to 5th decades of life. Approximately 
two thirds of the patients are female in the younger age 
group, whereas the sex prevalence becomes equal in the 
middle to older aee group.?! On the basis of echocar- 
diographic criteria?? approximately 50 percent of first 
degree relations have mitral valve prolapse, suggesting 
that the genetic pattern may be one of autosomal 
dominant inheritance. The usual lack of familial oc- 
currence may be the result of underestimation due to 
silent or asymptomatic forms. The prevalence of pri- 
mary mitral valve prolapse depends on the standard 
used for its diagnosis. On the basis of auscultation 
(systolic click or mid to late systolic murmur, or both) 
the prevalence rate ranges from 0.423 to 17 percent.924 
Approximately 5 percent of autopsies performed rou- 
tinely on patients over 40 years of age have shown re- 
dundant mitral leaflets.?5:26 The use of M mode echo- 
cardiographic criteria has defined a prevalence range 
of mitral valve prolapse of 4.4?? to 21 percent.24 The 
reported studies differed in the nature of the recruit- 
ment of their study populations. Probably the best de- 

fined prevalence rate in young women was reported by 
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Procacci et al.,?? who found mitral valve prolapse in 6.3 
percent of 1,169 wives of Air Force personnel. Jeresaty? 
points out that in view of the known female prepon- 
derance in these studies a 4 percent prevalence rate in 
the general population can be extrapolated. 


Clinical Features 


Symptoms: The prevalence of symptomatic versus 
asymptomatic primary mitral valve prolapse has not 
been defined because a diagnostic standard has not been 
established. One of the most troubling symptoms in 
mitral valve prolapse is chest pain, which occurs in ap- 
proximately 50 percent of patients?? and is usually 
atypical for angina pectoris, although occasionally it 
may be quite classic.!? In Jeresaty's series,?? 61 percent 
of patients had chest pain; the pain was unrelated to 
exercise in 83 percent, exertional in 8 percent and evi- 
dent on both rest and exertion in 9 percent. Chest pain 
may be due to papillary muscle ischemia resulting from 
marked traction on the papillary muscles by the pro- 
lapsing leaflets and their chordae tendineae, in light of 
the tenuous blood supply to the papillary muscle itself.? 
The possibility of coronary spasm has been suggested 
by Cobbs.?! 

Fatigue and dyspnea have been reported in 9?? to 60 
percent?? of patients. The etiology is unknown but the 
possibility of psychoneurotic hyperventilation?? has 
been considered. Palpitations, dizziness or presyncope 
occurs in one third to one half of patients." Such 
symptoms are often due to arrhythmia?? but frequently 
are reported during documented normal sinus rhythm.?? 
Frank syncope has been associated with ventricular fi- 
brillation,???^ and this symptom usually demands 
evaluation with Holter monitoring. The psychiatric 
symptoms of anxiety and lassitude have been noted in 
1580 to 38 percent?? of patients. It appears, as suggested 
by Wooley,?? that many patients previously described 
as having DaCosta's syndrome, neurocirculatory as- 
thenia or soldier's heart syndrome may, in fact, have 
idiopathic mitral valve prolapse. Transient ischemic 
attacks have been reported?9 and may be due to cardiac 
emboli in light of Pomerance's finding? of fibrin and 
blood cells adherent to the myxomatous valve. 

Physical examination: In patients with primary 
mitral valve prolapse the cardiac examination may be 
entirely normal, which was the case in 17 percent of 
Jeresaty's series.? The systolic nonejection click may 
occur early (1 percent), be isolated to mid to late systole 
(53 percent) or be associated with a mid to late systolic 
murmur (17 percent). Of Jeresaty's 315 patients,? 2 
percent had a late systolic murmur as an isolated event 
and 1 percent had a precordial whoop or honk. A pan- 
systolic murmur was present in 9 percent, although in 
older patients this finding was present in up to 25 per- 
cent of cases.?? The systolic click in mitral valve prolapse 
has been shown to coincide with the maximal prolapse 
of the mitral valve?? and is probably due to sudden 
tightening of the chordae tendineae, which has been 
termed a chordal snap.* Tensing of the inverted leaflet 
producing a snapping sail phenomenon?? and sudden 
deceleration of blood mass and vibrations of the cardiac 
structure^! are potential additional causes. The mid to 
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late systolic murmur is usually due to mitral regurgi- 
tation.? Provocative maneuvers that alter the critical 
left ventricular volume at which prolapse occurs will 
displace the location of the systolic click and duration 
of the systolic murmur. 

Additional physical findings include abnormalities 
of the bony skeleton with kyphosis, pectus excavatum 
or scoliosis. The body habitus is usually asthenic and a 
particular dermatoglyphic pattern may occur in which 
there is an increased prevalence and distribution of 
“arches.” 42 : 

Electrocardiographic findings: Abnormalities seen 
in the routine 12 lead scalar electrocardiogram include 
nonspecific repolarization abnormalities in approxi- 
mately 33 percent of patients,!5?9.^? although in large 
surveys these have been seen in approximately 15 per- 
cent.?428 The prevalence rate of a prolonged Q-T in- 
terval has ranged from 7.5 to 47 percent.? Abnormalities 
of rhythm detected with Holter ambulatory monitoring 
include up to a 75 percent prevalence rate of ventricular 
arrhythmias and a 50 percent prevalence rate of atrial 
arrhythmias.3?4445 The sick sinus syndrome and con- 
duction abnormalities have been noted? as well as atrial 
fibrillation, supraventricular tachyarrhythmias and the 
Wolff-Parkinson-White syndrome.!9214647 Arrhyth- 
mias may be due to tensing of the mitral leaflet tissue 
itself with resultant stimulation of electrically active 
fibers within the leaflets.4® Chordae tendineae-induced 
mechanical stimulation of the endocardium?? and as- 
sociated endocardial lesions?? are additional possibili- 
ties. 


Cardiac Nuclear Imaging Considerations 


Exercise-induced S-T segment abnormalities have 
been seen in 10 to 60 percent of patients with mitral 
valve prolapse and a history of chest pain.?^' Radionu- 
clide studies developed for detection of myocardial 
ischemia have also been used to evaluate patients with 
mitral valve prolapse. These studies have attempted to 
assess whether a sufficient mass of myocardium be- 
comes ischemic during exercise stress to cause detect- 
able abnormalities in patients with mitral valve pro- 
lapse. Such observations would be important in un- 
derstanding the physiologic mechanism of exercise- 
induced chest pain and electrocardiographic abnor- 
malities in these patients. In addition, the influence of 
the presence of mitral valve prolapse on the accuracy 
of these studies in the diagnosis of coronary artery dis- 
ease is important because of the frequent coexistence 
of these two disorders. 

Thallium-201 imaging: Myocardial imaging with 
thallium-201 during rest and exercise has been reported 
in three studies®!~° involving 69 patients. Concomitant 
coronary artery disease was documented in 17 of these 
69 patients and 16 of the 17 patients had an exercise- 
induced perfusion defect on thallium-201 imaging. In 
contrast, all 52 patients with normal coronary arteries 
and mitral valve prolapse had a normal distribution of 
myocardial blood flow. 

Nuclear angiography: Newman et al.54 assessed left 
ventricular function during rest and exercise in patients 


with mitral valve prolapse. Six of 11 such patients with 
angiographically demonstrated coronary arterial ste- 
nosis exhibited wall motion abnormalities and de- 
creased left ventricular ejection fraction during exercise. 
This abnormal response to exercise was similar to that 
observed in patients with coronary artery disease alone. 
In contrast, 11 patients with mitral valve prolapse 
demonstrated on echocardiography and 12 with mitral 
valve prolapse and normal coronary anatomy demon- 
strated angiographically exhibited increased left ven- 
tricular ejection fraction and normal wall motion during 
exercise. These radionuclide studies suggest that in 
patients with mitral valve prolapse and normal coronary 
arteries sufficient ischemic myocardium does not de- 
velop during exercise to be demonstrated by thallium- 
201 imaging or by measurements of left ventricular 
function. Moreover, the presence of concomitant mitral 
valve prolapse in patients with coronary disease does 
not appear to diminish the diagnostic accuracy of these 
methods of detecting myocardial ischemia. 


Treatment 


The treatment of mitral valve prolapse is directed 
toward relief of chest pain and arrhythmias, particularly 
when the latter are associated with cardiovascular 
symptoms. Propranolol is the drug most commonly used 
initially because it decreases left ventricular contraction 
thereby causing increased left ventricular volume and 
a subsequent decrease in the severity of prolapse.?? 
Patients frequently do not tolerate large doses of pro- 
pranolol and the usual range of effective dosage is 40 to 
80 mg/day.? The use of nitrates (for chest pain) or spe- 
cific antiarrhythmic agents may need to be considered.? 
Mitral valve replacement for severe mitral regurgitation 
with associated left ventricular dysfunction may be 
necessary and is associated with an increased prevalence 
of valvular dehiscence because of myxomatous degen- 
eration in the mitral valve anulus.? 

The general prognosis for patients with mitral valve 
prolapse appears to be benign, although patients with 
a late systolic murmur are more likely to have compli- 
cations.59 The latter include sudden death, infective 
endocarditis, progressive mitral regurgitation, acute 
chordal rupture with resultant acate severe mitral 
regurgitation, and transient ischemic attacks. 


Diagnosis of Mitral Valve Prolapse 


Angiocardiography as the standard? To date, 
there has been no uniform agreement on what consti- 
tutes a diagnostic standard for the identification of 
primary mitral valve prolapse. Because the condition 
is relatively benign, surgical or necropsy data are rarely 
available in patients presenting with cardiac symptoms 
in whom mitral valve prolapse is suspected. Before the 
advent of echocardiography, the diagnosis had to be 
established by physical examination or by electrocar- 
diographic or angiocardiographic features. Some have 
recommended that left ventricular cineangiography be 
considered the diagnostic standard with which other 
diagnostic methods are compared.?/ However, the 
normal mitral valve has variable motion patterns on left. 
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ventricular angiography and the usual right anterior 
oblique left ventriculogram is unable to define anterior 
mitral leaflet prolapse in most cases.? Smith et al.58 
demonstrated the presence of angiographic mitral valve 
prolapse in 40 percent of patients with ischemic heart 
disease, 32 percent of patients with rheumatic heart 
disease, 10 percent of patients with cardiomyopathy, 42 
percent of patients with congenital heart disease and 
60 percent of patients with chest pain and normal cor- 
onary arteries. Interobserver variability in the detection 
of mitral valve prolapse by preset angiographic criteria 
is extremely high.°? Most investigators believe that 
angiography is not a perfect tool® and that the diag- 
nostic definition by angiography of mitral valve prolapse 
is ill defined and nonquantifiable.®! Thus, angiography 
does not appear to be an acceptable diagnostic standard 
for the identification of primary mitral valve pro- 
lapse. 

Systolic click as the standard? Jeresaty® has argued 
that the systolic nonejection click should be used as the 
reference for the diagnosis of mitral valve prolapse. 
However, he noted that the presence of mitral valve 
prolapse as defined by angiographic and other criteria 
may be silent on auscultation in up to 17 percent of 
cases.’ In addition, the abnormal physical findings are 
not pathognomonic because the nonejection systolic 
click may occur in pneumothorax,® atrial myxoma,6? 
aneurysm of the interventricular septum$465 and idio- 
pathic hypertrophic subaortic stenosis®*; and the mid 
to late systolic murmur due to mitral regurgitation has 
many causes. 

Is echocardiography the diagnostic standard? 
Because primary mitral valve prolapse is caused by 
myxomatous degeneration and loss of collagenous 
support of mitral valve leaflets that allow them to pro- 
lapse into the left atrium, the actual identification of 
mitral tissue that is in the left atrium during systole 
should be considered the hallmark of this disorder. 
Obviously, findings on the physical examination are 
nonspecific and the inherent variability and difficulty 
of angiography of the left ventricle limits this technique 
as a means of identifying the “prolapsed tissue." The 
ability of diagnostic echocardiography to image the 
mitral valve and te define location of mitral leaflet tissue 
during diastole and systole (in terms of whether pro- 
lapse into the left atrium has occurred) suggests that 
this method has the potential for providing a diagnostic 
standard. 

New techniques are often compared with currently 
available techniques to determine their accuracy in 
diagnosis. However, when new techniques are better 
able to identify a particular diagnostic problem, their 
comparison with established techniques with inherent 
faults and limitations may not necessarily be of diag- 
nostic value. 


Echocardiography in Mitral Valve Prolapse 
M Mode Echocardiography 


Posterior systolic buckling and hammocking 
displacement of mitral leaflet: Shah and Gramiak®’ 
yere the first to describe in detail posterior mid systolic 


buckling of the mitral valve and a posterior hammock- 
ing displacement of the mitral leaflet during systole as 
the M mode echocardiographic hallmarks of the pro- 
lapsed mitral valve (Fig. 1). Dillon et al.68 and Kerber 
et al.8? similarly described the M mode echocardio- 
graphic feature of posterior buckling in mid systole, 
which they also considered specific for mitral valve 
prolapse. However, the technical aspects of M mode 
echocardiography are extremely important to consider 
in regard to the potential false positive and false nega- 
tive induction of these echocardiographic findings. 
Markiewicz et al.24 demonstrated that a transducer 
placed high on the chest wall and angled caudad may 
produce a D point posterior to the C point with the 
mitral valve ring and leaflets moving perpendicular to 
the echocardiographic beam away from the transducer 
producing a false positive posterior dipping of the mitral 
valve. Conversely, if the transducer is low on the chest 
wall and pointed cephlad, the posterior mitral leaflet 
may not be visualized and the anterior mitral valve 
motion may mask mitral valve prolapse with the D point 
anterior to the C point, thus producing a false negative 
study. However, with proper M mode echocardiographic 
technique, the presence of midsystolic buckling even 
with no evidence of mitral valve prolapse on angiogra- 
phy or physical examination is accepted by most 
workers in the field as diagnostic of mitral valve pro- 
lapse.? Pansystolic hammocking (Fig. 2) has been con- 
sidered less specific,"? with some investigators?‘ using 
2 mm of posterior displacement as a diagnostic criter- 
ium of mitral valve prolapse, whereas others?’ have 
suggested up to 5 mm as acriterion. Such rigid criteria 
may increase the specificity, but a decrease in sensitivity 
will result. Jeresaty? has therefore recommended a 
criterion of a minimum of 3 mm of leaflet sagging to 
obtain the best concomitant specificity and sensi- 
tivity. 

The determination of sensitivity in the diagnosis of 
mitral valve prolapse with M mode echocardiography 
as compared with other standards has been attempted. 
When positive auscultatory findings are used as the 
diagnostic standard of mitral valve prolapse, M mode 
echocardiography will be positive for prolapse in only 
19 percent of patients.°? However, the sensitivity of the 
M mode study ranges from 54 to 82 percent?4?9,7! when 
left ventricular angiographic findings are used as the 
standard. A false negative M mode echocardiograhpic 
study may result from poor quality echocardiograms, 
a transducer too low on the chest wall or lack of full vi- 
sualization of the mitral valve leaflets due to the limited 
“ice pick” view; furthermore, the prolapsing mitral 
leaflets move not only posteriorly but also superiorly 
and if prolapse is primarily in the superior plane, M 
mode echocardiography cannot recognize its presence. 
False positive M mode echocardiographic evidence of 
mitral valve prolapse producing a pansystolic ham- 
mocking motion can occur in pericardial effusion??.7? 
(due to swinging of the heart) or mitral stenosis?4 or may 
be a result of location of the transducer high on the chest 
wall.?^^ Although prolapse of the posterior leaflet was 
originally9? considered most common on the basis of M 
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FIGURE 1. Mitral valve prolapse. M mode echocardiographic representation of the mitral valve demonstrating, during systole, mid systolic posterior 
buckling (arrow in diagram) of the posterior mitral valve leaflet as seen in mitral valve prolapse. 


mode echocardiographic criteria, it is now clear that 
both leaflets are prolapsed in the majority of cases.79-?7 
No correlation among the degree of mitral regurgitation, 
the location of prolapse on M mode echocardiography 
and the presence of a click or murmur, or both, on 
physical examination has been found.?? 

Other M mode echocardiographic features of 
mitral valve prolapse: These have included an in- 
creased amplitude of the mitral valve excursion of more 
than 22 mm (with an anterior mitral valve leaflet butt- 
ing against the interventricular septum in early dias- 
tole).5759:79 In addition, more than three systolic echoes, 
usually due to redundant or multiscalloped leaflets and 
occasional thickening of the mitral valve leaflet, have 
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been suggested.5?77 Multiple diastolic echoes similar 
to those seen in atrial myxoma were recently described 
and were thought to be due to the posterior leaflet's 
curling under the anterior leaflet in diastole.?? In ad- 
dition, mitral leaflet collapse posteriorly toward the left 
atrium’ and the observation of fragments of the mitral 
leaflets in the left atrium?? also suggested mitral valve 
prolapse. Shaggy echoes due to redundant leaflets with 
multile echo-reflective surfaces may exist on the mitral 
valve during diastole with or without the presence of 
vegatations due to infective endocarditis.598! Systolic 
anterior mitral valve motion may be seen in mitral valve 
prolapse caused either by chordae tendineae®? or by 
superimposition of echoes.®? 
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FIGURE 2. Mitral valve prolapse. M 
mode echocardiographic repre- 
sentation of the mitral valve dem- 
onstrating, during systole, holo- 
systolic posterior motion (ham- 
mocking) with multiple systolic 
echoes suggestive of mitral valve 
prolapse. VS = ventricular 
septum. 
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FIGURE 3. Normal mitral valve. A, longitudinal left ventricular long axis stop frame view in diastole. The aortic valve (AV) is in the closed position 
and the mitral valve anterior leaflet (al) and the posterior leaflet (pl) are in the open position. AO = aorta; LA = left atrium; PW = posterior wall; 
VS = ventricular septum. B, the mitral valve in systole. The anterior and posterior leaflets lie in the left ventricular cavity inferior to the mitral valve 


ring. The aortic valve is in the open position. 


Two Dimensional Echocardiographic Studies 


Although M mode echocardiography has theoretic advan- 
tages over angiography or physical examination as the diag- 
nostic means of identifying mitral valve prolapse, the limita- 
tions cited make this tool imperfect. Thus, until recently no 
single technique has provided the cardiologist with the best 
single diagnostic standard. The advent of two dimensional 
echocardiography may have changed this fact. 

Combined superior and posterior prolapse of the pos- 
terior leaflet: Sahn et al.5? using two dimensional echocar- 
diographic studies clarified many of the problems of M mode 
echocardiography by finding that the prolapsing motion of 
the mitral valve occurs in a superior as well as a posterior di- 
rection; the body of the posterior leaflet may be driven supe- 
riorly toward the lett atrium while portions of the mitral leaflet 
near the atrioventricular junction move posteriorly. M mode 
echocardiographic mid systolic discrete prolapse and holo- 
systolic hammocking were both clearly demonstrated in the 
same patient and could be produced by differences in beam 
angulation. Multiple echo lines as seen on M mode echocar- 
diography are due to the ultrasonic beam’s intersecting the 
arched or prolapsed mitral leaflet more than once as the beam 
subtends different portions of the leaflet at the same time. 
Systolic anterior motion on M mode echocardiography ap- 
peared to result from superimposition of echoes from the 
mitral anulus as well as from the posteriorly superior arched 
prolapsed leaflets. False negative M mode echocardiographic 
criteria for mitral valve prolapse could easily be differentiated 
by two dimensional echocardiographic demonstration of true 
superior prolapsed motion of the body of the mitral leaflets. 
Practically, two dimensional echocardiography can be con- 
sidered the diagnostic standard for mitral valve prolapse in 
light of its ability (1) to demonstrate the superior and posterior 

piching of mitral valve leaflets that are present in patients 


with mitral valve prolapse syndrome and (2) to differentiate 
this motion from other causes of horizontal positioning of the 
leaflet tissue that create false positive patterns on M mode 
echocardiography. 

Anterior versus posterior leaflet prolapse: Gilbert et 
al.54 utilized phased array real time two dimensional echo- 
cardiography to identify spatial orientation of cardiac struc- 
tures to provide clear details of the motion characteristics of 
the mitral valve in patients with angiographically proved 
mitral valve prolapse. Their study evaluated only the left 
ventricular longitudinal tomographic cross-sectional view. In 
normal control subjects without prolapse on cardiac cathe- 
terization, analysis of mitral valve motion during systole re- 
vealed that no superior movement (“prolapse”) of the leaflets 
occurred above the level of the atrioventricular ring (Fig. 3). 
Gilbert et al.54 also demonstrated that the most reliable in- 
dicator of mitral valve prolapse was the finding on two di- 
mensional echocardiography of superior motion of either one 
or both mitral valve leaflets above the level of the mitral ring 
in systole (Fig. 4 and 5). Displaced posterior coaptation was 
an additional observation. On angiography 23 patients had 
anterior and posterior leaflet prolapse. However, on two di- 
mensional echocardiography 29 patients had both anterior 
and posterior leaflet prolapse, whereas 4 had isolated posterior 
and 1 isolated anterior mitral leaflet prolapse. Thus, nine 
patients had two dimensional echocardiographic evidence for 
anterior leaflet prolapse that was missed on angiography. 
Seven of the 29 patients had entirely normal M mode echo- 
cardiograms, suggesting that two dimensional echocardiog- 
raphy is far more sensitive than M mode echocardiography 
in detecting mitral valve prolapse. The lack of sensitivity by 
angiography has been previously cited and, since the anterior 
leaflet is difficult to define on angiography because it is su- 
perimposed on the opacified silhouette of the left ventricle, 
it is not surprising that two dimensional echocardiograhy is 
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FIGURE 4. Mitral valve prolapse. A, schematic drawing of the left 
ventricular long axis view in a patient without prolapse. The mitral valve 
anterior leaflet (al) and posterior leaflet (pl) lie within the left ventricular 
cavity in systole. B, anterior mitral valve leaflet prolapse (arrow). The 
anterior leaflet is within the left atrium superior to the mitral valve ring 
in systole. C, isolated posterior mitral leaflet prolapse (arrow). The 
posterior leaflet is in the left atrium during systole. D, prolapse of both 
the anterior and posterior leaflets. During systole, both leaflets are 
situated in the left atrium superior to the mitral valve ring. A — anterior; 
| = inferior; LV = left ventricle; S = superior; P = posterior; other ab- 
breviations in Figure 3. 


able to identify more clearly the presence of mitral valve 
prolapse. 

Potential limitations of the method: Theoretically, the 
standard left ventricular longitudinal cross-sectional view has 
potential limitations in that the mitral ring is obliquely imaged 
and the lack of fixed adjacent landmarks renders the analysis 
of mitral motion in reference to the mitral ring difficult. Ex- 
cessive atrivoventricular groove motion that can be seen in 
mitral valve prolapse also adds to the difficulty in analyzing 
posterior leaflet motion with this view. Technical difficulties 
in properly angling the transducer on the mitral valve with 
medial and tangential cuts across the mitral valve orifice may 
cause false positive findings of abnormally posterior coapta- 





tion and superior arching of the mitral valve leaflets. The re- 
cent definition of the apical four chamber view*? has provided 
an additional approach to the analysis of mitral valve motion. 
The mitral ring in a properly obtained apical view is horizontal 
and perpendicular to the interventricular septum and, 
therefore, the motion of the leaflets and location of the 
coaptation point can be clearly analyzed in relation to the 
plane of the mitral valve ring. 'The hyperkinetic atrioven- 
tricular groove motion is usually absent from the apical view 
and thus does not interfere with analysis of the motion of the 
posterior leaflet. 

Analysis of 105 subjects with echocardiographic di- 
agnosis of mitral valve prolapse: We therefore investigated 
the role of two dimensional echocardiography using the apical 
four chamber view in the diagnosis of mitral valve prolapse 
in light of these advantages.96 A control group was analyzed 
consisting of 19 patients with normal findings on left ven- 
tricular cineangiography and 5 patients with idiopathic con- 
gestive cardiomyopathy. Neither the apical nor the left ven- 
tricular longitudinal view in these patients revealed that the 
mitral valve's anterior or posterior leaflets lie above the 
atrioventricular ring (toward the left atrium) during systole 
(Fig. 4 and Fig. 6, top). One hundred five subjects without 
evidence of structural heart disease were identified (by re- 
trospective review of 900 two dimensional echocardiographic 
studies) who had mitral valve leaflet motion patterns that 
showed prolapse into the left atrium in systole in either the 
left ventricular longitudinal or apical views. The mean (+ 
standard deviation) age of these 105 patients was 40 + 17 years 
and 67 percent were female. Ninety-five had prolapse of both 
anterior and posterior mitral valve leaflets; the apical view 
revealed prolapse of the anterior mitral leaflet in 93 of 99 
subjects while the left ventricular longitudinal view demon- 
strated prolapse of the anterior leaflet in only 45 of 99 (p 
«0.01). Of the 101 patients with prolapse of the posterior 
mitral valve leaflet 84 were detected with the apical and 73 by 
the left ventricular longitudinal view (p = NS). These data 
suggest that the apical tomographic two dimensional echo- 
cardiographic view appears to be superior to the left ventric- 
ular longitudinal view for the detection of anterior leaflet 
prolapse. 

Grading of severity of prolapse: When one utilizes an 
arbitrary grading system of mild, moderate and severe pro- 
lapse, additional information is derived. Mild mitral valve 
prolapse was defined when the coaptation point of both leaf- 


FIGURE 5. Left ventricular long axis 
view of the mitral valve. The ante- 
rior mitral valve leaflet (aml) is not 
prolapsed, whereas the posterior 
leaflet (isolated black arrow) is 
situated in the left atrium in systole. 
Abbreviations as in Figure 4. 3 
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FIGURE 6. Four chamber apical views. Top, 
from a subject without mitral valve prolapse. 
The level of the mitral valve ring is shown by 
the two black arrows. The mitral valve leaflets 
lie within the left ventricle in systole. Center, 
mild mitral valve prolapse. The level of the 
mitral valve ring is depicted by the two black 
arrows. The anterior mitral valve leaflet lies 
just within the left atrium in systole. Bottom, 
severe mitral valve prolapse. The level of the 
mitral valve ring is shown by the two black 
arrows. Both the anterior and posterior mitral 
valve leaflets are situated well within the left 
atrium in systole. L = left; R = right; RA = right 
atrium; RV = right ventricle; other abbrevia- 
lions as in Figure 4. 
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lets were at the level of the mitral valve ring with the leaflets 
bowed or prolapsed just toward the left atrium. Severe mitral 
valve prolapse was defined when both the coaptation point 
and the mitral leaflets were prolapsed toward the left atrium 
well below the level of the mitral valve ring. Moderate mitral 
valve prolapse was defined as a condition between mild and 
severe prolapse (Fig. 6). Severe mitral valve prolapse was 
easily identified equally with either view whereas in moderate 
mitral valve prolapse, the anterior mitral valve leaflet was 
more consistently identified with the apical view. In mild 
prolapse, the anterior and posterior leaflets were more con- 
sistently identified with the apical view (p <0.05). For ex- 
ample, 8 patients of the 105 patients did have a moderate 
degree of mitral valve prolapse of the anterior leaflet in the 
apical view that was not detected in the longitudinal left 
ventricular view. In the 21 patients with mild mitral valve 
prolapse, the superiority of the apical view for detection of 
anterior leaflet prolapse was quite striking; 18 of 18 patients 
were detected with this view whereas only 2 of the 18 were 
detected with the left ventricular longitudinal view (p «0.05). 
Ninety-nine of the 105 patients had M mode echocardiograms 
available for review, and 8 (8 percent) of the 99 had no evi- 
dence of mitral valve prolapse on M mode echocardiog- 
raphy. 


Prolapse of the Tricuspid and Aortic Valves 


Tricuspid Valve Prolapse 


Two dimensional echocardiography: The presence 
of tricuspid valve prolapse has been sought using either 
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FIGURE 7. M mode echocardiographic | 
tricuspid valve (TV). The black arrow de: 
the tricuspid valve leaflet during systok 
holosystolic hammocking compatible wit 
of tricuspid valve prolapse. 


pathologic or angiographic studies, and its prevalence 
rate in selected patients with mitral valve prolapse 
ranges from 21 to 52 percent.?7:57-90 In light of the bias 
in selection of patients for pathologic evaluation and the 
technical difficulties of right ventricular angiography, 
M mode echocardiography has been applied as a means 
of detecting tricuspid valve prolapse. In the largest se- 
ries, Werner et al.9! found 21 percent of their 53 patients 
to have concomitant mitral and tricuspid valve prolapse 
(Fig. 7). Because M mode echocardiographic imaging 
of the tricuspid valve is inconsistenf and usually visu- 
alizes only the anterior tricuspid leaflet, we employed?? 
the technique of two dimensional echocardiography in 
64 patients who had definite mitral valve prolapse on 
two dimensional echocardiography.®* Each of these 
patients had an adequately visualized tricuspid valve 
in either the right ventricular inflow longitudinal view 
or the apical view.®°.93 We have found that both of these 
views can be successfully obtained in 67 percent of pa- 
tients. 

Tricuspid valve motion characteristics in these pa- 
tients with mitral valve prolapse were compared with 
those in a control group consisting of patients with a 
variety of cardiac diagnoses who had normal mitral 
valve closure pattern on left ventricular angiography 
and two dimensional echocardiography. None of the 
control population demonstrated displacement of the 
anterior or septal leaflets of the tricuspid valve toward 
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FIGURE 8. Normal tricuspid valve. 
Right ventricular long axis view. The 
level of the tricuspid valve anulus is 
depicted by the two black arrows. The 
tricuspid valve leaflets lie within the 
right ventricle. Abbreviations as in 
Figures 4 and 6. 


the right atrium during systole (Fig. 8). Thirty-one (48 
percent) of 64 of patients with mitral valve prolapse 
demonstrated tricuspid leaflet prolapse in which the 
anterior or septal leaflets, or both, of the tricuspid valve 
in systole prolapsed superior to the tricuspid atrioven- 
tricular ring into the right atrium (Fig. 9). Twenty-nine 
of the 32 had tricuspid valve prolapse of both visualized 
leaflets (anterior and septal). The right ventricular in- 
flow tract view appeared to demonstrate tricuspid valve 
prolapse more easily than the apical four chamber view 
in our study. 

Among those patients with tricuspid valve prolapse 
a more severe form of mitral valve prolapse was prev- 
alent. Patients with both tricuspid and mitral valve 
prolapse also tended to be older and to have more fre- 
quent symptoms of chest pain, palpitations and dizzi- 
ness and more of them had systolic clicks. Thus, these 
two dimensional echocardiographic data suggest that 
the prevalence rate of tricuspid valve prolapse may be 
as high as 50 percent in patients with mitral valve pro- 
lapse, which is similar to the prevalence rate demon- 
strated by angiographic or pathologic studies.®? Isolated 
tricuspid valve prolapse has not been documented .9.?! 
The high prevalence rate of tricuspid valve prolapse in 
patients with mitral valve prolapse suggests that the 
myxomatous degéneration responsible for this syn- 


FIGURE 9. Tricuspid valve prolapse. Right 
ventricular long axis view. The tricuspid 
leaflets in systole lie within the right atrium 
and have a scalloped appearance com- 
patible with prolapse. The two black ar- 
rows point to the level of the tricuspid ring. 
MV = anterior mitral valve leaflets; other 
abbreviations as before. 
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drome appears not to be isolated to just one of the 
atrioventricular valves and theoretically could involve 
all the cardiac valve tissue. 

Tricuspid regurgitation detected with contrast 
two dimensional echocardiography: In a subsequent 
analysis we evaluated 45 patients with contrast two 
dimensional echocardiography to assess the prevalence 
of tricuspid regurgitation in patients with tricuspid 
valve prolapse. Four groups were formed: Group A, 10 
healthy control subjects with normal cardiac catheter- 
ization findings; Group B, 10 patients with classic 
clinical evidence of tricuspid regurgitation; Group C, 10 
patients with two dimensional echocardiographic evi- 
dence of mitral valve prolapset without tricuspid valve 
prolapse; and Group D, 15 patients with both mitral and 
tricuspid valve prolapse on two dimensional echocar- 
diography. Tricuspid regurgitation was sought for in 
each group by using the subxiphoid echocardiographic 
approach with peripheral venous injection of saline 
solution. 

Tricuspid regurgitation is difficult to define by 
physical examination,?4 and its angiographic definition 
is obscured by the necessity of placing a catheter across 
the tricuspid valve to perform right ventricular angi- 
ography. Recently, contrast two dimensional echocar- 
diography was demonstrated to be a highly sensitive and 
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FIGURE 10. Tricuspid regurgitation. Left, subxiphoid view of the liver (L), inferior vena cava (IVC), hepatic vein (HV) and right atrium (RA). Right, 
microcavitations are present in the inferior vena cava and hepatic veins (arrows) after a peripheral venous injection of saline solution in a patient 
with tricuspid valve prolapse. These microcavitations persisted for three cardiac cycles and suggest the presence of tricuspid regurgitation. 


specific technique for identifying tricuspid regurgita- 
tion.95 Strict criteria for tricuspid regurgitation were 
sought for in which the microcavitations need not be 
present only in the inferior vena cava from a peripheral 
upper limb injection of saline solution but also had to 
be in the hepatic veins for at least three consecutive 
cardiac cycles. With use of this strict definition, echo- 
cardiographically defined tricuspid regurgitation was 
observed in none of the patients in Group A or C, in all 
patients in Group B and in 6 (40 percent) of the 15 pa- 
tients in Group D (Fig. 10). 

Thus, it appears that patients with both tricuspid and 
mitral valve prolapse have a high prevalence rate (40 
percent) of tricuspid regurgitation as detected with the 
very sensitive technique of contrast two dimensional 
echocardiography. 'The high prevalence rate of tricuspid 
regurgitation in patients with tricuspid valve prolapse 
is similar to the high prevalence rate (50 to 65 percent) 
of systolic murmurs and angiographically proved mitral 
regurgitation in patients with the mitral valve prolapse 
syndrome.?? Of course, the finding of the high preva- 
lence rate of tricuspid regurgitation in patients with 
tricuspid valve prolapse as defined solely with two di- 
mensional echocardiography does suggest that this 
technique is identifying an abnormal tricuspid valve, 
which is part of a more extensive spectrum of cardiac 
skeletal myxomatous degeneration. 


Aortic Valve Prolapse 


M mode echocardiography: The identification by 
Sahn et al.83 of the association of aortic root dilatation 
with mitral valve prolapse in 85 percent of their patients 
suggested the possibility that myxomatous degeneration 
may involve not just the tricuspid and mitral valves, but 
also the aortic valve. Aortic valve prolapse has previ- 
ously been demonstrated in surgical and pathologic 
studies.123697 M mode echocardiography as a means of 


detecting aortic valve prolapse has been suggested by 
the presence of diastolic aortic leaflet fluttering.98 Rippe 
et al.9? noted that a marked aortic valve excursion pat- 
tern on M mode echocardiography may suggest aortic 
valve prolapse. Because the aortic valve anulus is 
smaller than the mitral anulus and the aortic cusp les: 
voluminous and less echo-reflective than the atrioven. 
tricular valve anulus or leaflet, noninvasive identifica: 
tion of aortic valve prolapse on M mode echocardiog: 
raphy should be difficult. 

Two dimensional echocardiography: This methoc 
provides real time evaluation of the aortic valve, anc 
wel? therefore applied this technique to a group of 11: 
patients with mitral valve prolapse defined with tw« 
dimensional echocardiographic criteria?^ to analyz 
aortic valve motion characteristics.°6 In 14 contro 
subjects with normal cardiac catheterization findings 
two dimensional echocardiography revealed that th: 
aortic valve leaflets were faint echo reflectors wit} 
symmetric cusps in which the cusps and coaptatioi 
points did not display any downWard or prolapsin; 
motion toward the left ventricular outflow tract ii 
diastole (Fig. 11). Of the 112 patients with mitral valv 
prolapse studied, the aortic valve was successfully im 
aged for detailed analysis in 77. In 60 of these 77 (7! 
percent) with a mean age of 38 + 18 years two dimen 
sional echocardiography revealed aortic valve mor 
phologic and motion characteristics to be identical tı 
that found in control subjects. In the remaining 17 pa 
tients with a mean age of 32 + 21 years (65 percent fe 
male) there was a downward displacement of prolapsin; 
motion of the aortic valve cusp during diastole towar 
the left ventricular outflow tract (Fig. 12). There was ai 
increased echo reflection from the cusp tissue in 16 o 
these 17 and in 6 the cusp size was asymmetric pro 
ducing eccentricity of the coaptation point. In all six o 
these patients three aortic cusps were seen in the shor 
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FIGURE 11. Normal aortic valve. Left ventricular long axis view depicting the aortic valve in diastole. The tip of the black arrow demonstrates the 
coaptation point of the right and noncoronary cusps, which lie within the aorta in diastole; the coaptation point appears to be in the mid aortic root 


position. Abbreviations as in Figure 4. 


axis view. The aortic root size was normal in all control 
subjects and in all 60 of the patients with mitral valve 
prolapse without aortic valve prolapse. However, the 
aortic root was enlarged on M mode echocardiography 
in 6 of the 17 patients with both aortic valve and mitral 
valve prolapse. Aortic insufficiency was present in 4 of 
these 17 patients but in none of the 60 patients with 
mitral valve prolapse alone (p <0.01). 

Thus, real time two dimensional visualization of the 
aortic valve in which superior and inferior directions of 
aortic valve tissue can be visualized provides noninva- 
sive presurgical identification of aortic valve prolapse. 
M mode echocardiographic features of increased aortic 
valve reflections, eccentricity of the diastolic closure 
line, aortic root enlargement and the presence of flut- 
tering of the anterior mitral leaflet are all suggestive of 
the possibility of coexisting aortic valve prolapse in 
patients with mitral valve prolapse. 





Conclusion: Two dimensional echocardiography may 
provide the means for a specific and sensitive evaluation 
of mitral, tricuspid and aortic valve motion character- 
istics and should be considered the diagnostic standard 
by which the syndrome characterized by prolapse of a 
cardiac valve is defined. Clearly, the use of physical 
examination, angiography or M mode echocardiography 
has important limitations in reference to echocardiog- 
raphy. Without the means to identify myxomatous 
degeneration in cardiac tissue prior to necropsy, it ap- 
pears that two dimensional echocardiography may be 
the best “gold standard” for detection of prolapsed 
mitral, tricuspid or aortic valve leaflets. Natural history, 
prevalence, genetic transmission, treatment course and, 
more importantly, persons who are more prone to 
complications can now rationally be identified among 
patients with this common and perplexing cardiac 
syndrome. 


SL 


FIGURE 12. Aortic valve prolapse. Left ventricular long axis view. The black arrow points to an asymmetric increased echo-reflective right coronary 
cusp that in diastole is situated in the left ventricular outflow tract at the mitral valve level. Abbreviations as in Figure 4. 
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M mode and cross-sectional echocardiographic studies at rest have been 
used to detect regional left ventricular wall motion abnormalities as a sign 
of hemodynamically significant coronary artery disease. These techniques 
have proved to be fairly specific but not highly sensitive. Detection of new 
regional wall motion abnormalities with cross-sectional echocardiography 
during exercise appeared practical in 80 percent of patients in preliminary 
studies; the finding of such abnormalities is highly specific for the presence 
of coronary artery disease and, with this approach, the sensitivity of 
echocardiography is improved. Thus, patients with anatomically severe 
coronary artery disease on angiography may not manifest an echocar- 
diographic abnormality in regional wall motion even during exercise. The 
direct noninvasive detection of the left main coronary artery in up to 90 
percent of patients studied with cross-sectional echocardiography using 
the short axis or apical approach, or both, has been well defined. A high 
sensitivity and specificity of detecting anatomically severe left main 
coronary artery disease using the criteria of both luminal impingement 
and the presence of high intensity echoes have been confirmed. Further 
advances in imaging techniques may allow for better definition of the 
coronary arterial tree. 


Cross-sectional echocardiography is the first technique providing non- 
invasive visualization of the coronary arteries in man.!-!! In fact, the 
technique has been reported? to permit accurate prospective identifi- 
cation of obstructive disease of the left main coronafy artery. Not only 
can echocardiography directly visualize the diseased coronary artery, 
but also it can indirectly detect the effects on the left ventricle of acute 
and chronic ischemia caused by coronary artery disease. Forty-five years 
ago Tennant and Wiggers!? demonstrated by direct observation of the 
heart, regional myocardial wall motion abnormalities during ischemia 
induced by acute coronary arterial ligation in the open chest dog. Re- 
cently, the echocardiographic identification of segmental regional left 
ventricular wall motion abnormalities has been extensively studied as 
a means of predicting the presence of hemodynamically significant 
coronary artery disease associated with ischemia or myocardial infarc- 
tion, or both.!?-?8 In addition to affecting regional wall motion, coronary 
artery disease may change the shape of the ventricle as well as its global 
performance, and these alterations may be used as indirect markers of 
the presence of coronary artery disease. This report will not consider such 
alterations but will examine in detail attempts to detect the effects of 
ischemia on regional myocardial wall motion at rest or during exercise, 
or both, and to visualize directly the left main coronary artery. m 
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Regional Wall Motion Abnormalities in the 
: Detection of Coronary Artery Disease 


M Mode Echocardiographic Studies at Rest 


Abnormal septal and posterior wall motion: In the 
early 1970s Inoue,!? Stefan!4 and Kerber!923 and their 
co-workers demonstrated in open chest dogs that acute 
ligation of the left anterior descending or left circumflex 
coronary artery could induce an immediate decrease in 
motion of the associated regional myocardial wall as well 
as a decrease in its velocity, excursion and thickening 
during systole. During the same period, data on human 
subjects were reported. Dortimer et al.24 studied 56 
patients with a history of angina pectoris without prior 
myocardial infarction and found that 28 (80 percent) 
of 35 patients with disease of the left anterior de- 
scending coronary artery had diminished interven- 
tricular septal motion, whereas 14 (52 percent) of 27 
with disease of the posterior coronary vessels had di- 
minished posterior wall motion. Similar findings (Fig. 
1) were reported by other workers. Gordon et al.?5 
studied 26 patients with left anterior descending coro- 
nary artery disease and found that 12 (46 percent) had 
abnormal septal motion at rest (systolic excursion less 
than 2 mm). Joffe et al.2° demonstrated that among 77 
patients only 2 of 38 without left anterior descending 
coronary artery disease had abnormal septal motion at 
rest compared with 17 of 39 patients with such disease. 
Thus, the presence of an M mode echocardiographic 
segmental ventricular septal motion abnormality at rest 
was quite specific for the presence of left anterior de- 
scending coronary artery disease. However, this obser- 
vation was not highly sensitive because only about half 
of the patients with such disease had abnormal regional 
wall motion at rest. 

Correlation with angiographic findings: Observed 
changes in segmental wall motion at rest on M mode 
echocardiography have been correlated with anatomic 
location of coronary artery disease. Jacobs et al.!5 
studied 48 patients undergoing selective coronary an- 
giography and left ventricular cineangiography for the 
evaluation of chest pain. Ventricular septal wall motion 
and posterior lefteventricular wall motion were normal 
in patients found to be free of coronary artery disease 
but either or both were abnormal in all but one of those 
subjects manifesting left ventricular asynergy on angi- 
ography. However, the correlation was not invariably 
direct. In their report, 17 patients with significant cor- 
onary artery disease manifested no abnormality in wall 
motion on left ventricular cineangiography although 8 
manifested such abnormalities on echocardiography. 
In addition, all patients with abnormal ventricular 
septal motion had significant obstruction of the left 
anterior descending coronary artery, but 8 patients with 
significant disease of this artery had normal septal 
motion on M mode echocardiography. 

Correlation with myocardial perfusion studies: 
The mechanism of abnormal regional wall motion has 
been studied by investigators using myocardial perfu- 
gon techniques. Kolibash et al.?? demonstrated that 12 
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motion. Top, normal ventricular septal (VS) and posterior wall (PW) 
motion. The left ventricular cavity (LV) is depicted as well as a 1 cm 
marker. Center, normal posterior wall motion in a patient with a non- 
dilated left ventricular (LV) cavity with thinning and marked hypokinesia 
of the ventricular septum (VS). This patient had an anteroseptal myo- 
cardial infarction due to left anterior descending coronary artery disease. 
Bottom, patient with a borderline left ventricular (LV) cavity size and 
normal ventricular septal (VS) motion but markedly hypokinetic posterior 
wall (PW) motion due to inferoposterior myocardial infarction caused 
by right coronary arterial obstruction. 
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of 25 patients with critical (greater than 70 percent) 
obstruction of the left anterior descending coronary 
artery had abnormal echocardiographic septal motion, 
whereas 13 had normal motion. When studied with in- 
tracoronary injections of radioactive macroaggregated 
albumin particles, 10 of the 12 patients with abnormal 
septal motion had absent septal perfusion at rest, 
whereas only 2 of the 13 patients with normal septal 
motion had abnormal septal perfusion. These investi- 
gators concluded that in patients with severe stenosis 
of the left anterior descending coronary artery the 
presence of abnormal septal motion on echocardiogra- 
phy strongly suggests marked abnormal septal perfusion 
as the cause of the wall motion abnormality. 

Kerber et al.!? demonstrated that decreased myo- 
cardial perfusion (determined with radioactive-labeled 
microspheres) caused by increasing coronary arterial 
constriction correlated with segmental wall motion 
abnormality in the dog. However, normal myocardial 
perfusion in nonischemic areas was at times associated 
with regional wall motion abnormalities that may have 
been caused either by transient undetected ischemia or 
by passive alterations in the motion of normal regional 
wall motion areas due to severe dyskinesia of adjacent 
ischemic myocardium. 

Other factors producing abnormal wall motion: 
Dortimer et al.24 pointed out that ventriculography only 
demonstrates a shadow of the circumferential rim of 
endocardium and that considerable amounts of endo- 
cardium are not projected by this technique. It is 
therefore theoretically possible that the echocardio- 
graphic beam may detect small areas of hypokinesia on 
the left ventricular endocardial surface that are not seen 
in the angiographic silhouette. This finding was not 
uncommon because among 48 patients studied, 12 (25 
percent) had abnormal wall motion on echocardiogra- 
phy but no abnormality on ventriculography. Echo- 
cardiographically detected abnormal regional wall 
motion should not always be equated with ischemia 
induced by coronary artery disease. Corya et al.?L?/ 
demonstrated that regional wall motion abnormalities 
on M mode echocardiography may be caused not only 
by such ischemia, but also by motion of the entire heart 
within the chest, abnormal electrical conduction, rela- 
tive diastolic volume overload of the right and left 
ventricles (such as that seen in atrial septal defect) and 
ischemic conditions induced by noncoronary artery 
diseases such as idiopathic congestive cardiomyopathy. 
Conduction abnormalities are usually distinguished by 
the electrocardiogram, relative volume increases by 
associated right ventricular volume overload, and other 
causes of ischemia such as congestive cardiomyopathy 
by lack of segmental abnormality often typical of pa- 
tients with coronary artery disease. 

In coronary artery disease, usually one area of the left 
ventricle will have good regional wall motion even in the 
presence of advanced disease with congestive heart 
failure, whereas in congestive cardiomyopathy diffuse 
regional wall motion abnormalities are usually, but not 
invariably, seen. Corya et al.?7 demonstrated that both 
septal and posterior left ventricular wall motion were 


markedly diminished in 9 of 10 patients with idiopathic 
congestive cardiomyopathy but in only 2 of 27 patients 
with coronary artery disease. 

Limitations of M mode echocardiography: Limi- 
tations of M mode recordings in the detection of re- 
gional wall motion abnormalities have been well de- 
fined.?? The “ice-pick” view of M mode echocardiog- 
raphy does not allow for simultaneous comparative 
evaluation of multiple regional wall motion changes or 
for evaluation of many areas of the ventricle. For ex- 
ample, the left ventricular apex is rarely well examined 
by M mode echocardiography. Thus, cross-sectional 
echocardiography has a theoretical advantage not only 
in providing multiple tomographic views of the left 
ventricle but also in determining ventricular shape and 
function. 

Myocardial infarction: M mode echocardiographic 
studies in patients with acute myocardial infarction will 
not be discussed in this review. In general, abnormal 
regional wall motion corresponds well to the electro- 
cardiographic site of infarction, and abnormal left 
ventricular internal dimension and mitral valve closure 
abnormalities correlate with hospital mortality.2%?! 


Cross-Sectional Echocardiography 


In the open chest dog, cross-sectional echocardiog- 
raphy has been applied to detect noninvasively the 
immediate ventricular wall motion abnormalities that 
occur during experimental myocardial infarction.?990 
The quality of the images is excellent and allows for 
quantification of endocardial motion as well as echo- 
cardiographic and electrocardiographic correlations 
(Fig. 2).29,30 

Correlation with contrast angiography: To date, 
few clinical studies have analyzed the correlation be- 
tween regional wall motion abnormality as assessed with 
cross-sectional echocardiography and left ventricular 
cineangiography. Kisslo et al.?! reported in 1977 on an 
analysis of 525 regional wall motion studies in 105 pa- 
tients undergoing cardiac catheterization; 430 studies 
(82 percent) were adequate for analysis. Ventricular wall 
motion detected with real time phased array echocar- 
diography in the anterolateral, posterolateral, apical, 
septal and posterior regions was well correlated with left 
ventricular cineangiographic data. However, 55 of the 
430 regions had discrepant findings in this comparison; 
reasons for the discrepancy were established for 54 of 
these. Of the 34 discrepancies attributed to echocardi- 
ography, 10 were due to observer error, 19 to inadequate 
visualization of echocardiographic targets that were 
previously judged as adequate, 4 to tangential angula- 
tion of the transducer through the short axis resulting 
in distortion of the wall movement; 1 was unexplained. 
Of the 15 discrepancies attributed to angiography, the 
majority (13) were due to superimposition of abnor- 
mally contracting wall regions over the normally con- 
tracting portions of the ventricle and 2 were caused by 
observer error. Six discrepancies were judged "'inde- 
terminate" because they could not be attributed to ei- 
ther imaging technique. This category included unse- 
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FIGURE 2. Cross-sectional echocardio- 
graphic left ventricular long axis views 
from an open chest dog. A-1 and A-2 
represent diastole and systole, respec- 
tively, before (PRE) ligation of the posterior 
coronary artery. The posterior wall motion 
during systole (A-2) is well demonstrated. 
B-1 and B-2 represent diastole and systole 
after (POST) ligation of the posterior cor- 
onary artery. During diastole (B- 1) the left 
ventricle is larger in internal diameter, and 
in systole (B-2) the posterior wall is aki- 
netic. The left ventricular internal dimen- 
sion is larger in B-2 than in A-2, suggesting 
a decrease in left ventricular ejection 
fraction. al — anterior mitral valve leaflet; 
AO = aorta; LA = left atrium; pl = poste- 
rior mitral valve leaflet; PW = posterior 
wall; VS — ventricular septum. 


solved disagreements between interpretations (echo- 
graphic to angiographic orientation [two cases] and 
definition of asynergy [four cases]). Discrepancies due 
to observer error and inadequate target visualization 
were most frequently encountered in the interpretation 
of apical wall motion, whereas problems experienced 
with the ventricular silhouette on angiography were 
most frequently encountered in analysis of ventricular 
septal motion. Kisslo et al. concluded that at least 50 
percent of the endocardium in any one wall region must 
be visualized throughout the cardiac cycle on echocar- 
diography to permit reliable prediction of the presence 
or absence of wall motion abnormalities on angiography. 
In their study, the regions most readily visualized with 
echocardiography were the ventricular septum and 
posterior wall; the most difficult region to visualize was 
the ventricular apex. 

Echocardiography requires concentrated attention 
to proper technique to avoid error in analysis because 
the heart is in constant motion and, as a three-dimen- 
sional target, it rotates in and out of the ultrasonic beam 
during the cardiac cycle. Tangential imaging may dis- 
tort the normal ventricular configuration and, thus, wall 
motion and observer error may result from poor visu- 
alization of the majority of endocardium in any partic- 
ular tomographic view. 

Of the errors attributable to angiographic detection, 
paramount was the superimposition of the silhouette 
of an abnormally contracted wall segment over one that 
was normal. Also, the ventricular wall surfaces may be 
inaccessible during left ventricular cineangiography 
because the motion detected by this method is seen 
along the borders of the ventricular silhouette. Because 
angiography is invasive, its application is limited to a 
atively small number of patients compared with those 
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who can be subjected to cross-sectional echocardiog- 
raphy. 

Myocardial infarction: Cross-sectional echocardi- 
ography has been applied to patients with myocardial 
infarction. Heger et al.?? demonstrated that the method 
provided a useful and accurate spatial orientation in the 
detection of left ventricular wall motion abnormalities 
during an acute myocardial infarction. Likewise, its use 
in detecting abnormalities in ventricular geometry and 
function has been explored and will not be considered 
in detail in this report. One major limitation of cross- 
sectional echocardiography is the proportion of patients 
in whom this technique images the endocardium well 
enough for adequate analysis. For example, in the study 
of Heger et al.,?? 7 (16 percent) of 44 patients entered 
did not have adequate cross-sectional echocardiograms 
visualizing all nine myocardial segments used in anal- 
ysis. 


M Mode and Cross-Sectional Echocardiographic 
Studies During Exercise 


It is not uncommon to observe normal left ventricular 
function at rest even in the presence of severe coronary 
artery disease. In patients with such findings, delivery 
of oxygenated blood to the myocardium due to ob- 
structed coronary arteries is decreased but sufficient to 
supply myocardial needs at rest. However, during ex- 
ercise ischemia may be produced as oxygen demand 
increases. New regional wall motion abnormalities 
during exercise-induced ischemia have been demon- 
strated with left ventricular cineangiography?? and with 
cardiac nuclear imaging techniques.*4 Studies during 
acute coronary arterial ligation??? demonstrated that 
with the onset of ischemia rapid deterioration of re- 
gional wall motion, including thickening and shortening 
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functions, occurred even before S-T segment changes 
were evident; these mechanical alterations were re- 
versible on release of the coronary ligature. 

M mode echocardiography during exercise: 
Studies in human beings using M mode echocardiog- 
raphy during exercise have been reported. Mason et al.*° 
examined changes in regional wall motion in 54 men 
(mean age 51 + 18 years) with adequate resting echo- 
cardiograms; however, only 24 (45 percent) had exercise 
echocardiograms adequate for analysis. Changes in re- 
gional wall thickening and left ventricular cavity di- 
mension during exercise were evaluated. A decrease in 
regional wall thickening during exercise appeared to be 
a sensitive and specific indicator of the presence of 
significant coronary artery disease because an abnormal 
thickening occurred during exercise in only 1 (5 percent) 
of 22 normally perfused segments, whereas systolic 
thickening decreased in 19 (86 percent) of 22 abnor- 
mally perfused segments. Eleven of these patients had 
a positive exercise test; two had prior myocardial in- 
farction. During exercise; the percent shortening of the 
left ventricular cavity dimension increased in 10 of 11 
normal subjects, but decreased in 12 of 13 patients with 
coronary artery disease. Thus, M mode echocardio- 
graphic findings during exercise appear to differentiate 
patients with and without coronary artery disease. 
However, the limitations of this study include lack of 
an adequate number of normal subjects and a prepon- 
derance of patients with severe coronary artery disease. 
Among the 13 patients with coronary artery disease in 
this study, 9 had three vessel, 3 had two vessel, and only 
1 had one vessel involvement. 

Exercise protocols used during echocardiographic 
studies rely on the supine position rather than on the 
upright position common to the standard exercise test 
on the treadmill or bicycle. The supine position is ade- 
quate to induce ischemia because the patient reaches 
a higher heart rate and systolic blood pressure for a 
given level of oxygen consumption even in comparison 
with the upright position.*® 

The greatest limitation of the M mode echocardio- 
graphic exercise study is the difficulty of obtaining high 
quality echocardiograms during exercise. Among its 
advantages are that it is the only technique in which 
precise dynamic changes in myocardial wall thickness 
in different regions of the heart can be evaluated. It is, 
of course, noninvasive, easily repeatable and inexpen- 
sive. Echocardiography does not alter the function of 
the ventricle as angiographic contrast dye may, and a 
large number of cardiac cycles before, during and after 
intervention can be studied. Compared with stress ra- 
dionuclide angiography, echocardiography follows in- 
stantaneous events rather than combining several car- 
diac cycles and, of course, it imposes no radiation ex- 
posure. Echocardiography can evaluate changes in wall 
thickening as well as endocardial motion, which cannot 
be assessed with gated blood pool scanning tech- 
niques. 

Cross-sectional echocardiography: Cross-sectional 
echocardiography in the detection of regional wall ab- 
normalities provides better visual orientation than is 
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possible with the M mode echocardiographic “ice pick" 
view, but this use has only recently been explored. Wann 
and co-workers,?? using cross-sectional echocardiog- 
raphy performed at rest and during supine bicycle ex- 
ercise, studied 28 patients with classic angina pectoris 
or prior myocardial infarction, or both, who were 
undergoing cineangiography. Technically adequate 
exercise echocardiograms were obtained in 20 (71 per- 
cent) of the 28 patients and, although many of the 
cross-sectional echocardiograms performed during ex- 
ercise were of a lesser quality than that of studies per- 
formed at rest, they were sufficiently good to be diag- 
nostic. The investigators had the greatest success with 
the apical echocardiographic window, since only 11 (39 
percent) of the 28 patients studied had adequate 
parasternal visualization. Of the 20 patients with ade- 
quate cross-sectional echocardiograms, new regional 
wall motion abnormalities were detected in 10; 8 of the 
10 experienced typical angina pectoris during exercise. 
Exercise-induced abnormal myocardial wall motion 
that was not detected at rest could be seen to normalize 
gradually during the recovery period. Six of these 10 
patients had stenosis of coronary arteries supplying 
areas of the heart corresponding to the location of re- 
versible wall motion abnormalities. Thallium-201 per- 
fusion scanning showed that these patients also had 
reversible perfusion defects during exercise. Five of the 
other 10 patients without new regional wall motion 
abnormalities during exercise had coronary artery dis- 
ease. 

In a preliminary study, we?? evaluated 20 consecutive 
patients undergoing coronary angiography using wide 
angle cross-sectional echocardiography at rest and 
during supine bicycle exercise. Eighteen (90 percent) 
of the 20 patients had endocardial echoes during exer- 
cise that were adequate for analysis. Sixteen of these 18 
had angina pectoris and 6 had electrocardiographic 
evidence of prior myocardial infarction. In 10 patients 
cross-sectional echocardiographic regional wall motion 
was normal at rest and remained so during exercise. 
Seven of these 10 had coronary artery disease, although 
none of the 7 had prior myocardial infarction or ab- 
normal findings on left ventricular cineangiography. 
New regional wall motion abnormálities on exercise 
cross-sectional echocardiography appeared in eight 
patients; all eight had a positive exercise test and seven 
had coronary artery disease, including six with three 
vessel and one with two vessel disease (Fig. 3). One pa- 
tient did not have coronary artery disease but had an 
occult cardiomyopathy on angiography. The location 
of new exercise regional wall motion abnormalities 
correlated directly with the presence of major ob- 
struction in the coronary arteries supplying that seg- 
ment. Thus, exercise echocardiography can detect the 
presence of coronary artery disease with a high degree 
of specificity although the sensitivity of this technique 
may be limited. 


Direct Visualization of the Coronary Arteries 


Weyman et al.! was the first to report (in 1976) direct 
visualization of the left main coronary artery using 
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FIGURE 3. Cross-sectional echocardiographic short axis 
view of the left ventricular cavity at the level of the papillary 
muscle recorded at rest and during exercise. Left panels 
demonstrate end-diastole and end-systole at rest. The white 
arrow points to the region of the ventricular septum, which 
during systole at rest has excellent inward motion. Right 
panels demonstrate end-diastole and end-systole during 
exercise. The end-diastolic exercise frame (upper panel) 
demonstrates a larger left ventricular internal Cavity di- 
mension. The small white arrow points to the ventricular 
septum and the large white arrow to the anterolateral wall. 
During systole (lower right panel) the ventricular septum 
appears to have become akinetic (small white arrow), 
whereas the anterolateral left ventricular wall (large white 
arrow) maintains normal motion. The end-systolic left ven- 
tricular diameter appears to be larger during exercise than 
at rest, suggesting that the ejection fraction decreased during 


exercise. END 


cross-sectional echocardiography. Previously, visual- 
ization of this artery had been obtained only with cor- 
onary arteriography. It is well accepted that there is no 
historical or clinical feature specific for left main coro- 
nary artery disease, including a markedly positive 
treadmill test.?9-4? The importance of noninvasive di- 
agnosis of such disease stems from the evidence that 
coronary bypass surgery prolongs life in patients who 
are symptomatic with the disease. Therefore, the 
prompt identification of left main coronary artery dis- 
ease in patients with ischemic cardiac symptoms be- 
comes an important therapeutic challenge to the car- 
diologist.4*-4 In addition, the detection before eardiac 
catheterization of left main coronary artery disease may 
minimize the risk*of angiography in such patients.^45 
Visualization of the normal left main coronary 
artery: Weyman et al.! evaluated the left main coronary 
artery in 15 apparently normal subjects and in 15 pa- 
tients with coronary artery disease who had a normal 
left main coronary artery on angiography. Three pa- 
tients with 75 percent obstruction of the left main cor- 
onary artery and one patient with a large aneurysm of 
its distal portion were also studied. Identification of the 
left main coronary artery was performed using a 30? 
sector scanner and the short axis view of the great ves- 
sels (Fig. 4). Because this artery normally lies in a fixed 
anatomic position in reference to the left ventricle and 
great vessels, the short axis view of the level of the great 
vessels was utilized. The probe was swept in a supero- 
inferior arc to locate the superior margin of the left 
ventricle and the descending portion of the pulmonary 
aatery. These represented the upper and lower limits of 





ECHOCARDIOGRAPHY IN CORONARY ARTERY DISEASE—MORGANROTH ET AL. 


EXERCISE 








SYSTOLE 


the area in which the left main coronary artery was 
found. During the sweep a relatively dense mass of 
echoes originating along the left inferior border of the 
aorta and extending leftward beneath the right ven- 
tricular outflow tract could be visualized. The trans- 
ducer was then rotated parallel to the short axis in an 
attempt to line up the plane of the ultrasonic beam more 
closely to the course of the left main coronary arterial 
segment. Fine changes in the plane of the cross-sectional 
scan were required to align the transducer sweep par- 
allel to the long axis of the left main coronary artery. To 
confirm that the structure visualized was indeed the left 
main coronary artery, indocyanine green dye was in- 





FIGURE 4. Left, schematic drawing of the short axis view of the great 
vessels (AO = aorta and PA = pulmonary artery) and the left main (LM) 
coronary artery. Right, schematic cross-sectional echocardiographic 
plane using the apical approach. 
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FIGURE 5. Cross-sectional echocardiographic view of the short axis 
at the great vessel level. The left main coronary (LMC) artery is depicted 
with its lumen in continuity with that of the aorta (AO). LA = left atrium; 
PA = pulmonary artery. 


jected directly into this artery during cardiac cathe- 
terization in two patients and into the aortic root in the 
area of the left coronary ostium in one patient. 

Figure 5 demonstrates a normal left main coronary 
artery detected with the short axis view and shows it to 
be an elongated funnel-shaped structure arising from 
the lateral margin of the aortic root with the coronary 
ostium in continuity with the aortic lumen. The left 
main coronary artery appears as two parallel sets of 
echoes arising from the vessel. The echo-free space be- 
tween these two inner echoes represents the lumen. 

Left main coronary disease: In each of the three 
patients with left main coronary artery disease studied 
by Weyman et al.! a luminal narrowing evident on 
echocardiography correlated with almost complete 
obliteration of the lumen demonstrated on angiography. 
An aneurysm of the left main coronary artery in one 
patient was also imaged with echocardiography. It is 
important that the origin of the artery from the aorta 
be imaged and that the continuity between the lumens 
of these two vessels be ensured in order to be certain 
that the left main coronary artery is being imaged. 
Several still frames were required to visualize the left 
main coronary artery because it moves in and out of the 
ultrasonic beam during the cardiac cycle. 

Coronary arteries in mucocutaneous lymph node 
syndrome: Cross-sectional echocardiography has been 
used to evaluate the coronary arteries in infants and 
young children with the mucocutaneous lymph node 
syndrome.^4? This obscure syndrome is characterized 
by aneurysms of the coronary artery and myocardial 
infarction. Cross-sectional echocardiography may be 
used as a screening procedure for this syndrome to de- 
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termine whether the left main coronary artery is aneu- 
rysmal. Yoshikawa et al.* in their study also demon- 
strated by the short axis view visualization of the ostium 
of the right as well as the left coronary artery. The left 
main coronary artery was visualized in 29 of their 37 
subjects and the right coronary artery in 17. Fifteen 
patients had apparently normal coronary arteries 
without invasive studies; 17 had proved normal coro- 
nary arteries and 5 had a left coronary arterial aneu- 
rysm; in | patient the right coronary artery was seen to 
communicate with a right coronary aneurysm. The right 
coronary artery has also been demonstrated in children 
with the anomalous left coronary artery syndrome.!? 

Apical four chamber approach: Ogawa and co- 
workers?? attempted to visualize the left main coronary 
artery by using the apical (four chamber) approach 
using phased array ultrasonography (Fig. 4). After the 
standard four chamber view was obtained, the trans- 
ducer was placed at the cardiac apex while the patient 
was in the left lateral decubitus position and the echo- 
cardiographic beam was directed toward the base of the 
heart perpendicular to the plane of the ventricular and 
atrial septums. The transducer was initially angled 
slightly posteriorly so that the beam passed through the 
plane of the mitral and tricuspid valves and then was 
angled slightly anteriorly until the aorta and pulmonary 
artery were imaged and no mitral valve tissue was 
identified. The transducer position was then altered 
slightly clockwise with the increased rejection of low 
frequency echoes until the left main coronary artery was 
imaged as a parallel set of echoes with a lumen-free 
space contiguous with the lumen of the aorta (Fig. 6). 
Frame by frame review of videotape recordings after 
recording of the initial data was necessary because the 
left main coronary artery moves with each cardiac cycle. 
Visualization of the left main coronary artery was doc- 
umented by a frame by frame analysis of the tip of a 
Judkins coronary arterial catheter passing from the 
aortic lumen to the structure that had previously been 
identified as the left main ostium. Careful control of 
echocardiographic gain and rejection was important in 
order to detect the left main coronary artery, whose 
lumen had to be in continuity with the aortic root, and 
the luminal pattern had to be demon$trated for at least 
three consecutive stop frames. 

In the preliminary studies of Ogawa et al. three pa- 
tients with left main coronary artery disease on cine- 
angiography had the obstruction identified with the 
apical view of the cross-sectional echocardiogram as a 
disruption of the continuous echo-free luminal space. 
Thirty-five patients were then studied prospectively 
and 27 had adequate visualization of the left main cor- 
onary artery. Twenty-three of these 27 were judged to 
have a normal left main coronary artery on echocardi- 
ography and all had normal coronary angiographic 
findings. Of the four patients judged to have an abnor- 
mal left main coronary artery, two in fact did have left 
main coronary obstruction; one had an abnormally short 
left main artery with severe obstruction of the proximal 
left anterior descending coronary artery; and one had 
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a normal left main coronary artery and was considered 
to have a false positive echocardiographic study. Ogawa 
et al.? subsequently studied 30 patients using both the 
short axis and apical approaches to identify the left 
main coronary artery. In 16 (53 percent) of the 30 this 
artery was clearly imaged with the short axis approach; 
in 21 (70 percent) it was visualized with the apical ap- 
proach and in 28 (93 percent) with either approach. 

Other echocardiographic criteria of left main 
coronary disease: Chen et al. evaluated other criteria 
for disease of the left main coronary artery. Because this 
artery may bend in its course and move with each 
heartbeat and thus simulate a break in the continuous 
luminal free space, markers other than disruption in the 
continuous echo lumen were considered for identifica- 
tion of the left main coronary artery. The potential use 
of asymmetric high intensity echoes in the walls of the 
left main coronary artery reflecting the presence of 
atherosclerotic lesions was explored. Increased echo- 
cardiographic density reflecting collagen buildup in the 
left ventricle after myocardial infaraction has been 
identified, ^9 and Rogers et al.47 presented preliminary 
data suggesting that high intensity echoes from the wall 
of the left main coronary artery may be a manifestation 
of atherosclerotic plaque in that vessel. 

Chen et al.? studied 73 patients undergoing cardiac 
catheterization for symptomatic ischemic heart disease, 
60 percent of whom were referred for coronary arterial 
surgery. Twenty-one patients (20 were men with a mean 
age of 59 + 8 years) had left main coronary stenosis (50 
percent or greater narrowing of luminal diameter). 
Fifty-two patients had a normal left main coronary ar- 


FIGURE 7. Left, the left main cor- 
onary artery (arrow) arises from the 
aorta and is bordered superiorly by 
the left ventricle (LV). The luminal 
space of the artery is interrupted in 
its proximal half and there is an 
asymmetric echo density in the ar- 
terial wall closest to the left ventri- 
cle. Right, the left main coronary 
angiogram from this patient dem- 
onstrates a major obstructing lesion 
(arrow) that correlates with the ab- 
normality seen in the echocardio- 
gram. 
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FIGURE 6. Cross-sectional echocardiographic view from the apical 
approach demonstrating the left ventricle (LV), pulmonary artery (PA), 
interventricular septum (IVS) and aorta (AO). A normal left main coro- 
nary artery is depicted (between the two white markers) arising from 
the aorta. The lumen of the artery is contiguous with that of the 
aorta. 
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tery at cardiac catheterization and served as the control 
group. Forty-three of these were men with a mean age 
of 56 + 9 years. In this study fluoroscopic evaluation for 
main coronary arterial calcification was not used. 

In 36 (69 percent) of the 52 subjects with a normal left 
main coronary artery studied by Chen et al., adequate 
visualization of the artery was obtained. Failure to 
identify the left main coronary artery was due primarily 
to interference from lung or abnormal chest wall con- 
figurations preventing the detection of an adequate 
apical view. In addition, the presence of aortic valve 
calcification producing the confusing array of echo 
densities in the area of the left main coronary artery also 
revented visualization as would the presence of an aortic 
valve prosthesis. 

Thirty-three of the 36 patients studied by Chen et al. 
with adequate visualization had normal symmetric echo 
densities rising from the walls of the left main coronary 
artery and a normal lumen without disruption. Three 
subjects had asymmetric high intensity echoes and thus 
had a false positive echocardiographic study, and two 
of these subjects had in addition, luminal irregularities 
on echocardiography. Thus, 34 (94 percent) of 36 pa- 
tients with a normal left main coronary arteriogram 
demonstrated no luminal abnormalities throughout the 
artery’s length on echocardiography. Of the 21 patients 
with left main coronary arterial obstruction on angi- 
ography, 16 (76 percent) had adequate echocardio- 
graphic studies for analysis. Nine of these 16 had lu- 
minal irregularities suggestive of coronary obstruction 
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and 5 of these 9 had, in addition, asymmetric echo 
densities (Fig. 7). Three of the seven patients without 
luminal irregularities had only asymmetric high in- 
tensity echoes suggesting atherosclerotic obstruction. 
Four patients had no echocardiographic abnormalities 
and were considered to have a false negative study. In 
all four patients the left main coronary artery was un- 
usually long with the lesion located distally just at the 
bifurcation point out of view of the left main artery as 
imaged by the echocardiogram. Thus, left main coro- 
nary artery disease was detected with the echocardio- 
graphic criteria of either asymmetric high intensity wall 
density or disruption of the arterial lumen in 12 (75 
percent) of 16 patients. Similar data were reported by 
Rogers et al.? 

Implications: Thus, cross-sectional echocardiogra- 
phy may visualize directly the left main coronary artery 
and predict obstructive disease with a high degree of 
specificity and sensitivity. Further, experience and 
improvements in echocardiography with more certain 
identification of the bifurcation point of the left main 
coronary artery will provide increasingly better results. 
To date, identification of specific left anterior de- 
scending and left circumflex coronary artery lesions has 
not been possible with any degree of reproducibility. 
With increasing interest in identifying those subjects 
with left main coronary artery disease, further studies 
of cross-sectional echocardiographic techniques and 
criteria aimed at the noninvasive evaluation of this 
problem are warranted. 
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Exercise thallium-201 myocardial imaging and exercise radionuclide 
angiography are the two techniques of nuclear cardiology most widely 
used for the diagnosis of coronary artery disease. Each of these tests 
provides information of diagnostic and functional value. The diagnostic 
accuracy and Clinical utility of these two tests for the detection of coronary 
artery disease are compared. The strengths and weaknesses of each 
approach are discussed. A clinical approach to the detection and evalu- 
ation of coronary artery disease using these radionuclide exercise tech- 
niques is presented. 


Exercise stress testing has long been used as a provocative maneuver for 
detecting coronary artery disease.!-? When current treadmill techniques 
were used and criteria for a positive test result and adequate stress 
testing (85 percent or greater predicted maximal heart rate) were eval- 
uated, electrocardiography was reported‘ to be 60 to 64 percent sensitive 
and 89 to 93 percent specific for coronary artery disease. The diagnostic 
accuracy of the test is dependent on the level of stress achieved by the 
patient and the electrocardiographic criteria used for interpretation. 
Despite the reasonably high specificity of the electrocardiographic stress 
test, a positive test in the absence of chest pain is not specific. If the stress 
test is used for screening in a population with a small incidence of cor- 
onary artery disease, the number of false positive studies may be quite 
large.^ Furthermore, several factors render the test difficult or impossible 
to interpret including (1) left or right ventricular hypertrophy, (2) in- 
traventricular conduction delay or bundle branch block, (3) previous 
myocardial infarction,? (4) hyperventilation,® (5) effects of various drugs 
such as digitalis and quinidine,’ (6) ST-T wave abnormalities at rest,? 
(7) electrolyte imbalance,’ (8) carbohydrate loading,!? (9) psychotropic 
drugs,!! and (10) preexcitation syndromes. Because ofgthese limitations, 
exercise with thallium-201 (Tl-201) myocardial perfusion imaging and 
radionuclide blood pool imaging has become increasingly important for 
the diagnosis of and evaluation of coronary artery disease. 


Exercise Myocardial Thallium Imaging 


Background 


Before 1973, several gamma-emitting radionuclides had been used 
to assess regional myocardial perfusion at rest in patients with suspected 
coronary artery disease. These agents included radioisotopes of potas- 
sium (K-42, K-43) and its analog (cesium-129).!?.1? These agents were 
efficiently extracted from the blood by the sodium-potassium adenosine 
triphosphatase system. Although these agents were useful in detecting 
infarction, it was not until 1973 that Zaret et al.'4 reported the admin- 
istration of potassium-43 at peak exercise to detect exercise-induced 
perfusion defects in 28 of 34 patients with coronary artery disease. No 
defects were seen in 12 of 12 patients without coronary artery disease. 
This group of investigators!? also demonstrated that exercise imagin 
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with potassium-43 was normal in patients with normal 
coronary arteries and positive electrocardiographic 
exercise tests. Subsequently the use of rubidium-81 for 
myocardial imaging was described! as well as its in- 
creased diagnostic accuracy in detecting coronary artery 
disease during exercise imaging compared with elec- 
trocardiographic exercise testing alone.!? 
` Kawana et al.!? suggested the use of thallium-199 as 
a perfusion imaging agent on the basis of biologic 
similarities between thallium and potassium. Subse- 
quently T]-201 was used to obtain myocardial scinti- 
scans in the goat!? and this demonstrated peak myo- 
cardial concentration at 10 to 25 minutes after injection. 
T1-201 has the advantages of lower photon energies and 
greater myocardial concentration (1.7 to 3.7 percent of 
the administered dose) compared with potassium-43, 
rubidium-81 and cesium-129.?9?! The suitability of 
T1-201 for imaging with the unmodified gamma scin- 
tillation camera and its longer half-life make it more 
practical for clinical use. In 1976 early reports??23 ap- 
peared describing the use of T1-201 imaging with exer- 
cise as a noninvasive test for detecting coronary artery 
disease. 


Exercise Imaging Procedure 


Thallium redistribution: Early experiences with exercise 
myocardial T1-201 imaging utilized separate injections of the 
radionuclide during exercise and at rest. T1-201 was injected 
at peak exercise; the patient was then imaged at the termi- 
nation of exercise. If these initial images were abnormal 
demonstrating a defect, the patient returned at least 72 hours 
later and was reinjected with T1-201 and reimaged. If the 
T1-201 defect persisted on repeat images, then myocardial scar 
was said to be present. If the T1-201 perfusion defect was no 
longer present on repeat images, then transient exercise- 
induced myocardial ischemia was said to be present during 
exercise. In 1976, our laboratory” reported the disappearance 
of T1-201 myocardial defects present on initial images in ex- 
perimental dogs over a 2 hour period after transient ischemia. 
This phenomenon was referred to as T1-201 redistribution. 
T1-201 redistribution on serial images after a single dose of 
T1-201 given at peak exercise was subsequently observed in 
patients with coronary artery disease.?* When this technique 
was used, defects observed on images immediately after ex- 
ercise that filled inson the delayed images were believed to 
represent ischemia, whereas initial defects that persisted were 
believed to represent scarring. We have found in the animal 
laboratory as well as clinically that most redistribution occurs 
within 3 to 4 hours. Berman et al.?? have observed continued 
T1-201 redistribution for up to 24 hours. However, we believe 
that if some redistribution has not occurred by 3 to 6 hours, 
the myocardium is probably irreversibly damaged. Further- 
more, although biologic elimination of T1-201 is minimal (10 
percent excreted in 10 days) and physical decay of T1-201 is 
about 22 percent of the dose in 24 hours, images taken 24 hours 
after the T1-201 dose are usually technically inadequate. Blood 
et al.?6 demonstrated a comparable diagnostic accuracy for 
coronary artery disease in the exercise T1-201 test when re- 
distribution images were substituted for images at rest. 

. Single dose Tl-201 exercise testing with redistribution 
images offers the additional advantages of (1) a lower ra- 
diation dose to the patient, (2) requiring only one patient visit, 
(3) one half the cost for radiopharmaceutical, and (4) reduc- 
tyon in background activity compared with images obtained 
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after Tl-201 is injected at rest. Finally, our laboratory and 
others have reported transient T1-201 myocardial defects on 
initial images at rest in some patients with severe coronary 
artery stenosis, which compromises myocardial blood flow at 
rest.?7?? Initial defects on T1-201 images at rest can therefore 
represent either scar or ischemia. Use of the delayed imaging 
approach to distinguish between scar and ischemia eliminates 
this possible source of confusion. A recent review?? describes 
the theoretic and practical considerations of the T1-201 re- 
distribution phenomenon. 

Stress testing: The level of stress, rather than the method 
used to produce the stress, appears to be most important in 
determining the sensitivity of the Tl-201 exercise test for 
coronary artery disease. We have found no difference in the 
sensitivity of the T1-201 exercise test using upright treadmill 
exercise (87 percent) in 161 patients with coronary artery 
disease or supine bicycle exercise (86 percent) in 50 patients 
with coronary artery disease. Handgrip was reported?? to 
produce adequate stress for diagnostic evaluation using T1-201 
myocardial imaging, although we would not recommend this 
approach in patients capable of dynamic exercise. Although 
pacing-induced stress has been suggested by some groups, a 
recent report?! has questioned the adequacy of heart rate 
stress alone for T1-201 studies. 

In our laboratory patients are generally exercised in an 
upright position on a treadmill. A 12 lead electrocardiogram 
is obtained and an intravenous line is inserted before exercise. 
Patients are then exercised using a standard graded exercise 
protocol. Electrocardiographic leads are recorded at 3 minute 
intervals and selected leads are monitored continuously. Pa- 
tients are exercised until there is symptom limitation by either 
chest pain, shortness of breath or fatigue, unless a bothersome 
arrhythmia or substantial S-T segment depression occurs at 
which time exercise is terminated. Approximately 45 seconds 
before the termination of exercise, 1.5 mCi of T1-201 is injected 
intravenously. Immediately after the completion of exercise 
(initial images) and 3 to 6 hours later (delayed images), 
imaging is performed with the patient supine in the anterior 
and 50? and 70? left anterior oblique projections. Images are 
obtained with an Anger scintillation camera interfaced to an 
imaging computer system. A medium sensitivity collimator 
and a 20 to 30 percent energy window encompassing the 68 to 
80 keV X-ray emissions of Tl-201 are used. When the gamma 
camera permits the use of multiple photopeaks, both the 
X-ray and gamma ray photopeaks (135 and 167 keV) can be 
used to increase photon yield.?? When a dose of 1.5 mCi of 
T1-201 is used, adequate numbers of photons can be collected 
within 5 to 10 minutes. We routinely collect all images for a 
preset time of between 6 and 10 minutes. The use of fixed 
imaging intervals may allow one to quantitate changes in 
T1-201 activity over serial images. A minimum of 300,000 
counts should be collected in the initial image. Although we 
do not recommend Tl-201 imaging without a computer, if 
imaging is performed using an isolated gamma camera, images 
should be collected for a preset number of counts to allow for 
direct comparison of serial images. 


Interpretation of Thallium-201 Exercise Studies 


Interpretation is generally qualitative although quantitative 
approaches have been suggested. In our laboratory qualitative 
interpretation is carried out as follows: T1-201 images are 
viewed directly on a computer screen with initial and delayed 
images displayed side by side for comparison in each projec- 
tion. The left ventricular activity is divided into anterolateral, 
apical and inferior segments on the anterior view, and septal, 
apical-inferior and posterior segments on the left anterior 
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FIGURE 1. Division of left ventricular myocardium into segments for 
assessment of thallium-201 myocardial images. Activity is not assessed 
in the superior segment in the left anterior oblique projection because 
activity is normally reduced or absent in this area. 


oblique view (Fig. 1). Each segment is subjectively scored 
using a simple grading system: zero (minimal activity), 0.5, 1.0, 
1.5 and 2.0 (normal activity). A transient defect is defined as 
an increase of one or more grades from initial to delayed image 
for any ventricular segment. A transient defect is interpreted 
as representing transient ischemia occurring during exercise. 
A persistent defect for the anterolateral, inferior, septal or 
posterior segments is defined as an exercise and delayed grade 
of 1.0 or less. The apical and apical-inferior segments can have 
reduced activity under normal circumstances because of the 
myocardium being thinner in these segments. ‘Thus, a signif- 
icant persistent defect for the apical and apical-inferior seg- 
ments is defined as an exercise and delayed grade of 0.5 or less. 
A persistent defect is interpreted as representing myocardial 
scar. Defects that fulfill the criteria for both a transient and 
a persistent defect (partial redistribution) are believed to 
represent ischemia plus scar or severe ischemia. Figure 2 
demonstrates the clinical patterns found on exercise-delayed 
T1-201 imaging studies: normal, transient defect and persis- 
tent defect. Cook et al.?? have described the appearance of the 
normal T1-201 myocardial image in detail. 

In addition to the uniformity of Tl-201 activity in the 
myocardium over time, images are also subjectively evalu- 
ated for (1) size of ventricular cavity, (2) thickness of ven- 
tricular walls, and (3) pulmonary T1-201 activity relative to 
myocardial activity. When evaluating myocardial T1-201 
distribution in images where the ventricular cavity clearly 
changes in size between initial and delayed images, it is im- 
portant to remember that decreases or increases in left ven- 
tricular wall thickness can lead to the appearance or disap- 
pearance of defects on images without an actual change in 
tracer distribution.?? 


Clinical Experience With Exercise Thallium Imaging 


Sensitivity of thallium-201 imaging: Table I 
summarizes most of the reported experience with ex- 
ercise myocardial T1-201 imaging for the detection of 
coronary artery disease. Sensitivity is defined as pa- 
tients with true positive results divided by all patients 
with coronary artery disease, and specificity as patients 
with true negative results divided by all patients without 
coronary artery disease. Some studies employed the two 
dose, exercise-rest Tl-201 technique and others used the 
single dose T1-201 approach. However, because Blood 
et al.26 demonstrated that both techniques differentiate 
between ischemia and scar, and because sensitivity and 
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FIGURE 2. A, normal thallium-201 myocardial images immediately after 
exercise (INITIAL) and 4 hours later (DELAYED). Note the homogeneous 
distribution of tracer except for the apical and apical-inferior segments, 
where activity can normally be slightly lower. B, abnormal thallium-201 
myocardial images. Note the inferior and apical defects in the initial 
anterior (ANT) view, and septal and apical-inferior defects in the initial 
left anterior oblique view (LAO). There is complete redistribution into 
the septal and apical-inferior segments (transient defect), partial re- 
distribution into the inferior segment, and no redistribution into the apical 
defect (persistent defect). 


specificity are related only to initial images after exer- 
cise (that is, the appearance of an Mitial defect), the 
results are combined in Table I. In 1,817 patients, the 
overall sensitivity and specificity of the T1-201 exercise 
test for coronary artery disease were 82 and 91 percent, 
respectively. When studies from Table I that did not 
report exercise electrocardiographic data were excluded, 
the 1-201 exercise test had a sensitivity of 82 percent 
and a specificity of 90 percent. The overall sensitivity 
and specificity of the electrocardiographic exercise test 
for coronary artery disease were 60 and 81 percent, re- 
spectively. In most studies, diagnostic Q waves on the 
electrocardiogram at rest were considered a sufficient 
criterion for coronary artery disease. Using chi square 
analysis, the T1-201 exercise test was significantly more 
sensitive (p <0.0001) and specific (p <0.05) for coronary 
artery disease than the electrocardiographic exercise 
test. 

The improved sensitivity of Tl-201 exercise imaging 
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^ 
TABLE | 
Reported Results of Thallium-201 Exercise Test 
Patients TI-201 ECG 
Year Principal Investigator (location) (n) Sens Spec Sens Spec 
1976 Klein (London, Ontario) '?' 144 59/73 69/71 61/73 63/71 
1976 Peterson (San Diego)' 2 25 16/17 4/8 12/17 5/8 
1977 Bailey (Baltimore 83 46/63 20/20 26/63 20/20 
1977 Ritchie (Seattle) '23 101 58/76 23/25 50/76 21/25 
1977 Lenaers (Belgium) '?4 70 52/55 14/15 — — 
1977 Rosenblatt (San Francisco)!?5 18 14/15 3/3 6/8 2/2 
(7 ND) (1 ND) 
1978 Carrillo (Detroit) '?$ 55 34/39 16/16 21/39 12/16 
1978 Verani (lowa City) 77 82 38/48 33/34 42/48 21/34 
1978 Turner (Chicago) '?8 64 23/34 29/30 25/34 23/30 
1978 Ritchie (Multiple Centers) '?? 190 115/148 37/42 62/148 37/42 
1978 Bodenheimer (Philadelphia) '39 45 21/32 13/13 15/32* — 
1978 Johnstone (New Haven)?! 33 18/26 7/7 — — 
1979 McCarthy (New York)? 128 81/95 26/33 61/95 30/33 
1979 Pohost (Boston)*° 209 140/161 36/48 103/161 37/48 
1979 Dash (San Francisco)*? 96 66/81 15/15 30/81 12/15 
1979 Verani (Houston) '92 58 38/46 12/12 30/46* — 
1979 Vogel (Denver)’ 65 31/42 22/23 — — 
1979 Meller (New York)!?? 55 23/28 23/27 — "S ND) 
1979 Okada (Boston)?4 49 27/33 (6 ND) 9/10 (1 ND) 23/27 3/4 
(11 ND) (7 ND) 
1979 Hecht (Los Angeles)'?^4 56 46/46 8/10 32/46 7/10 
1979 Caldwell (Seattle) !? 39 30/33 6/6 — — 
1979 Borer (Bethesda) 99 53 35/43 9/10 — — 
1979 Verani (Houston) '97 38 17/21 17/17 — — 
1979 Kirshenbaum (Boston) '?® 61 43/50 10/11 32/50 11/11 
Total 1,817 1,071/1,305 461/506 631/1,044 318/393 
0.82 0.91 0.60 0.81 


* Does not include Q waves at rest. 


ECG = exercise electrocardiogram; ND = nondiagnostic or technically inadequate studies; Sens = sensitivity = true positive results + all patients 
with disease; Spec = specificity = true negative results + all patients without disease; — = data not reported. 


over electrocardiographic exercise testing is due, in 
part, to the larger number of patients with nondiag- 
nostic or inconclusive electrocardiographic exercise tests 
due to either baseline electrocardiographic changes or 
inability to achieve 85 percent predicted maximal heart 
rate.°4-88 The accuracy of the T1-201 exercise test, al- 
though also dependent on the level of exercise 
achieved,?? does not appear to be as critically related to 
this factor as the electrocardiographic exercise test. In 
a series of 227 patients admitted to our institution for 
coronary angiography, there was no significant differ- 
ence in sensitivity for those patients who achieved 85 
percent predicted maximal heart rate and those patients 
who did not.*° The T1-201 exercise study has been found 
particularly useful in patients with equivocal electro- 
cardiographic tests because of hyperventilation, drug 
effect, ventricular hypertrophy, intraventricular con- 
duction delay and bundle branch block, preexcitation 
syndrome or previous myocardial infarction.??4! The 
sensitivity of the T1-201 exercise test for coronary artery 
disease increases with the increasing extent of diseased 
vessels and increasing severity of stenosis.42-44 The 
sensitivity is also high for left main coronary artery 
disease, but the specificity is low.4%45 Sensitivity de- 
creases in the presence of coronary collateral vessels*® 
and in patients taking propranolol with a negative 
electrocardiographic exercise test.40 

z Specificity of thallium-201 imaging: The improved 
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specificity of the T1-201 exercise test over the electro- 
cardiographic test in coronary artery disease is due, in 
part, to the many causes for false positive electrocar- 
diographic exercise tests, some of which were mentioned 
previously. We*’ demonstrated the T1-201 exercise test 
was quite specific in patients without a history of typical 
anginal chest pain and with a positive electrocardio- 
graphic exercise test (91 percent). Other investiga- 
tors^54? also used the T1-201 exercise test in asymp- 
tomatic patients with a positive electrocardiographic 
exercise test to predict the presence or absence of cor- 
onary artery disease. We?? demonstrated that the 
specificity of the T1-201 exercise test is quite low when 
patients with isolated subcritical stenosis (30 to 45 
percent diameter narrowing) are included in the control 
group. Fifty percent of these patients have positive 
1-201 exercise images in a distribution appropriate for 
the involved coronary artery. Although these subcritical 
lesions have conventionally been assumed to have little 
clinical importance, it may be inappropriate to consider 
these positive T1-201 exercise images as false positive 
results, because inequalities in coronary perfusion were 
described in association with such lesions using 
xenon-133 washout techniques.?!-?? Furthermore, the 
length and number of “subcritical” lesions can con- 
tribute to their significance. We must also admit that 
the reliability of the coronary arteriogram in differen- 
tiating truly subcritical (less than 50 percent lesions) 
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from critical lesions is probably not great, because the 
angiographic projection and the significance of a lesion 
at rest may change with stress. The interobserver 
agreement on the significance of lesions in this bor- 
derline range is small. Because of the uncertainty in 
interpreting the degree of coronary arterial narrowing 
angiographically, the T1-201 stress test may indeed be 
a means of clarifying the hemodynamic significance of 
a coronary lesion. At present the diagnostic accuracy of 
any of these radionuclide approaches can be enhanced 
with patient selection. For example, the use of young 
asymptomatic volunteers as a control group might lead 
to a high specificity because the incidence of even sub- 
critical disease is small and their ability to exercise large. 
Further, because sensitivity is related to the extent of 
disease, a group with a large incidence of three vessel 
disease would show a higher sensitivity than one with 
single vessel disease. 

Other causes of positive test: The specificity of the 
'T1-201 exercise test for coronary artery disease has been 
determined in most studies using patients presenting 
with chest pain who have required and undergone cor- 
onary angiography. It is possible that other disease 
processes may cause altered myocardial perfusion and 
could explain some apparent false positive results in this 
group. Preliminary results from one group?^ have 
demonstrated a large incidence of abnormal right ven- 
tricular myocardial biopsies in patients with positive 
T1-201 exercise tests and normal coronary arteries. If 
changes in cellular integrity as well as decreases in flow 
can lead to decreased T1-201 uptake, then this increased 
prevalence of ultrastructural abnormalities may explain 
some false positive results. Positive results in patients 
with aortic stenosis and normal coronary arteries may 
be due to exercise-induced subendocardial ischemia” 
or exercise-induced changes in left ventricular wall 
thickness.?? Positive results have been reported in pa- 
tients with coronary arterial anomalies? and in some 
patients with myocardial bridges.578 There is debate 
regarding idiopathic hypertrophic subaortic stenosis 
and the presence??? or absence®! of positive T1-201 
exercise test results. Although false positive results have 
been reported in association with mitral valve prolapse, 
most reports have not substantiated this observa- 
tion.62-64 

In a series of 227 patients, we have not found the 
overall specificity of the 1-201 exercise test to be sig- 
nificantly different in men versus women, in patients 
who achieved 85 percent or greater predicted maximal 
heart rate versus those who did not, and in patients 
taking propranolol versus those who were not.^" How- 
ever, in patients with negative electrocardiographic 
exercise tests, a significantly reduced specificity oc- 
curred in women (56 percent) compared with men (81 
percent), and in patients taking propranolol (53 per- 
cent) compared with those who were not (82 percent). 
Lack of specificity in women may have been due in part 
to attenuation of myocardial activity by overlying 
breast. 

Correlation with left ventricular functional 
state: T1-201 exercise testing produces functional in- 
formation as well as diagnostic information. Total, 
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FIGURE 3. Thallium lung activity. A, normal exercise thallium-201 study 
with minimal lung uptake of the tracer. B, exercise thallium-201 study 
showing increased thallium-201 lung activity initially after exercise 
(arrow) but only minimal lung activity in the delayed images. 


partial or no redistribution into a defect on initial T1-201 
images is associated with increasing frequency and se- 
verity of wall motion abnormalities.® Asynergic seg- 
ments at rest with redistribution on serial postexercise 
T1-201 imaging demonstrate reversibility during ven- 
triculography after a premature ventricular contrac- 
tion.99597 Asynergic segments at rest with persistent 
defects on serial T1-201 exercise imaging demonstrate 
irreversible asynergy on ventriculography after a ven- 
tricular premature contraction. Finally, in an additional 
series of 61 patients in our laboratory9? we have corre- 
lated the presence of transient or fersistent T1-201 
defects to exercise-induced changes in global left ven- 
tricular function assessed by multigated cardiac blood 
pool imaging. In the presence of redistribution, the 
ejection fraction decreased with exercise whereas in the 
presence of a persistent defect, ejection fraction showed 
a flat response with no significant change during exer- 
cise. Finally, in the group of patients in whom the T1-201 
images were normal, the ejection fraction increased 
significantly with exercise. These observations are 
consistent with the hypothesis that a transient T1-201 
defect represents transient ischemia leading to a dete- 
rioration of ejection fraction with exercise. A persistent 
defect represents scar which causes a blunting of the 
normal increase in ejection fraction with exercise. Ap- 
parently normal regional flow distribution even in the 
presence of coronary artery disease of angiographic 
significance appears to be associated with preservatiow 
of a normal global response to exercise. 
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FIGURE 4. Quantitation of myocardial thallium-201 distribution. The left column demonstrates the position of the cursors, which have been set 
by the operator at the center of the ventricular cavity. Starting at 12 o'clock and proceeding clockwise, the program constructs radial lines from 
the center to the periphery and plots the maximal picture element counts on the X-Y graph. This figure demonstrates quantitation of the transient 
and persistent defects observed in the same patient presented in Figure 2B. ANT = anterior; LAO = left anterior oblique. 


Other Considerations 


Increased T1-201 lung activity: Such increased 
activity has been observed on initial Tl-201 exercise 
images in certain patients (Fig. 3). We have attempted 
to determine its clinical significance by quantitating this 
11-201 lung activity in 39 patients with coronary artery 
disease and 10 normal subjects.$? Computer-determined 
T1-201 lung activity was expressed as a percent of 
maximal myocardial T1-201 activity for initial T1-201 
images. The mean lung/heart T1-201 ratio was 37.6 + 
2.9 percent (standard error of the mean) for normal 
patients, 45.5 + 3.6 percent for patients with single 
vessel coronary disease, and 53.5 + 2.1 percent for pa- 
tients with multivessel disease. When a lung/heart ratio 
more than 2 standard deviations above the normal mean 
was defined as abnormal, all patients with exercise- 
induced perfusion defects and an abnormal lung/heart 
ratio had coronary artery disease. Thus, the specificity 
of this combination of findings on T1-201 exercise im- 
ages is very positive for coronary artery disease. An in- 
creased T1-201 lung/heart ratio was found to correlate 
with an exercise-induced increase in simultaneously 
measured pulmonary capillary wedge pressure in seven 
patients."? Five additional patients had no increase in 
wedge pressure and a normal TI-201 lung/heart ratio. 
The increase in pulmonary capillary wedge pressure 
with the resultant increase in pulmonary blood volume 
may lead to an increase in capillary volume and thus 
capillary surface area. 'The increase in surface area may 
result in a larger net extraction of Tl-201 during its 
passage through the pulmonary circulation. 

* Observer variance: The interobserver variance in 
the subjective scoring of segmental T1-201 activity has 
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been determined in our laboratory using four inde- 
pendent observers. When segmental T]-201 scores 
were interpreted by an individual observer using a 
standard method using one set of criteria applied to all 
ventricular segments, the sensitivity was 77 percent and 
specificity 75 percent for coronary artery disease. When 
segmental T1-201 scores were interpreted using a set of 
criteria derived from the analysis of variance and indi- 
vidualized for each ventricular segment, the sensitivity 
and specificity increased to 85 percent (p <0.05) and 78 
percent (p = not significant), respectively. The diag- 
nostic accuracy of the T1-201 exercise test is signifi- 
cantly improved by accounting for the interobserver 
variance in the interpretation of images. Quantitation 
of 'T'1-201 activity on images also holds promise for re- 
ducing the error due to observer variance. Figure 4 
demonstrates one approach for the quantitation of 
myocardial T1-201 activity. Several groups of investi- 
gators are currently using similar approaches to quan- 
titation for the interpretation of T1-201 exercise 
tests.7?-7^ Quantitative approaches to the interpretation 
of T1-201 exercise test have been shown to be both 
sensitive and specific for coronary artery disease and 
may be of particular value in situations in which ob- 
servers are inexperienced. 

Tomographic imaging: Tomographic approaches 
to T1-201 myocardial imaging have been reported to 
improve the diagnostic accuracy of the T1-201 exercise 
test. Vogel et al.’? demonstrated a higher sensitivity 
without loss of specificity using the T1-201 exercise test 
with tomographic imaging compared with planar 
imaging. 

Imaging during coronary vasodilation: Albro and 
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FIGURE 5. Supine bicycle ergometer equipment for performing exer- 
cise radionuclide angiography. 


Gould and co-workers???79 have described myocardial 
imaging of T1-201 injected at rest and during coronary 
vasodilatation induced with intravenously administered 
dipyridamole. The technique is based on the fact that 
significant coronary stenoses that do not compromise 
blood flow at rest will compromise the hyperemic re- 
sponse of blood flow during coronary vasodilatation. 
'This group of investigators found images obtained after 
administration of dipyridamole to be equal to or better 
in quality than those obtained after exercise. The di- 
agnostic accuracy for coronary artery disease was the 
same for Tl-201 imaging after administration of dipy- 
ridamole and T1-201 exercise imaging. Francisco et al.”4 
also demonstrated a high accuracy using the dipyrida- 
mole approach combined with tomographic imaging 
using a tomographic collimator. This technique may 
reduce some of the risks inherent in exercise and may 
be particularly well suited to patients whose exercise 
capability is limited. 


Exercise Radionuclide Angiography 


Background 


In 1969 Mason et al.”” measured ventricular function 
by the bolus injection of a radiopharmaceutical and the 
rapid sequential visualization of the heart using a 
scintillation camera (first pass method). In the same 
year, Mullins et al.78 used an R wave triggered signal to 
obtain an end-diastolic blood pool image of the heart 
after the direct injection of tracer into the left ventricle. 
In 1971, Strauss and Zaret and co-workers??? used 
electrocardiographic gating to obtain end-diastolic and 
end-systolic equilibrium blood pool images of the heart, 
thus making calculation of ejection fraction and eval- 
uation of regional wall motion possible. Since that time, 
advances in computer technology and intrinsic gamma 
camera resolution have allowed acquisition at multiple 
points in the cardiac cycle, with real time cine display 
of the equilibrium blood pool data.5.5? In 1976 Borer 





^ E RE 


et al.9? described the use of supine exercise equilibrium 
radionuclide angiography for the detection of coronary 
artery disease. They demonstrated that patients with 
coronary artery disease are unable to increase their 
ejection fraction with maximal exercise and also exhibit 
new regional wall motion abnormalities with exercise. 


Exercise Imaging Procedure 


In our laboratory, patients are studied using the equilibrium 
blood pool technique. A description of the first pass technique 
can be found in the review by Ashburn et al.84 Patients are 
given 3 mg of stannous pyrophosphate intravenously, followed 
30 minutes later by 20 mCi of technetium-99m pertechnetate 
to complete the in vivo red blood cell label. Patients are then 
imaged at rest in the anterior projection, and then in the left 
anterior oblique projection which displays the interventricular 
septum with uniform thickness from top to bottom to maxi- 
mize separation between right and left ventricular blood pools 
(approximately 45? to 50? left anterior oblique). We use a high 
resolution parallel hole collimator and a conventional Anger 
scintillation camera with the pulse height analyzer set at 140 
keV with a 20 percent window. Multigated acquisitions are 
collected using a commercially available imaging computer 
system and an electrocardiographic physiologic synchronizer. 
After imaging at rest patients are exercised in the supine po- 
sition on a table with an attached bicycle ergometer, shoulder 
restraints and hand grips to minimize patient motion during 
exercise (Fig. 5). Exercise is initiated at a work load of 150 
kilopond meters/minute and is increased by 150 kilopond 
meters/minute every 3 minutes. Electrocardiographic leads 
are recorded at 3 minute intervals before increasing the work 
load. Selected leads are monitored continuously. Multigated 
equilibrium blood pool imaging is performed during the final 
2 minutes of each exercise period. Patients are exercised until 
symptoms, hypotension, arrhythmia or marked ST segment 
changes occur. 

Many factors in this outlined protocol are varied in dif- 
ferent laboratories including (1) type of gamma camera 
(single versus multicrystal), (2) type of approach (first pass 
versus gated equilibrium), (3) radiopharmaceutical, (4) ex- 
ercise position and equipment, and (5) exercise protocol. Many 
of these variables have been discussed*; some of them may 
have an effect on the accuracy of the approach. For example, 
the superior accuracy reported by Borer et al.8 may in part 
be related to the use of list mode acquisition used by that 
group compared with gated acquisition used by our group. List 
mode acquisition collects all data as they eccur along with the 
electrocardiogram. Gating is performed later on selected cycles 
with nearly uniform cycle lengths. Gated acquisition divides 
up the cardiac cycle before computer storage and variable 
cycle lengths may be superimposed. This superimposition may 
lead to reduced resolution and reliability of ejection fraction 
measurements especially with exercise when heart rate may 
be changing from initiation of image collection until its ter- 
mination. However, gated acquisition permits sequential 
evaluation of left ventricular function and wall motion not 
possible with the first pass technique. 


Interpretation of Exercise Radionuclide 
Angiographic Studies 


In our laboratory, blood pool images at rest and exercise are 
displayed side by side as endless loop movies. Wall motion is 
assessed qualitatively as follows: The ventricle is divided into 
anterolateral, apical and inferior walls on the anterior view, 
and septal, apicoinferior and posterior walls on the left ante- 
rior oblique view (Fig. 6). Regional wall motion is scored usilg 
a 5 point scale: three = normal, two = mild hypokinesia, one 
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— moderate to severe hypokinesia, zero — akinesia, and —one 
= dyskinesia. Half points in the grading system are used when 
an observer feels that the motion of a segment is intermediate 
between two grades. A decrease of one or more grades in re- 
gional wall motion score with exercise for any segment or a 
regional wall motion score of less than 1.5 for any segment at 
rest is considered evidence of coronary artery disease (Fig. 
7). 

Rest and exercise multigated blood pool image ejection 
fractions are calculated using a computer program with a 
variable region of interest. A box is positioned to encompass 
the left ventricle in the left anterior oblique end-diastolic 
frame. Beginning at the center, the program searches outward 
radially until a matrix point is less than a threshold percent 
of the peak left ventricular value. This threshold can be al- 
tered by the observer. In this manner the left ventricular edge 
is defined for each frame of the study. The program then 
calculates ejection fraction based on counts within the varying 
regions of interest minus background counts. However, many 
of the commercially available automatic edge detection sys- 
tems occasionally fail to recognize the left ventricular-left 
atrial border. Therefore, close supervision by the operator is 
required to generate an accurate ejection fraction. Failure of 
the ejection fraction to increase by at least 5 percent during 
exercise is considered evidence of coronary artery disease (Fig. 
7 and 8). Slutsky et al.°° demonstrated that the normal in- 
crease in ejection fraction with exercise is due primarily to a 
decrease in end-systolic volume, whereas the exercise-induced 
decrease in ejection fraction in patients with angina is due 
primarily to an increase in end-systolic volume. Patients with 
coronary artery disease who do not exhibit angina have no 
change in ejection fraction with exercise because there is no 
significant change in end-systolic volume. 


Clinical Experiences With Exercise 
Radionuclide Angiography 


Sensitivity and specificity: Table II summarizes the 
reported experience with exercise radionuclide angi- 
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FIGURE 7. Exercise radionuclide 
angiography study demonstrating 
normal ejection fraction (EF) re- 
sponse to exercise. ED — end-dia- 
stolic frame; ED-ES — end-diastolic 
frame with superimposition of 
end-systolic left ventricular blood 
pool outline; ES = end-systolic 
frame. 
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FIGURE 6. Segmented division of left ventricular blood pool for regional 
wall motion assessment. Al — apical-inferior segment; AL — antero- 
lateral segment; ANT — anterior view; AP — apical segment; INF — 
inferior segment; LAO = left anterior oblique view; POST = posterior 
segment; SEP — septal segment. 


ography for the detection of coronary artery disease in 
427 patients. A new regional wall motion abnormality 
induced by exercise had a sensitivity of 73 percent and 
a specificity of 100 percent for coronary artery disease. 
Failure to increase the left ventricular ejection fraction 
with exercise had a sensitivity of 87 percent and a 
specificity of 93 percent for coronary artery disease. 
When a new regional wall motion abnormality or a 
failure to increase ejection fraction was used as suffi- 
cient criterion for disease, exercise radionuclide angi- 
ography had an overall sensitivity of 87 percent and a 
specificity of 92 percent. When studies from Table II 
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that did not report exercise electrocardiographic data 
were excluded, exercise radionuclide angiography had 
a sensitivity of 90 percent and a specificity of 90 percent. 
'The electrocardiographic exercise test had a sensitivity 
of 64 percent and a specificity of 98 percent. Exercise 
radionuclide angiography was significantly more sen- 
sitive (p <0.0001) than the exercise electrocardiographic 
test when analyzed by chi squared analysis. The speci- 
ficity of the exercise electrocardiogram was not signif- 
icantly higher at 98 percent than that of exercise ra- 
dionuclide angiography at 90 percent. 


TABLE Il 
Reported Results of Blood Pool Angiographic Exercise Test 
Principal 
Investigator Patients RWM 
Year (location) Method (n) Sens 
1978  Rerych Erect first pass 60 24/30 
(Durham)?5 
1979  Borer Supine gated 84 59/63 
(Bethesda)!39 
1979 Berger Supine or erect 73 28/60 
(New Haven)? first pass 
1979  Jengo Erect first pass 19 11/11 
(Torrance) '4° 
1979 Caldwell Supine + erect 39 — 
(Seattle) 195 gated 
1979 Borer Supine gated 53 — 
(Bethesda) !36 
1979  Verani Supine gated 38 — 
(Houston) '?7 
1980  Kirshenbaum Supine gated 61 — 
(Boston) '9® 
Total 427 122/164 
0.73 


* Includes four patients with abnormalities at rest only. 
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FIGURE 8. Exercise radionuclide an- 
giography study demonstrating abnor- 
mal ejection fraction (EF) response to 
exercise. Abbreviations as in Figure 
7. 


The higher sensitivity of exercise radionuclide angi- 
ography compared with electrocardiographic exercise 
testing is most likely due to the fact that electrical 
changes occur at a higher ischemic threshold than 
contractile changes. Scheuer and Brachfeld®® have 
shown that contractile changes do precede electrical 
changes in the ischemic myocardium. Using serial ex- 
ercise radionuclide imaging, Upton et al.57 have dem- 
onstrated that ejection fraction changes precede elec- 
trocardiographic changes in patients with coronary 
artery disease.9? 


EF RWM + EF ° Ex ECG 
Spec Sens Spec Sens Spec Sens Spec 
-—- 29/30 27/30 29/30 27/30 23/30 — 
21/21 56/63 21/21 60/63 21/21 43/63 20/21 
13/13 44/60 13/13 52*/60 13/13 33/60 13/13 
8/8 11/11 8/8 11/11 8/8 7/11 — 
-— 31/33 4/6 — — -— — 
"d ok — 40/43 10/10 — sa 
ates = n> (1424 16/17 = pe 
— — — 38/50 6/11 32/50 11/11 
42/42 171/197 73/78 241/276 101/110 138/214 44/45 
1.00 0.87 0.93 0.87 0.92 0.64 0.98 


failure to increase ejection fraction by 5 percent with exercise; Ex ECG = abnormal exercise electrocardiogram; RWM = exercise-induced 
regional wall motion abnormality; Sens = sensitivity; Spec = specificity; — = data not reported. 
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Factors influencing sensitivity of radionuclide 
angiography: The effects of propranolol on the diag- 
nostic accuracy of exercise radionuclide angiography for 
coronary artery disease have been debated. Although 
several investigators8®-20 demonstrated no difference 
in diagnostic accuracy in patients receiving or not re- 
ceiving propranolol, other investigators?!9? reported a 
propranolol-induced amelioration of exercise-induced 
left ventricular dysfunction in patients with coronary 
artery disease. Such an effect would tend to reduce the 
sensitivity of the test for coronary disease. The speci- 
ficity of exercise radionuclide angiography for coronary 
artery disease may also be reduced in patients taking 
propranolol.?29? This effect appears to be due to a re- 
duction in heart work at peak stress, because no 
blunting of the normal ejection fraction response to 
exercise was found when patients reached comparable 
heart rates with and without propranolol.” 

Factors that increase the sensitivity of exercise ra- 
dionuclide angiography for coronary disease include 
(1) increasing levels of stress,9? (2) the presence of 
electrocardiographic evidence of ischemia,9?? (3) left 
main coronary arterial stenosis, and an increased 
number of diseased vessels.’ Factors that may decrease 
the sensitivity of the test include (1) treatment with 
nitrates,’ (2) depressed ejection fraction at rest,28 and 
(3) coronary arterial collateralization.9? Nitroglycerine 
may also decrease the sensitivity of exercise radionu- 
clide angiography for coronary artery disease.!00 

Other factors inducing abnormal response to 
exercise: While discussing specificity, it is important 
to remember that exercise radionuclide angiography is 
not specific for coronary artery disease. An abnormal 
ejection fraction response to exercise would be expected 
in any condition in which there is reduced left ventric- 
ular reserve such as volume or pressure overload states 
and states of decreased left ventricular compliance, as 
well as ischemic states. Abnormal ejection fraction re- 
sponses to exercise have been reported in patients with 
aortic stenosis,!?! aortic regurgitation,!? mitral regur- 
gitation,!9? mitral valve prolapse,!4 idiopathic hyper- 
trophic subaortic stenosis,!?^ chronic obstructive pul- 
monary disease,!°§ beta thalassemia and chronic iron 
overload!” and cystic fibrosis. 18 

Only studies using dynamic exercise stress were in- 
cluded in Table II. Other studies have used other forms 
of stress such as pacing, cold!?? and isometric hand- 
grip.?? A decreased sensitivity for coronary artery dis- 
ease using isometric handgrip stress compared with 
dynamic exercise was found in one study! !? but not in 
a second study.!!! Isometric handgrip stress and first 
pass radionuclide angiography were found to have a 
sensitivity of 86 percent and a specificity of 87 percent 
for coronary artery disease.!!? 

Interobserver variance: We!!? have recently re- 
ported the interobserver variance in determining an 
exercise-induced change in regional wall motion by ra- 
dionuclide angiography. Only exercise-induced changes 
in ejection fraction that exceed the values for interob- 
server variance can be considered significant (Fig. 9). 
With regard to the left anterior oblique segments that 
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FIGURE 9. Interobserver variance for an exercise-induced change in 
regional wall motion as assessed by radionuclide angiography, ex- 
pressed as +2 standard deviations (S.D.) (five point scoring system). 
Left ventricular walls are septal (SEP), apical-inferior (Al) and posterior 
(POST). (Reprinted from Okada et al. 11° by permission of the American 
Heart Association, Inc.) 


are visualized during exercise, interobserver variance 
was significantly increased for the septal and apical- 
inferior segments compared with the posterior segment 
(p <0.01). We!!? have also reported the interobserver 
variance (two standard deviations = 11.4 percent) and 
the intraobserver variance (two standard deviations = 
11.0 percent) in the quantitation of an exercise-induced 
change in ejection fraction. We found that the observer 
variance can be significantly reduced (two standard 
deviations = 4.6 percent) (p <0.05) by comparing av- 
eraged ejection fractions derived from at least two 
separate determinations for both the rest and the ex- 
ercise radionuclide angiograms. Interpretation based 
on criteria derived from observer variance analysis 
should improve the specificity of the exercise radionu- 
clide test for coronary artery disease. We recommend 
that each institution determine this variance for best 
diagnostic reliability. 


Other Considerations 


Pulmonary volume ratio: We have recently re- 
ported*? that the sensitivity of exercise radionuclide 
angiography can be significantly improved without 
changing the specificity by determining the ratio of 
pulmonary blood pool activity (pulmonary blood vol- 
ume) at rest compared with that during exercise. The 
pulmonary blood volume ratio was determined by 
placing a computer-generated region of interest over the 
left lung in the rest and exercise left anterior oblique 
end-diastolic frames (Fig. 10). The pulmonary blood 
volume ratio was determined by dividing the counts 
obtained during exercise by the counts obtained at rest 
corrected for differences in acquisition times for the two 
studies. Exercise radionuclide angiography had a sen- 
sitivity for coronary artery disease of 64 percent before 
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FIGURE 10. End-diastolic frames for radionuclide angiograms in the 
left anterior oblique projection at rest (top) and during exercise (bottom). 
The regions of interest for the determination of the pulmonary blood 
volume ratio are included. The ratio of pulmonary blood volume during 
exercise compared with that at rest was 1.16 in this patient with cor- 
onary artery disease. (Reprinted from Okada et al.9? by permission of 
The New England Journal of Medicine.) 


the additional criterion of a pulmonary blood volume 
ratio of 1.06 or more, and 90 percent when this criterion 
was included (p <0.005). There was no change in spec- 
ificity using this ratio. Also, the ratio was insensitive for 
isolated proximal right coronary arterial stenosis, pos- 
sibly because of protection of pulmonary blood volume 
by right ventricular dysfunction or because left ven- 
tricular involvement was less in such patients. 
Current developments: Two developments in in- 
strumentation may ultimately improve the diagnostic 
accuracy of exercise radionuclide angiography. A bifocal 
diverging collimator has been developed that allows 
simultaneous biplane imaging of the heart during 
equilibrium radionuclide angiography (Fig. 11).!!^ Good 
correlation was noted between biplane and single plane 
determined regional wall motion and ejection fraction. 
Imaging in two planes during exercise may allow de- 
tection of regional wall motion abnormalities present 
in the anterior projection. The second advance in in- 





FIGURE 11. Gated blood pool images obtained in the same patient with 
(1) a single plane collimator in the anterior (ANT) and left anterior oblique 
projections (LAO), and (2) a bifocal (BIF) collimator. ED = end-diastolic; 
ES = end-systolic. (Reprinted from Boucher et al.''* by permission of 
the Journal of Nuclear Medicine.) 


strumentation is the development of tomographic 
techniques for blood pool imaging.!!?:116 Tomography 
during exercise may detect localized areas of asynergy 
not apparent on planar imaging. 


Exercise Myocardial Thallium Imaging Versus 
Exercise Radionuclide Angiography 


This review discusses two approaches to the diag- 
nostic evaluation of patients with coronary artery dis- 
ease. The T1-201 approach relies on ‘detection of inho- 
mogeneities in radionuclide uptake by the myocardium 
due to relatively reduced perfusion or inability of scar 
to concentrate the agent. Exercise radionuclide angi- 
ography relies on detection of a deterioration in regional 
function or an absence of an appropriate increase in 
ejection fraction during exercise. 


Comparative Sensitivity and Specificity 


Table III summarizes the results of studies that have 
compared the diagnostic accuracies of exercise T1-201 
myocardial imaging and exercise radionuclide angiog- 
raphy in 315 patients evaluated for coronary artery 
disease. 'The T1-201 exercise test had a sensitivity of 82 
percent and a specificity of 95 percent for coronary ar- 
tery disease. The exercise radionuclide angiogram had 
a sensitivity of 82 percent and a specificity of 84 percent. 
Although the sensitivities for the two techniques were 
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TABLE Ill 
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Reported Results of Thallium-201 Versus Blood Pool Exercise Test 
Principal 
Investigator Patients TI-201 Blood Pool 

Year (location) (n) Sens Spec Sens Spec 

1978 Johnstone (New Haven)'?! 33 18/26 7/7 20/26 7/7 

1979 Caldwell (Seattle)!?5 39 30/33 6/6 31/33 4/6 

1979 Borer (Bethesda) '?6 53 35/43 9/10 40/43 10/10 

1979 Massie (San Francisco) '4! 16 8/10 6/6 10/10 6/6 

1979 Verani (Houston) '9” 38 17/21 17/17 11/21 16/17 

1979 Kirshenbaum (Boston) '%® 61 43/50 10/11 38/50 6/11 

1979 Bodenheimer (Philadelphia)?? 75 46/56 17/19 46/56* 15/19* 

Totals 315 197/239 72/76 196/239 64/76 
0.82 0.95 0.82 0.84 





* Handgrip exercise. 


Blood Pool = exercise radionuclide angiography; Sens = sensitivity; Spec = specificity. 


identical, the specificity of the exercise radionuclide 
angiogram was significantly lower than that of the ex- 
ercise T1-201 image (p «0.05 by chi squared analysis). 
The lower specificity of the exercise radionuclide an- 
giogram can be explained by the large number of con- 
ditions listed previously that can cause an abnormal 
ejection fraction response to exercise other than isch- 
emia. These conditions include volume overload, pres- 
sure overload and restrictive and congestive states. In 
contrast, transient and localized persistent defects on 
exercise T1-201 images are comparatively specific for 
an ischemic condition. 

Although Table III includes one study that utilized 
isometric handgrip stress, the results were not signifi- 
cantly different when this study was excluded. The 
T1-201 exercise test had a sensitivity of 83 percent and 
a specificity of 96 percent. The exercise radionuclide 
angiogram had a sensitivity of 82 percent and a speci- 
ficity of 86 percent. 


Rationale for the Combined Use of Exercise Thallium- 
201 Imaging and Exercise Radionuclide Angiography 


The pathogenesis of ischemic heart disease and its 
consequences should be reviewed briefly. First, when 
disease is minimal, its only clinical evidence might be 
small insignificané plaques demonstrable only by cor- 
onary angiography. Under these circumstances flow can 
increase during maximal demand without impediment. 
As the disease progresses and plaques enlarge, a point 
is reached where the ability of a given artery to accom- 
modate an increase in flow during a maximal stress 
becomes mildly to moderately limited. In other words, 
flow through nondiseased or less diseased arterial seg- 
ments increases appropriately for the demand whereas 
flow through the segment under discussion is somewhat 
less. If our ability to detect perfusion inhomogeneities 
were exquisitely sensitive, the perfusion imaging ap- 
proach would provide the earliest means of detecting 
coronary artery disease. The fact that many patients 
with subcritical stenosis angiographically have a positive 
1-201 exercise test lends support to the sensitivity of 
the perfusion scanning approach for detecting early 
disease.”° 

As the disease progresses, further limitation of flow 
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with increased demand will lead to an end organ re- 
sponse to this perfusion versus demand imbalance. The 
most sensitive indicator of this imbalance is reduction 
in mechanical function of the myocardium. Some in- 
vestigators!!? have suggested that it is diastolic function 
that deteriorates before systolic function. A study*? 
showing a rise in pulmonary blood volume with exercise 
as being a more sensitive indicator of ischemia than 
change in ejection fraction supports this premise to 
some extent. The increase in pulmonary blood volume 
without a decrease in ejection fraction suggests earlier 
deterioration of diastolic left ventricular function. Of 
course systolic function also is sensitive to reduction in 
perfusion.!18 Even small reductions in flow can lead to 
subtle decreases in regional left ventricular function as 
sensitively measured by sonomicrometer crystals. 

Nuclear imaging versus electrocardiogram: 
Advanced disease leads to ischemic electrocardiographic 
changes and finally angina pectoris with maximally 
increased demand. The lower sensitivity of the elec- 
trocardiogram and angina pectoris as compared with 
either T1-201 or radionuclide angiographic approaches 
is consistent with these observations. Scheuer and 
Brachfeld® found that contractile changes do precede 
electrical changes in the ischemic myocardium, pro- 
viding further rationale for the increased sensitivity of 
functional changes over electrocardiographic changes 
in the clinical setting. 

Thus, both exercise T1-201 imaging and exercise ra- 
dionuclide angiography should be more sensitive for 
coronary artery disease than the exercise electrocardi- 
ogram. Exercise T1-201 imaging that detects the per- 
fusion imbalance which initiates functional ischemia 
should, in theory, be a more sensitive approach for de- 
tecting coronary artery disease than exercise radionu- 
clide angiography, which detects functional alterations 
resulting from ischemia. In addition, the use of dipy- 
ridamole and T1-201 provides an approach to detection 
of disease without necessarily inducing functional 
ischemia. However, because both the detection of per- 
fusion abnormalities and the assessment of their 
functional consequences are important, access to both 
of these exercise radionuclide techniques is most de- 
sirable. 
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TABLE IV 


Jd 


` Relative Strengths and Weaknesses of Exercise TI-201 Imaging and Exercise Radionuclide Angiography 


Exercise TI-201 Imaging 


Exercise Radionuclide Angiography 





Strengths 
1. No definite need for computer 
2. Detects ischemia which may precede wall motion abnormality 


3. Can be performed in conjunction with routine treadmill exercise 
electrocardiogram 
4. May be more specific for coronary artery disease 


Weaknesses 
1. TI-201 must be acquired commercially within several days of 
scheduled test 
2. TI-201 is expensive compared with technetium 
3. Expertise is needed for qualitative interpretation 
4. Functional consequences of perfusion abnormality unknown 


Recommendations for the Combined Use of Exercise 
Thallium-201 Imaging and Exercise 
Radionuclide Angiography 


Factors determining which diagnostic procedure 
to do first: Although Table III demonstrates a higher 
specificity for coronary artery disease when exercise 
T1-201 imaging is performed compared with the results 


CLINICAL APPROACH TO DETECTION OF CAD 


HISTORY 


Inconclusive 
Classic Angina or Prior MI 


REST ECG 
(ST-T wave) 
















Normal 
Abnormal" 


ECG EXERCISE TEST 


Negative 
Equivocal 
<85% Positive 
t No Classic Angina 
Classic Angina 


>85% 


EXERCISE TI-201 IMAGES 


Negative 
Equivocal 
Positive 


EXERCISE RADIONUCLIDE ANGIOGRAPHY 


Negative Functional 
Equivocal Assessment 


Positive 
CAD UNLIKELY CAD POSSIBLE CAD LIKELY 


FIGURE 12. Flow chart describing a clinical approach to the detection 
of coronary artery disease (CAD). See text for discussion. ECG = 
electrocardiogram; MI = myocardial infarction; TI-201 = thallium- 


201. 
* Includes pathologic Q waves in electrocardiogram at rest. 


t |f the patient fails to achieve 85 percent or greater predicted 
maximal heart rate and if the electrocardiographic response to exercise 
is negative, then exercise TI-201 imaging is performed. 





> coc Na 


Weaknesses 
. Definite need for computer 
. Detects abnormal left ventricular systolic function which occurs 


after ischemia has occurred 


. Need special supine exercise table with bicycle ergometer and 


gating device 


. May be less specific for coronary artery disease 


Strengths 
1. Technetium is generator-produced and readily available 


2. Technetium is inexpensive compared with TI-201 
3. Ejection fraction calculation is semiautomated 
4. Detects functional consequences of ischemia 


of exercise radionuclide angiography, the number of 
control patients is small. Thus, in deciding which of 
these two approaches to perform first to detect coronary 
disease one must consider other factors in addition to 
relative diagnostic accuracies. Many of these factors are 
listed in Table IV, which compares the strengths and 
weaknesses of the two radionuclide techniques: (1) 
Considerable experience is necessary for accurate 
qualitative interpretation of exercise T1-201 images and 
regional wall motion on gated blood pool studies. Ex- 
ercise radionuclide angiography requires less experience 
because the ejection fraction determinations are semi- 
automated. (2) An exercise treadmill is available in most 
institutions, whereas a supine exercise table and bicycle 
ergometer are not as commonly available. (3) Relative 
costs for performing the two exercise radionuclide 
procedures may differ between institutions. The cost 
of the T1-201 test is higher than that of technetium-99m, 
although the cost of processing the data is higher using 
the gated or first pass angiographic studies. (4) T1-201 
has a relatively short half-life and must be acquired 
within several days before the exercise test. The tem- 
poral availability of 'T1-201 may differ depending on the 
geographic location of the institution. 
Recommended protocol: Figure 12 presents the 
scheme used frequently at our institution for the non- 
invasive evaluation of the patient presenting with chest 
pain. The presence of typical angina by itself is quite 
specific for coronary artery disease. We use the T1-201 
exercise test diagnostically before exercise radionuclide 
angiography because of its lower cost and higher spec- 
ificity for coronary artery disease at our institution. If 
the diagnosis is still unclear after the T1-201 exercise 
test, or if the diagnosis of coronary artery disease is clear 
but functional information is desired, then exercise 
radionuclide angiography is performed. Exercise ra- 
dionuclide angiography may also have value in assessing 
the effects of coronary bypass graft surgery!!? and in 
evaluating patients after myocardial infarction.!?9 
We currently recommend that exercise Tl-201 
imaging be performed in patients whose resting elec- 
trocardiogram is abnormal, or whose electrocardio- 
graphic exercise test is either (1) equivocal, (2) positive 
without classic angina pectoris, (3) positive in a young 


1200 December 18, 1980 The American Journal of CARDIOLOGY Volume 46 


woman or (4) negative with an inadequate heart rate 
response to exercise. In these patients we recommend 
discontinuing propranolol if possible before proceeding 
with exercise T1-201 imaging. 


Summary 


Both exercise T1-201 imaging and exercise radionu- 
clide angiography improve the sensitivity and specificity 
for coronary artery disease over that of electrocardio- 
graphic exercise testing alone. Both techniques also 
offer information regarding the functional consequences 
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of coronary artery disease. Access to both approaches 
is most desirable because each has an important role in 
the evaluation of patients with possible coronary artery 
disease. 
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Two dimensional echocardiography is just beginning to be used to char- 
acterize cardiac damage in patients with acute myocardial infarction. The 
two dimensional approach allows for a more comprehensive evaluation 
of cardiac anatomy and is able to detect with high sensitivity changes in 
regional wall motion that previously were sometimes missed or only found 
with difficulty using M mode echocardiography. Two dimensional echo- 
cardiography appears to offer a basis for quantifying the extent of myo- 
cardial damage in acute myocardial infarction and thus may permit ob- 
jective assessment of therapeutic modalities and prognosis. In addition, 
the technique facilitates recognition of specific complications in acute 
myocardial infarction. In particular, the technique offers the ability to 
distinguish true from false ventricular aneurysm, postinfarction ventricular 
septal defect from papillary muscle dysfunction and rupture, and right 
ventricular infarction from cardiac tamponade. 


By its nature clinical coronary artery disease is a process that impairs 
coronary blood flow in one or more segments of the coronary arterial tree. 
When coronary flow is reduced to a point inadequate to meet the de- 
mands of metabolism in a given area of the heart, tissue ischemia leads 
to regional myocardial dysfunction. Experimental and clinical charac- 
terization of the regional myocardial dysfunction, which occurs in cor- 
onary artery disease, has been the subject of continued investigation over 
the past half century. This review will outline some of the experimental 
background pertaining to regional myocardial dysfunction in coronary 
artery disease and will describe in detail observations made during the 
past decade using both M mode and two dimensional echocardiography 
in patients with acute and remote myocardial infarction. 


Observations in Experimental Animals 


Over the past five decades a number of acute animal experiments using 
differing techniques have shown abnormalities of regional contraction 
to occur in the distribution of an acutely ligated coronary artery shortly 
after its occlusion. Most frequently cited are the original studies of 
Tennant and Wiggers! in which epicardial myographic recordings 
showed within seconds after coronary occlusion new systolic aneurysmal 
bulging of the acutely ischemic distal area. 

M mode echocardiography in experimental coronary occlusion: 
During the past 10 years, ultrasonic methods have been used to study 
the effects of acute and sustained ischemia further. Appreciation of re- 
gional contraction abnormalities within, rather than on the surface of 
the heart has been possible by implanting ultrasonic sonomicrometers 
in pairs in control subendocardial regions preserved from and in test 
areas subjected to experimental ischemia.2 Conventional single crystal 
M mode echocardiograms have also been used to study endocardial 
motion during induced acute ischemia either by placing the transducer 
on the wall of the closed chest dog or more commonly on the surface of 
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TABLE | 
. Regional Wall Motion Abnormalities Detected in 
Experimental Animals With Ultrasonic Techniques 


Ischemic or Injured Area 
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Abnormal bulging during isovolumic systole 
Decreased amplitude of motion during systolic ejection 
Decreased velocity of motion during systolic ejection 
Impaired systolic wall thickening 


Jt, Ee EE ee Ee Ic ENT 
Normally Perfused Area 
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Compensatory hyperactivity in healthy remote areas 
Transitional wall motion abnormalities in adjacent areas 





the heart of the open chest dog. By passing the ultra- 
sonic beam through the interventricular septum and left 
ventricular posterior wall, the behavior of opposite sides 
of the heart can be observed when one or the other wall 
is made ischemic.?^ 

Abnormalities of contraction as seen in the 
transmyocardial view rendered by M mode echocardi- 
ography are also apparent within seconds after experi- 
mental coronary occlusion. During isovolumic systole 
there is aneurysmal bulging of the ischemic segment 
away from the center of the left ventricular cavity; 
during the ejection phase of systole the amplitude and 
velocity of motion of the ischemic wall are reduced 
compared with control values; the wall fails to thicken 
and may even be observed to become thinner. Regions 
adjacent to the ischemic area can show transitional 
forms of motion abnormalities between normal and 
ischemic regions. Often remote regions, particularly the 
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opposite wall, will show compensatory hyperactivity; 
that is, the septum will show increased velocity and 
amplitude of motion when the posterior wall is ischemic 
and the posterior wall will show similar changes when 
the septum is ischemic. The abnormalities of left ven- 
tricular wall motion commonly detected with echocar- 
diography in acute animal experiments are recapitu- 
lated in Table I. 

Two dimensional echocardiography in acute 
myocardial infarction: This method is beginning to 
be used to observe the effects of acute myocardial in- 
farction in closed chest dogs. The two dimensional 
technique enables the investigator to examine the ex- 
tent of abnormal wall motion associated with acute 
coronary occlusion; in one recent study the amount of 
wall motion abnormality correlated with infarct size 
determined with technetium pyrophosphate scintig- 
raphy. Wall motion abnormalities have also been 
positively correlated with peak rise in serum creatine 
kinase values.9 

Attention is also being paid to analysis of changes in 
A mode echocardiographic signals backscattered from 
the acutely ischemic myocardium. Acute ischemia and 
injury increase the amplitude and change the frequency 
distribution of backscattered signals; computer-aided 
signal analysis can distinguish such evidence of injury 
from normal myocardium.?^? Using two dimensional 
echocardiography, Kisslo et al.? reported a qualitatively 
echo-dense “speckle” pattern appearing in acutely in- 
farcted canine myocardial walls. These hard echoes 
appear in the first few days of infarction and perhaps 
represent an evolution of the increased amplitude A 
mode signals seen shortly after acute coronary liga- 
tion. 
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FIGURE 1. M mode echocardio- 
grams from normal patient (A), pa- 
tient with acute inferoposterior 
myocardial infarction (B) and patient 
with remote anteroseptal myocar- 
dial infarction (C). The amplitude of 
left ventricular posterior wall motion 
and its systolic thickening are di- 
minished in the patient with acute 
infarction (B). Also, there is hyper- 
activity of the interventricular sep- 
tum which can be conceptualized 
as compensating for the poor pos- 
terior wall motion. In the patient with 
remote anterior infarction (C) the 
same features affecting the inter- 
ventricular septum are evident. In 
addition, the septum is relatively 
echo-dense compared with the 
posterior wall and is thin in diastole 
(approximately 6 mm). 
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Clinical Observations 


M Mode Echocardiography 


One of the earlier observations made with M mode 
echocardiography in a patient with acute myocardial 
ischemia is directly analogous to the results of the ani- 
mal experiments cited. These occurred in a patient with 
Prinzmetal’s angina who had angiographically docu- 
mented coronary arterial spasm but no fixed obstruc- 
tions in the distribution of the left anterior descending 
coronary artery.!° This patient had a striking loss of the 
amplitude of systolic septal motion during ischemic 
episodes characterized by chest pain and associated 
with S-T segment elevation and T wave peaking in mid 
precordial electrocardiographic leads. The amplitude 
of septal motion returned to normal as the clinical epi- 
sodes abated and electrocardiographic manifestations 
of the ischemic process resolved. This observation un- 
derscores the appropriateness of the animal models 
discussed because comparable regional myocardial 
dysfunction is seen with clinical episodes of ischemic 
pain and the changes appear immediately with evidence 
of onset of the ischemic process. 

Abnormal left ventricular wall motion: Several 
systematic studies performed in patients admitted to 
coronary care units with the diagnosis of acute myo- 
cardial infarction have further confirmed the observa- 
tion that impaired amplitude of wall motion is a finding 
highly associated with regional myocardial damage. A 
typical example is shown in Figure 1. In a series of 64 
patients with acute transmural myocardial infarction, 
Corya et al.!! reported abnormal left ventricular wall 
motion in the echocardiogram corresponding to the 
electrocardiographic site of infarction in 84 percent of 
the group. Thirty percent of these patients had exag- 
gerated motion in noninfarcted areas, an observation 
consistent with the compensatory hyperactivity noted 
in the animal experiments cited. Table II summarizes 
the echocardiographic measurements of the amplitude 
of motion compared with the normal range in those 
patients in the series of Corya et al.!! with well localized 
anterior and inferior myocardial infarction. 

Detection of wall motion abnormalities with M mode 
echocardiography is critically dependent on traversing 
the abnormally contracting myocardial segment with 
the echographic beam. Because some myocardial in- 
farcts are not necessarily in the path of the standard M 
mode study, further techniques have been developed 
with this study and successfully used particularly to 
detect abnormal anterior wall motion in patients with 
anterior infarction. These techniques usually involve 
further lateral exploration of the left precordium at 
multiple sites in a search for a “window” through which 
the anterior left ventricular wall can be directly imaged. 
When this approach!” is used, absent or paradoxical 
anterior left ventricular wall motion is a frequent 
finding in patients with anterior infarction, whereas 
anterior wall motion abnormalities are rarely seen in 
patients with inferior infarction. 

Dynamic changes in wall thickness: Because ab- 
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TABLE Il 
Wall Motion Amplitude in Normal Subjects and Patients . 
With Acute Myocardial Infarction* 





Site of Infarction 





Normal Anterior Inferior 

Septal amplitude 

Range (cm) 0.3-0.8 0-0.6 0-2.0 

Mean 0.63 0.08 0.81 

% decreased — 8096 3 96 

% increased — 0% 39% 
Posterior wall amplitude 

Range (cm) 0.8- 1.6 0.8-2.1 0-1.7 

Mean 1.29 1.40 0.66 

% decreased — 0% 57% 

% increased — 16% 7% 


* Adapted from Corya et al. 1! 


normalities of wall motion, particularly of the inter- 
ventricular septum, are nonspecific findings and occur 
in patients with other conditions, notably right ven- 
tricular volume overload and chronic cardiomyopathy, 
closer scrutiny has been devoted to other local proper- 
ties of the myocardium in the affected region in patients 
with acute infarction. In this regard, dynamic changes 
in wall thickness in transition from diastole to systole 
have received a great deal of attention as a manifesta- 
tion of impaired regional function in contraction caused 
by myocardial ischemia. In a series of 40 patients with 
acute myocardial infarction (composed of equal num- 
bers with anterior and inferior infarcts),!? 18 of the 20 
with an anterior infarct had abnormally decreased 
septal systolic thickening, 19 had abnormally decreased 
septal motion and 18 had both decreased septal thick- 
ening and abnormal wall motion. Interestingly, 11 of 
these patients had systolic septal thinning. Of the 20 
patients with inferior infarction, 65 percent had ab- 
normally decreased posterior wall thickening, 18 ab- 
normally decreased posterior wall motion and 13 both 
the thickening and motion abnormalities. Systolic 
thinning of the posterior wall was infrequently recorded, 
being seen in only one patient. Abnormalities of wall 
motion and systolic thickening can be seen, although 
less frequently, in patients with chronic coronary artery 
disease, particularly if there has been an antecedent 
myocardial infarction. However, systolic thinning is 
highly suggestive of acute injury since it is an unusual 
finding outside of the setting of acute myocardial in- 
farction. 

Changes in myocardial scarring: Further obser- 
vations have resulted in the emergence of criteria that 
identify myocardial scar tissue as a residual of previous 
myocardial infarction. In a series of 182 patients Ras- 
mussen et al.!4 showed that scar tissue was very likely 
to be present if (1) the myocardium was less than 7 mm 
thick in diastole and more echo-producing than the 
adjacent or opposing wall, or (2) an area of myocardium 
was 30 percent less thick than an adjacent area in the 
same scan (Fig. 1C). These observations were confirmed 
in all instances by surgical observations and in 34 cases 
by histologic examination of either autopsy or surgical 
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Day | Day 3 Day 7 


Day II Day 21 


FIGURE 2. Epicardial and endocardial diastolic outlines of short axis 
views of the left ventricle at the level of the papillary muscles in a patient 
with an acute transmural anterior infarction and evidence of infarct 
expansion over the course of serial studies. The development of re- 
gional dilatation and thinning in the infarcted areas is apparent from the 
tracing of day 7. (Reprinted by permission, from Eaton et al. 17) 


resection specimens. Ninety percent of these patients 
had a clinical history of antecedent myocardial infarc- 
tion and most had consistent electrocardiographic 
findings as well. 


Two Dimensional Echocardiography 


Acute myocardial infarction: Two dimensional 
echocardiography offers the ability to evaluate regional 
abnormalities of myocardial motion with much greater 
facility than M mode examination since the field of the 
examination is not restricted to the narrow M mode 
beam and the spatial orientation of the tomographic 
sections can be appreciated. As early as 1977 Kisslo et 
al.!? reported that two dimensional echocardiograms 
lent themselves as readily to qualitative examination 
of regional wall motion abnormalities as did left ven- 
tricular cineangiograms. More recently several observers 
have looked specifically at two dimensional echocardi- 
ography for its ability to detect wall motion abnor- 
malities that are associated with acute myocardial in- 
farction. Most observers have depended on one or more 
short axis views that allow evaluation of departures from 
the normally concentric contraction of the left ventricle 
around its perimeter. Heger et al.!6 devised a nine seg- 
ment subdivision of the left ventricle that included 
anterior, medial, posterior and lateral quadrants at the 
mitral and papillary muscle levels and an apical segment 
recorded by placing the transducer directly over the 
apex and obtaining a long axis scan. Complete studies, 
allowing evaluation of these nine segments, was ac- 
complished in 37 of 44 attempts. Nineteen of 20 patients 
with inferior infarction had asynergy in posterior seg- 
ments, 14 patients with anterior infarction had asynergy 
in anterior segments and 3 patients with both anterior 
and inferior infarction had appropriately localized wall 
motion abnormalities. In four patients pathologic lo- 


«MW 

"OPEP 
Cei LACK 

OLLI 
"iM AU 

. . . 
Pie eens «CDS. eee ee 
PCE OPER, 05 COR Pie H 







ARS 


mW. My 
7 
Reo ph, | vA at a 
















— —— end diastole 
RT ME end systole 


FIGURE 3. Schematic drawing illustrating short axis views of the left 
ventricle obtained with two dimensional echocardiography. The insert 
shows diastolic and systolic outlines of the left ventricle at either level 
as a pair of outlines that approximate concentric circles. The axis 
system used for analysis is superimposed. Regional function of the left 
ventricle can be characterized with use of either segmental areas or 
chords (see text). A = anterior; AL = anterolateral; AS = anteroseptal; 
L = lateral; P = posterior; PL = posterolateral; PS = posteroseptal; 
S = septal. 


calization of infarction corresponded to the asynergic 
areas detected on two dimensional echocardiography, 
thus confirming that this technique is a reliable method 
of detecting and localizing regional contraction abnor- 
malities that occur in acute myocardial infarction. 
Eaton et al!" performed serial two dimensional 
echocardiographic examinations in 28 patients during 
the first 2 weeks after myocardial infarction. Diastolic 
short axis two dimensional echocardiograms at the level 
of the papillary muscle tips were evaluated serially in 
this study in patients whose first echocardiogram had 
been obtained within 60 hours of the acute event. En- 
docardial and epicardial outlines were traced; segment 
lengths and wall thickness were calculated using a 
computer-aided semiautomated contouring system. 
Eight of the patients showed evidence of infarct ex- 
pansion with disproportionate transmural thinning of 
the infarcted zone and associated left ventricular dila- 
tation, whereas the remaining 20 patients had no evi- 
dence of these findings. Patients with anterior and an- 
teroseptal infarction seemed particularly prone to in- 
farct expansion (Fig. 2). At 8 weeks after infarction 4 of 
the 8 patients who showed infarct expansion had died, 
whereas all 20 patients without infarct expansion were 
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living. On the basis of this study these investigators 
contended that infarct expansion, rather than further 
extension of the ischemic process with further necrosis 
of myocardial tissue, might play a more important role 
than had previously been appreciated in patients sur- 
viving acute myocardial infarction. This study dem- 
onstrates that two dimensional echocardiography can 
be used as an indicator of topographic changes that 
occur in the evolution of an acute myocardial infarction 
and may have considerable clinical importance, not only 
in assessing survival but potentially in assessing inter- 
ventions that may influence survival of such patients. 

Remote myocardial infarction: Using a com- 

puter-aided approach in our laboratory, we!8!9 have 
also been interested with the ability of two-dimensional 
echocardiography to define and quantify regional wall 
motion abnormalities. We obtained cross-sectional 
short axis views of the left ventricle in a series of normal 
volunteers, patients with coronary artery disease 
without remote myocardial infarction as well as patients 
with a prior myocardial infarction confirmed by ab- 
normal Q waves in the electrocardiogram. End-diastolic 
short axis outlines of the ventricle at both mitral valve 
and papillary muscle levels were traced with a light pen 
digitizing system using the onset of the electrocardio- 
graphic QRS complex as a marker of end-diastole. 
Similarly, end-systolic frames were traced using the first 
nigh frequency component of the second heart sound 
as an indicator of end systole. At each tomographic level 
‘he mid point of the interventricular septum on the left 
ventricular endocardial surface was identified by the 
»bserver. From this starting point an initial axis (Fig. 
3, axis SL) was constructed using a computer algorithm 
© that point on the lateral left ventricular wall that 
lowed the diastolic image to be divided into anterior 
ind posterior halves of equal area. The mid point of this 
nitial diastolic axis is systematically bisected by a series 
f radii 45? apart. This then creates a diastolic radial 
ixis system of eight chords and their enclosed areas. 
Maintaining this reference system fixed in space and 
uperimposing the systolic endocardial outline permits 
egmental evaluation of the ventricle, either by chordal 
hortening or regional area shrinkage. 

Thirty-two patiefits were evaluated once the normal 
ange of contraction was established from 10 normal 
olunteers. Twenty patients with coronary artery dis- 
ase but without remote infarction had no difference in 
ontraction pattern from that of the volunteers. Twelve 
iatients had remote transmural infarction evidenced 
ly abnormal Q waves. Six patients with anterior in- 
arction showed impaired regional motion in anterior 
nd anteroseptal regions, and six patients with inferior 
afarction showed impaired motion in posterior and 
ateral regions (Fig. 4 and 5). In conducting a parallel 
omputer analysis of angiocardiograms in these 12 pa- 
ients, two dimensional echocardiography proved as 
ensitive as angiography for detection of regional con- 
raction defects: Each technique identified 10 of 12 
atients correctly. These further observations confirm 
hat two dimensional echocardiography can be used 
ystematically to study regional wall motion abnor- 
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malities in patients with remote as well as acute myo- 
cardial infarction. : 

Surgical implications: The use of two dimensional 
echocardiography to characterize regional areas of ab- 
normal contraction is in its nascent stage. Information 
gleaned from M mode techniques such as diastolic 
thinning, failure of appropriate systolic thickening and 
change of echocardiographic character within the wall 
producing acoustically “hard” areas, have only begun 
to be explored by two dimensional echocardiography 
(Fig. 6). The technique ultimately has the potential not 
only for identifying the presence of wall motion ab- 
normalities, but also for quantifying their extent on a 
global basis and for assessing their reversibility. Thus, 
the unusually thinned echo-dense noncontractile region, 
which is probably composed of scar tissue, is unlikely 
to have its function restored by bypass surgery, whereas 
a poorly contracting area of myocardium of normal di- 
astolic thickness and wall character may indeed recover 
its function after the blood supply is restored. The po- 
tential of echocardiography in this regard will be the 
subject of many further explorations within the next few 
years. 


Special Complications of Myocardial Infarction 


Ventricular aneurysm: Ventricular aneurysm 
(defined as an abnormal diastolic outpouching of the 
normal ventricular cavity) has long been recognized by 
M mode echocardiography. In a typical examination 
with the transducer in a standard location, ascan of the 
left ventricle from base to apex shows that the cavity 
expands or fails to taper as the region of the papillary 
muscles is approached. This finding is highly associated 
with the presence of left ventricular aneurysm. Many, 
but not all, left ventricular aneurysms fall within the 
path of a standard M mode scan. Thus, Weyman et al.2° 
noted that in a series of 31 patients with angiographi- 
cally proved left ventricular aneurysm, two dimensional 
echocardiography detected 100 percent of these defects 
whereas M mode studies were successful in detecting 
this abnormality 47 percent of the time. Typical ex- 
amples of left ventricular aneurysm detected with two 
dimensional echocardiographic examinations are shown 
in Figure 7. 

Ventricular pseudoaneurysm: In contrast to a true 
left ventricular aneurysms which is an abnormal out- 
pouching of the infarcted left ventricular myocardium, 
a false aneurysm consists of cavitated clots that com- 
municate with the left ventricular body through an area 
of myocardial rupture. In the patient who has not had 
antecedent cardiac trauma or surgery, myocardial in- 
farction is the leading cause of pseudoaneurysm for- 
mation.?! Unlike the orifice to a true aneurysm, which 
is wide and patent, the orifice to a false aneurysm is 
narrow. By virtue of this anatomic feature a false an- 
eurysm is often detectable by echocardiography. Al- 
though the narrow orifice leading to the false aneurysm 
cavity was originally reported in M mode echocardio- 
graphic studies, two dimensional echocardiography 
greatly facilitates its recognition??? (Fig. 8). Detection 
of a false aneurysm is more than an academic question 
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FIGURE 4. End-diastolic and end-systolic short axis images and computer regenerated outlines from a normal subject (top), a patient with anterosepti 


myocardial infarction (middle) and a patient with inferior myocardial infarction (bottom). 
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FIGURE 5. Plots of regional area shrinkage in 20 patients with no antecedent myocardial infarction and in two patient subgroups who had anteri 


or inferior myocardial infarction (see text). Abbreviations as in Figure 3. 
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because a false aneurysm is prone to fatal myocardial 
rupture, a complication very rarely encountered in a 
true left ventricular aneurysm. Moreover, it is readily 
amenable to surgery, which remains the treatment of 
choice. Thus, echocardiography, particularly with the 
two dimensional technique, is a key examination in the 
patient with an abnormally bulging radiographic cardiac 
silhouette after myocardial infarction. Because the 
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primary clue to distinguishing true and false aneurysm 
depends on recognition of the narrowed orifice, a false-- 
aneurysm will not be suspected using standard chest 
roentgenograms. 

Papillary muscle dysfunction and rupture: Mitral 
regurgitation may arise from anatomic or functional 
derangements of the papillary muscles. Papillary muscle 
dysfunction is most commonly caused by ischemia or 





FIGURE 6. Short axis view of the left ventricle shown schematically and the actual image showing unusually hard echoes from the posteroseptal 
region in a patient with remote inferior myocardial infarction. These hard echoes correspond to the echo densities previously reported on M mode 
echocardiography. It would be difficult to gain access to the echo-dense region in this figure with the standard M mode approach. LV = left ventricle; 


PM = papillary muscles. 
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FIGURE 7. Examples of left ventricular aneurysm. Left, aneurysm of the interventricular septum in a patient with remote anterior myocardial infarction. 
This type of aneurysm is more likely to be missed on M mode scanning than is an apical aneurysm. Right, apical left ventricular aneurysm seen 
with an apical view on two dimensional echocardiography. The cloud of echoes within the aneurysmal chamber suggests a possible left ventricular 
thrombus. A = aneurysm; LA = atrium; LV = left ventricle; MV = mitral valve; RV = right ventricle. 
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FIGURE 8. Top, two dimensional echocardiogram in apical two chamber 
projection of a patient with a pseudoaneurysm of the left ventricle. 
Bottom, schematic drawing of the orientation of the cardiac chambers 
and the pseudoaneurysm (PA). Ao = aorta; | = inferior; LA = left atrium; 
LV = left ventricle; S = superior. (Figure kindly supplied by Dr. M. Kotler 
and reprinted from Catherwood et al.?? by permission of the American 
Heart Association, Inc.) 


infarction which leads to asynergic contraction of the 
muscles, or by ventricular dilatation or aneurysm that 
produces sufficient malalignment to result in mitral 
regurgitation. 

In a series of 14 patients with papillary muscle dys- 
function,24 two abnormal patterns of mitral valve clo- 
sure were identified with two dimensional echocardi- 
ography: Three patients showed mitral valve prolapse 
associated with inferoposterior wall akinesia and in- 
creased tissue echo density consistent with papillary 
muscle fibrosis; nine patients with ventricular en- 
largement or aneurysm had apically displaced mitral 
leaflet coaptation, and the remaining two patients had 
both of these patterns. 

Papillary muscle rupture is a devastating compli- 
cation of acute myocardial infarction. It produces mitral 
regurgitation, which acutely imposes a volume overload 
on the left heart chambers. The magnitude of the vol- 
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ume load depends on the exact location of papillary - 


muscle rupture. It is usually suspected from the sudden 
appearance of a loud systolic murmur, which may be 
impossible to distinguish at the bedside from the mur- 
mur of a ruptured interventricular septum (see later). 
If a head of a papillary muscle rather than an entire 
papillary muscle ruptures, it is possible that the patient 
can survive and undergo diagnostic evaluation that will 
allow its detection. As with ruptured chordae tendineae, 
this condition will lead to a flail anterior or posterior 
mitral leaflet; a flail valve can be readily appreciated on 
two dimensional echocardiography because one of the 
mitral leaflets swings freely into the left atrial cavity 
during ventricular systole?? (Fig. 9). 

Ventricular septal rupture: A ruptured flap of in- 
terventricular septum, showing an unusual pattern of 
motion, has been detected with M mode echocardiog- 
raphy in a patient with acute anteroseptal myocardial 
infarction.26 Patients with this problem have also been 
reported to have, on average, an enlarged right ven- 
tricular internal dimension.? Direct visualization of loss 
of septal continuity is unlikely to be detected with M 
mode echocardiography because the septal rent may be 
irregular and obliquely located relative to the echo- 
graphic beam passage from a parasternal or precordial 
transducer location. Nevertheless one such case has 
been reported.?? In one instance”? of a patient with 
documented postinfarction ventricular septal defect, 
the septum appeared split into two layers separated by 
an echo-free zone, which represented an obliquely 
passing communication from the left to the right ven- 
tricle. 

Two dimensional echocardiography allows more 
complete inspection of the interventricular septum. 
With use of an apical four chamber view in which the 
length of the septum was delineated, three consecutive 
patients with ventricular septal rupture in the course 
of acute anterior infarction were identified.?? In two of 
the three this was imaged as an oblique rent from the 
distal left ventricle to the proximal right ventricle, while 
in the third patient a large orifice was evident in the 
distal septum. Although postinfarction ventricular 
septal defect has not been frequently reported, it is 
anticipated that additional reporte will appear as two 
dimensional equipment becomes more widely used in 
coronary care units and greater sophistication develops 
in exploring the integrity of the interventricular septum 
from different transducer locations. 

Other complications of myocardial infarction: 
Two dimensional echocardiography offers the potential 
for making diagnostic decisions regarding other com- 
plications of myocardial infarction. Clots can be de- 
tected in relation to immobile areas of infarcted myo- 
cardial wall; pericardial effusion can be documented in 
the postinfarction patient with pericarditis. The latter 
is one of the applications in which M mode echocardi- 
ography is still quite valuable. In patients with inferior 
myocardial infarction in whom a pericardial friction rub 
and elevated neck veins develop, the distinction be- 
tween right ventricular infarction and postinfarction 
pericarditis with cardiac tamponade accounting for 
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FIGURE 9. Example of flail mitral valve imaged with two 
dimensional echocardiography. The upper two panels 
demonstrate precordial long axis views of the left ven- 
tricle during diastole (A) and systole (B) showing the an- 
terior mitral leaflet (arrow) swinging back into the left 
atrium (LA) during systole. The lower two panels are 
apical four chamber views that further demonstrate the 
abnormal motion of the anterior mitral leaflet (arrow), 
freely flailing into the left ventricle (LV) during diastole (C) 
and into the left atrium during systole (D). In addition, the 
apical views show a thickened echo-dense area of the 
high septum, a finding often associated with a flail anterior 
mitral leaflet. Ao = aorta; RA = right atrium; RV = right 
ventricle. 


impaired right ventricular filling can be aided by 
echocardiography. Not all patients who manifest a 
pericardial friction rub in the course of myocardial in- 
farction have significant pericardial effusion. In the 
absence of detectable effusion cardiac tamponade would 
be a very unlikel¥ complication of acute myocardial 
infarction. Patients with tamponade not only show signs 
of effusion, but also are very likely to show signs of right 
ventricular compression. In contrast, regional dilatation 
of the right ventricle has been reported in right ven- 
tricular infarction if the involved area is traversed by 
the echographic beam.?!:82 


Advantages and Limitations of Two Dimensional 
Echocardiography in Myocardial Infarction 


Two dimensional echocardiography offers distinct 
advantages for evaluating myocardial structure and 
function in myocardial infarction not currently available 
by other methods. First and foremost, if offers the most 
comprehensive information of any noninvasive imaging 
technique. One can appreciate from a single bedside 
examination not only myocardial structure and func- 
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tion, but also the area around the heart and the function 
of the cardiac valves. In addition, the resolution of detail 
obtainable with echocardiography is superior to that of 
any other noninvasive imaging modality. The relatively 
high degree of resolution is particularly useful in de- 
tecting special complications of infarction that can af- 
fect small and highly localized anatomic regions of the 
ventricle, such as papillary muscle dysfunction and 
formation of intramural thrombi. Another advantage 
of echocardiography in this setting is that it can be re- 
peated, if necessary, multiple times on a daily basis 
without the concern of exposing the patient to ionizing 
radiation. 

The principal limitation of echocardiography is its 
inability to obtain high quality images more than 60 to 
80 percent of the time, depending on the investigator 
and the patient population. Although this difficulty is 
in part being overcome through improved techniques 
of examination using different approaches to imaging 
of the heart, further development of instrumentation 
will be necessary to achieve a success rate with ultra- 
sound comparable with that of radionuclide imaging 
techniques. 
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Thallium-201 myocardial imaging is of value in the early detection and 
evaluation of patients with suspected acute infarction. The extent of a 
thallium defect in an initial myocardial image may have important prog- 
nostic value. Tomographic imaging techniques hold promise for increased 
diagnostic sensitivity and more accurate quantitation of both infarcted 
and residual viable myocardium. Thallium imaging may have a special 
value in characterizing patients with cardiogenic shock and in detecting 
patients at risk for subsequent infarction or death or both, before hospital 
discharge. 

Approximately 95 percent of patients with transmural or nontransmural 
myocardial infarction can be detected with technetium-99m pyrophos- 
phate myocardial imaging if the imaging is performed 24 to 72 hours after 
the onset of symptoms. Pyrophosphate imaging has been useful in lo- 
calizing the site and determining the extent of acute myocardial infarction. 
The “doughnut” pattern is associated with a relatively large incidence 
of subsequent congestive heart failure and death. However, the clinical 
utility of this information is limited because it is usually not available when 
it is most needed, on admission to the coronary care unit. Pyrophosphate 
imaging may have an important role in the evaluation of patients during 
the early follow-up period after hospital discharge from an episode of acute 
infarction. The finding of a persistently positive pyrophosphate image 
suggests a poor prognosis and is associated with a relatively large inci- 
dence of subsequent myocardial infarction and death. 


Both thallium-201 and technetium-99m pyrophosphate myocardial 
imaging are increasingly being used to evaluate patients with acute 
myocardial infarction. Since the introduction of these tracer techniques 
in the mid 1970s, they have excited the interest of the clinical investigator 
and have rapidly been applied in university and community hospitals 
throughout the world. In this report we review their current status in 
detecting and evaluating patients with acute myocardial infarction and 
to place these methods in perspective as we enter the 1980s. 


Thallium-201 Myocardial Imaging 


Physiologic and anatomic principles: Thallium-201 is taken up by 
normal myocardial cells in proportion to blood flow.! Within the phys- 
iologic range of blood flow the extraction of thallium by the myocardium 
is approximately 88 percent.? Only at the extremes of the physiologic 
range of myocardial flow does the relation of thallium uptake by the 
myocardial cell and blood flow deviate. At low flows relatively more and 
at high flows relatively less thallium is extracted from the blood. 

In normal persons, thallium-201 is relatively uniformly distributed 
throughout the myocardium. The normal myocardial thallium image 
may show an area of relatively diminished uptake at the apex, because 
the apex is normally thinner than the left ventricular free wall and 
septum.? The right ventricle is usually not well defined in a left anterior 
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oblique thallium myocardial image obtained at rest 


„— because the mass and blood flow per gram of the right 


ventricle are less than those of the left ventricle. How- 
ever, during exercise, tachycardia and acute pulmonary 
hypertension (conditions that result in an increase in 
right ventricular blood flow and mass), the right ven- 
tricle can be detected easily. 

Areas of myocardial ischemia or infarction, or both, 
can be detected on thallium-201 myocardial imaging by 
the relative absence of tracer uptake in a region of the 
myocardium. Ischemia or infarction, or both, can be 
detected immediately after experimental coronary ar- 
terial ligation because blood flow, and hence thallium 
uptake, will be diminished. Ischemia can be differen- 
tiated from infarction by serial myocardial imaging and 
quantification of the redistribution of thallium-201.° 
If myocardial imaging is repeated 1 to 6 hours after the 
injection of tracer, normal areas of myocardium will lose 
thallium activity. In contrast, areas of myocardial 
ischemia will have a relative increase in activity as 
thallium distributes in time according to myocardial 
mass. Areas of permanent myocardial damage after 
myocardial infarction will show diminished thallium- 
201 activity in both initial and delayed serial images. 

The location of the defect in a thallium-201 image 
is also of interest because it can be used to predict the 
underlying anatomic disease. For example, defects in 
thallium uptake in the anterior apical region in an an- 
terior view or defects in the area of the interventricular 
septum in the left anterior oblique image indicate sig- 
nificant disease of the left anterior descending coronary 
artery. Lesions of this artery above the first septal 
perforator can be distinguished from those below this 
branch. Lesions above this branch can be detected by 
the finding of a defect in thallium-201 uptake involving 
the septum in a left anterior oblique view; lesions below 
this branch involve the anterior apical region in an an- 
terior view, but not the septum in the left anterior 
oblique view. This differentiation may be of clinical 
importance because it has recently been pointed out 
that lesions of the left anterior descending coronary 
artery above the first septal perforator are associated 
with a large incidence of ventricular fibrillation or 
sudden cardiac death, or both.’ Lesions in the right 
coronary artery may be detected by finding a defect on 
the diaphragmatic surface or apex in the right anterior 
oblique view; however, occasionally, because of ana- 
tomic variation, lesions of the left circumflex coronary 
artery may also project there. Lesions of the latter artery 
can be detected by the finding of a tracer defect on the 
high lateral wall in a left anterior oblique or left lateral 
image. These physiologic and anatomic principles 
provide the basis for the use of thallium-201 myocardial 
imaging in the detection and evaluation of patients with 
acute myocardial infarction. 

Patients with suspected myocardial infarction 
or ischemia: Thallium-201 myocardial imaging has 
been shown to be of value in the early detection and 
evaluation of patients with suspected acute myocardial 
infarction. Patients with a diagnosis of “rule out myo- 
cardial infarction" remain a major problem in most 


medical centers. Approximately half of the patients 
admitted to the coronary care unit for suspected in- 
farction are shown not to have infarction. These pa- 
tients include those with unstable angina pectoris or 
coronary insufficiency, patients with previously known 
Ischemic heart disease and acute chest pain of noncar- 
diac origin, and those with chest pain of noncardiac 
origin without underlying ischemic heart disease. If 
techniques could be developed to triage accurately pa- 
tients with suspected acute myocardial infarction, great 
savings in cost and increased effectiveness of diagnosis 
and therapeutic interventions could be realized. Al- 
though thallium-201 myocardial imaging cannot be 
expected to solve this problem entirely, there is accu- 
mulating information to suggest that it may be of value 
under special circumstances. 

During the early hours of myocardial infarction, the 
electrocardiogram may not be diagnostic of acute 
myocardial infarction. Similarly, serum creatine kinase 
may not be elevated for the first few hours after myo- 
cardial damage. In these early hours serial thallium-201 
myocardial imaging may be of value.? If a defect in 
thallium uptake is seen in an initial myocardial image, 
myocardial infarction should be suspected and the pa- 
tient admitted to the coronary care unit for routine 
monitoring and therapy of acute myocardial infarction. 
If the defect in thallium uptake can no longer be de- 
tected on reimaging 2 to 3 hours later, acute myocardial 
ischemia without infarction or only minor infarction 
should be suspected. Patients with these findings should 
also be admitted to the coronary care unit, but mobili- 
zation and the application of diagnostic and therapeutic 
interventions for myocardial ischemia can be acceler- 
ated. In patients who have normal thallium myocardial 
uptake on both initial and serial imaging, myocardial 
ischemia or infarction is less likely, and chest pain of 
noncardiac origin should be considered. One limitation 
of this approach is that patients with prior myocardial 
infarction and scarring may have residual defects in 
thallium uptake indistinguishable from defects secon- 
dary to acute infarction even with serial imaging. A 
documented history of prior myocardial infarction 
should alert the clinician to this possibility. 

Patients with right ventricuPar infarction: An- 
other limitation of this approach is that right ventricular 
infarction may not be detected and a misdiagnosis of 
chest pain of noncardiac origin may be made because 
the right ventricle is often not seen in a thallium-201 
image obtained at rest. To eliminate the possibility of 
right ventricular infarction as a cause of the patient's 
symptoms, a gated blood pool image can be obtained. 
If right ventricular infarction is present, it will be 
manifested by a poorly contracting large ventricle with 
or without concomitant left ventricular dysfunction.? 
In our experience, right ventricular infarction can often 
be diagnosed with blood pool imaging before the de- 
velopment of characteristic hemodynamic findings. 
Early in the course of right ventricular infarction, right 
ventricular filling pressure may be only slightly elevated 
although the right ventricle is markedly dilated because 
this chamber is more compliant than the left ventricle. 
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Only after volume challenge or loading will the right 
ventricular filling pressure increase in disproportion to 
left ventricular filling pressure. If both right and left 
ventricular infarction can be excluded within the first 
few hours of onset of symptoms, patients could undergo 
appropriate diagnostic studies more quickly to deter- 
mine the cause of the chest pain without the expense 
and stigma often associated with admission to the cor- 
onary care unit. 

Early diagnosis of acute myocardial infarction: 
Once a patient is in the coronary care unit, thallium-201 
myocardial imaging has proved a highly sensitive 
technique to detect the presence of infarction. Wackers 
et al.!°.!! in an early study in Amsterdam found that 100 
percent of patients with either transmural or non- 
transmural infarction could be detected by the finding 
of a defect in thallium uptake in the initial image made 
within 6 hours of onset of symptoms. With increasing 
time from the onset of symptoms, the sensitivity for 
detecting infarction, especially nontransmural infarc- 
tion is diminished. In the series of Wackers et al. the 
sensitivity for detecting infarction was 58 percent after 
24 hours. 

Because sensitivity decreases with time, prompt ap- 
plication of thallium-201 is important for this approach 
to be effective. The 74 hour physical half-life of thal- 
lium-201 is long enough to permit storage of the tracer 
in the hospital nuclear pharmacy for emergency use. In 
large metropolitan areas the tracer is increasingly ac- 
cessible from centralized pharmacies. 

Diagnosis of remote infarction: Although the 
sensitivity for detection of infarction by thallium-201 
myocardial imaging diminishes with time, the detection 
of remote infarction remains greater than that for the 
electrocardiogram. In an early study of 101 patients with 
a documented old myocardial infarction (from 3 months 
to 10 years), a definite diagnosis could be made in 61 
patients using electrocardiographic criteria and in 76 
by the finding of a defect in a thallium image obtained 
at rest (p «0.01).!? 

Predicting prognosis: Thallium-201 myocardial 
imaging may also be of value in predicting prognosis. 
'The extent of the thallium defect has been shown to 
correlate with pathologically determined infarct size 
and with the contrast angiographic extent of asyner- 
gy.1?14 Thallium defects have been found in more than 
90 percent of patients with asynergic segments greater 
than 60 percent of the left ventricular circumference.!^ 
The extent of the thallium defect in an initial myocar- 
dial image in the coronary care unit has also been shown 
to have important prognostic value and to be a better 
prognostic indicator of subsequent survival than the 
extent of left ventricular dysfunction in a blood pool 
image.!? The extent of a thallium defect may be defined 
by relatively simple computer programs. The myocar- 
dial image can be circumscribed by a light pen or edge 
detection routine and radi drawn from the center of 
activity to the perimeter of the image. In a normal per- 
son there is relatively uniform activity along each radius. 
This information can be displayed graphically from 0 
to 360°. In patients with myocardial ischemia or in- 
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farction, or both, the extent of the defect in thallium 
uptake can be quantitated by determining the numbgr. 
of degrees around the perimeter with decreased thal- 
lium-201 activity. With this technique it is possible to 
define a group with a relatively high mortality rate after 
myocardial infarction and one with a low risk of subse- 
quent mortality.!? 

Assessing extent of myocardial damage: The ex- 
tent of myocardial damage can also be assessed with 
tomographic imaging techniques.16.!7 New collimators 
have been developed that can be applied to standard 
scintillation cameras to obtain tomographic images by 
computer reconstruction techniques. Tomographic 
imaging techniques have been used to estimate the ex- 
tent of experimental myocardial infarction and when 
they are used an excellent correlation has been found 
between pathologically determined infarct size and 
estimated infarct size!® despite the inherent “pin- 
cushion” distortion with these collimators. Although 
experience with tomographic imaging in patients with 
acute myocardial infarction is limited, this technique 
should allow increased diagnostic sensitivity for the 
detection of infarction as well as the capacity for more 
accurate quantitation both of the infarcted and residual 
viable myocardium. (Fig. 1 and 2). 

Patients with cardiogenic shock: Thallium-201 
myocardial imaging may also be of value in assessing 
patients with cardiogenic shock. For example, patients 
with cardiogenic shock due to massive left ventricular 
damage will have an extensive defect in left ventricular 
thallium-201 uptake, often involving greater than 40 
percent of the left ventricular circumference. In those 
with persistence of a defect of this magnitude on serial 
imaging several hours later, the prognosis is poor re- 
gardless of therapy because the amount of residual 
viable myocardium is often insufficient to maintain 
adequate pump function over time. Redistribution of 
thallium into the area of the initial defect in tracer up- 
take suggests reversible myocardial ischemia and the 
possibility of improvement by intraaortic balloon 
pumping and possibly by coronary bypass graft surgery. 
Patients with cardiogenic shock and an electrocardio- 
graphic pattern of an inferior myocardial infarction may 
have massive left ventricular damage demonstrated by 
thallium imaging. Normal or almost normal left ven- 
tricular uptake of thallium suggests massive right ven- 
tricular damage. The prognosis in patients with these 
findings is good if the damage is limited to the right 
ventricle and appropriate therapy, such as plasma vol- 
ume expansion, is instituted. 

Evaluation of patients for coronary bypass sur- 
gery: Thallium-201 myocardial imaging is also of value 
in detecting areas of myocardium at risk during exercise 
for subsequent myocardial infarction and therefore for 
possible coronary arterial bypass graft surgery.!? Ex- 
ercise electrocardiographic testing before hospital dis- 
charge after myocardial infarction has been shown to 
be useful in detecting patients at high risk for subse- 
quent infarction or death, or both.!? The appearance on 
exercise of a new tracer defect outside the area of in- 
farction detected in a thallium-201 myocardial image 
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FIGURE 1. Tomographic thallium-201 myocardial images (1 to 4) in a patient with normal coronary arteries. Note the relatively uniform thallium-20 1 


uptake in both the exercise (Ex) and delayed images (3 hours later). 





FIGURE 2. Tomographic thallium-201 images in a patient with a history of myocardial infarction. Left, the images after submaximal stress; right, 
the delayed images (3 hours later). Note that the area of decreased tracer uptake is similar in both the stress and delayed images, confirming that 
the area of decreased tracer uptake is due to infarction rather than ischemia. 


obtained at rest indicates a “risk” segment (that is, an 
area of viable myocardium served by a significantly 
narrowed coronary artery). In a recent study more than 
80 percent of “risk” segments confirmed on coronary 
angiography could be detected with exercise thallium- 
201 myocardial imaging.^? Although experience is still 
limited, our current procedure is to perform rate-limited 
exercise electrocardiography and thallium-201 myo- 


cardial imaging before hospital discharge after an epi- 
sode of myocardial infarction. Patients who do not ex- 
hibit evidence of myocardial ischemia on electrocardi- 
ography and do not exhibit a new defect in thallium 
uptake on exercise are assumed to be at low risk for 
subsequent infarction or cardiac death, or both, and are 
discharged to normal activity after convalescence. Pa- 
tients who exhibit evidence of myocardial ischemia on 
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électrocardiography or show evidence of a new defect 
on thallium myocardial imaging are considered for early 
coronary arteriography in order to detect candidates for 
early bypass graft surgery. To determine whether this 
approach is correct will require further experience and 
carefully controlled trials. 


Technetium-99m Pyrophosphate Imaging 


Physiologic and anatomic principles: Myocardial 
infarction can also be detected with the uptake of 
technetium-99m pyrophosphate within an area of acute 
infarction.*! This is in contrast to thallium-201 myo- 
cardial imaging in which infarction is recognized by an 
absence of tracer uptake. Since its introduction in 1974 
by Bonte et al.*! technetium-99m pyrophosphate 
myocardial imaging has found wide clinical application. 
Although the exact mechanism of technetium-99m 
pyrophosphate uptake by infarcted myocardium is still 
being investigated, the weight of evidence suggests that 
the major mechanism is the formation of complexes 
with tissue calcium stores within the injured cell.?? 
Technetium-99m pyrophosphate may also form com- 
plexes with damaged myocardial proteins and other 
macromolecules, but this may not be as important as the 
binding to tissue calcium. Residual myocardial blood 
flow is also of direct importance because, if there is no 
residual flow, tracer cannot be delivered to the area of 
infarction. This is evident from the pattern of pyro- 
phosphate uptake in patients with massive myocardial 
damage in which the central necrotic area with low re- 
sidual flow fails to take up tracer, whereas the surviving 
border zone with residual collateral flow avidly takes up 
tracer resulting in a “doughnut” pattern. 

Areas of myocardial infarction can be detected ap- 
proximately 12 hours after the onset of symptoms. 
However, imaging at this time will result in a relatively 
low sensitivity for detection of infarction. Maximal 
sensitivity for detection of infarction is achieved 24 to 
72 hours after the onset of symptoms.?? After 1 to 2 
weeks, pyrophosphate uptake by the myocardium is 
usually not detected but in some patients a positive 
image may persist for several weeks or months. It is 
important to wait at least 90 minutes and preferably 3 
hours after injection of pyrophosphate before imaging. 
Imaging performed earlier than 90 minutes after in- 
jection may result in a low specificity due to persistence 
of blood pool activity and the appearance of diffuse 
uptake, which may be mistaken for a positive image. 
Wherever there is a question that apparent uptake is 
due to blood pool activity, further delayed views should 
be obtained for comparison. Several approaches have 
been used to grade pyrophosphate images. The most 

commonly used is that recommended by Willerson et 
- al. Scintigrams are graded from 0 to 4+: 0 = no ac- 
tivity; 1+ = minimal activity; 2+ = definite myocardial 
activity; 3+ = activity equal to bone activity; and 4+ = 
activity greater than bone activity. In this system scans 
with 2+ or greater activity are thought to suggest acute 
myocardial infarction. 

Sensitivity of test for acute infarction: If imaging 
is performed during the optimal time, 24 to 72 hours 
after onset of symptoms of acute infarction, approxi- 


IMAGING IN IVIYOUATFHDIAL INFARULIUN-—FIITI ANU INMALL 


mately 95 percent of patients with transmural or non- 
transmural infarction will be detected.24 To obtain sugh, 
a high sensitivity with a high specificity requires careful 
attention to imaging technique and the use of serial 
imaging. However, such high sensitivity for detecting 
infarction has not been a universal finding. For example, 
Lyons et al.?? recently reported that 96 percent of pa- 
tients with transmural infarction had pyrophosphate 
uptake, but in only 82 percent was the uptake localized. 
Similarly, 88 percent of patients with nontransmural 
infarction had pyrophosphate uptake but the uptake 
was localized in only 44 percent. A relatively large pro- 
portion of patients with chest pain, unstable angina 
pectoris, congestive heart failure or pericarditis, as well 
as patients studied after resuscitation, also had pyro- 
phosphate uptake, but not a localized pattern. There- 
fore, if one requires a localized or focal pattern of uptake 
as the criterion for diagnosis of myocardial infarction, 
the sensitivity for detecting nontransmural infarction 
is relatively low, approximately 44 percent. 

Several conditions are known to cause false positive 
pyrophosphate images. They include calcific valvular 
heart disease, left ventricular aneurysm with dystrophic 
calcification, inflammation or tumors of the breast, and 
disease of the chest wall or ribs. Cardioversion with 
skeletal muscle damage may also cause pyrophosphate 
uptake.?6 

Limitations of method: The major limitation of 
pyrophosphate imaging for detection of acute myocar- 
dial infarction is that in most instances the diagnosis has 
been established with serial electrocardiography and 
serum enzyme determination in 24 to 72 hours, the time 
of optimal pyrophosphate imaging. In the approximate 
one fourth to one third of patients with infarction in 
whom the diagnosis is still in doubt at 48 hours, pyro- 
phosphate imaging is of limited value in view of the 
relatively low sensitivity for detecting nontransmural 
infarction if a localized pattern is required and the fre- 
quent occurrence of the conditions known to cause false 
positive images. Although only a relatively small pro- 
portion of patients with infarction will be detected 
during the early hours of infarction with pyrophosphate 
imaging, imaging 5 hours after infarction may have some 
value. Recent experimental studies?’ suggest that the 
early appearance of pyrophosphate uptake indicates 
reperfusion injury due to reversible coronary arterial 
occlusion with more rapid delivery of flow to the in- 
farcted region than would occur by collateral channels 
over 48 to 72 hours in animals with a completely oc- 
cluded vessel This approach may therefore be of value 
in detecting patients with infarction due to coronary 
arterial spasm. 

Localizing the site and extent of infarction: Py- 
rophosphate imaging has also been useful in localizing 
the site and determining the extent of acute myocardial 
infarction. For example, right ventricular infarction has 
been diagnosed by the finding of a characteristic pattern 
of pyrophosphate uptake in the left anterior oblique 
image.?9 As previously pointed out, patients with the 
electrocardiographic pattern of an inferior myocardial 
infarction may have a spectrum of anatomic damage 
involving the left or the right ventricle, or both. AI- 
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FIGURE 3. Technetium-99m pyrophosphate tomographic myocardial imaging. A standard planar image using a high resolution (H RES) collimator 
is shown in the upper left panel and tomographic cuts in the same patient at 10, 7, 6, 5 and 4 centimeters (CM). The tomographic images provide 
a better estimate of the extent of infarction than does the standard planar image. 


though this differentiation has important therapeutic 
and prognostic implications, the information provided 
by pyrophosphate imaging is often too late to be of 
therapeutic importance. 

The extent of pyrophosphate uptake has also been 
correlated with the extent of myocardial infarction using 
standard imaging techniques. Good correlations be- 
tween the extent of infarct-avid agents and the extent 
of acute anterior transmural myocardial infarction have 
been found.??:39? Less satisfactory correlations have been 
found in patients with inferior or posterior myocardial 
infarction because of inadequate projection of the area 
of damage when standard imaging techniques are used. 
Recently, this limitation has been overcome using to- 
mographic imaging techniques?! (Fig. 3). Excellent 
correlations between the extent of infarction deter- 
mined pathologically and the extent of pyrophosphate 
uptake have been found for transmural infarction in all 
locations using tomographic techniques. Precise cor- 
relation between the extent of pyrophosphate uptake 
and infarction in patients with nontransmural infarc- 
tion is less satisfactory because of the presence of the 
pattern of diffuse uptake in some patients. Neverthe- 
less, some correlation with the extent of damage can be 
found even in patients with nontransmural infarc- 
tion. 

The prognosis in patients with myocardial infarction 


depends on the extent of myocardial damage, both new 
and old. Patients with an old anterior transmural 
myocardial infarction may present with an acute infe- 
rior infarction or nontransmural infarction. The extent 
of pyrophosphate uptake and, similarly, creatine kinase 
release will reflect only the acute damage in these sit- 
uations. [Implications as to prognosis based on infarct 
size determined from techniques that reflect only acute 
damage must of necessity be misleading. Under these 
circumstances techniques that reflecf total myocardial 
damage will be of greater value. Total myocardial 
damage can be assessed from the extent of a defect in 
thallium-201 uptake or from the extent of ventricular 
dysfunction on gated blood pool imaging. For example, 
in one early study?? no significant difference could be 
found in creatine kinase release between survivors of 
infarction and those subsequently dying, whereas there 
was a significant difference in an index that reflected 
total myocardial damage, such as left ventricular ejec- 
tion fraction and percent of the left ventricular wall that ` 
was akinetic on blood pool imaging. 

Significance of “doughnut” imaging pattern: 
Despite these limitations pyrophosphate imaging may 
provide important prognostic information. The 
“doughnut” pattern has been found in patients with 
massive anterior transmural infarction. The essentially 
clear area without pyrophosphate uptake indicates se- 
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verely necrotic myocardium with inadequate myocar- 
dial blood flow for delivery of tracer. In one study?3 of 
71 patients with acute anterior myocardial infarction, 
45 were shown to have a doughnut pattern and 26 a 
"focal" pattern of uptake. Peak creatine kinase release 
in those with a doughnut pattern was 660 units com- 
pared with 344 units in those with a focal pattern (p 
<0.05). Of the patients with a doughnut pattern, 67 
percent had congestive heart failure and 9 percent died, 
whereas among those with a focal pattern, only 35 per- 
cent had congestive heart failure and none died. Simi- 
larly, Ahmad et al.?^ found late complications in all 
patients with a doughnut pattern of pyrophosphate 
imaging compared with only 43 percent of patients with 
a focal pattern of uptake and 12 percent of those with 
a diffuse pattern. The post-hospital mortality rate was 
83 percent in those with a doughnut pattern, 6 percent 
among those with a focal pattern and 0 percent among 
those with a diffuse pattern. Although these early data 
are encouraging and identification of high risk subsets 
after myocardial infarction is clearly of great impor- 
tance, a larger experience will be required to determine 
if the doughnut pattern provides prognostic information 
over and above that obtainable by more routine clinical 
techniques, including creatine kinase release. 

Persistently positive image after infarction: One 
circumstance in which pyrophosphate imaging appears 
to provide independent prognostic information not 
readily obtainable by other techniques is the occurrence 
of persistently positive image after infarction. Olsson 
et al.” recently reported on 109 patients in whom py- 
rophosphate imaging was performed a mean of 31 weeks 
after infarction; 61 patients (56 percent) had a positive 
pyrophosphate image and 48 (44 percent) a negative 
image. These patients were followed up for a mean of 
50 weeks. In those with a positive pyrophosphate image 
10 percent had recurrent myocardial infarction and 16 
percent died compared with a 2 percent incidence rate 
for both myocardial infarction and for death in those 
with a negative image. They also noted an increased 
incidence of congestive heart failure and severe angina 
pectoris in those with a positive image. 

The finding of a persistently positive pyrophosphate 
image after an episode of acute myocardial infarction 
may be due to unresolved calcium complexes within 
the infarcted region, dystrophic myocardial calcifi- 
cation or ongoing myocardial necrosis. In the past we 
tended to think of myocardial infarction as a sudden 
event healing in 6 to 8 weeks. More likely, many patients 
with infarction have islands of viable myocardium 
within the distribution of the “infarct.” These islands 
of viable myocardium are supplied by collateral flow 
that, although adequate to preserve myocardium ini- 


` tially, may be inadequate over time and during periods 


of increased oxygen demands required during stress. 
Identification of this high risk subset with a persistently 
positive pyrophosphate image suggests the need for new 
therapeutic strategies. 

Patients with unstable angina: A similar situation 
has been encountered in patients presenting with un- 
stable angina pectoris.?6 Several groups have noted that 
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approximately one fourth of patients with unstable 
angina pectoris but without serial electrocardiographic . 
or serum enzyme evidence of acute myocardial infarc- 
tion have a positive pyrophosphate image. Initially it 
was thought that a positive pyrophosphate image under 
these circumstances was a false positive image. How- 
ever, recent studies suggested that a positive pyro- 
phosphate image under these circumstances may rep- 
resent subclinical myocardial necrosis. Small areas of 
myocardial necrosis are frequently seen at postmortem 
examination in patients with unstable angina pectoris 
dying of other causes and have been correlated with a 
positive pyrophosphate image. Olson et al.?9 reported 
on 199 patients with unstable angina pectoris without 
electrocardiographic or serum evidence of myocardial 
infarction; 67 (34 percent) had a positive and 132 (66 
percent) a negative pyrophosphate image. Of those with 
a positive pyrophosphate image 21 percent had subse- 
quent nonfatal myocardial infarction and 22 percent 
had cardiac death during a mean follow-up period of 35 
weeks compared with a 3 percent incidence rate of 
nonfatal infarction and a 6 percent incidence rate of 
cardiac death in those with a negative image. It is pos- 
sible that those with a positive pyrophosphate image 
had ongoing or sporadic episodes of myocardial necrosis 
similar to those of patients with cerebrovascular disease 
and ischemic attacks. 

Identification of a high risk subset of patients with 
unstable angina has important therapeutic implica- 
tions. For example, in those with a negative image with 
a low risk of subsequent infarction and death, conser- 
vative medical therapy appears justified, whereas in 
those with a positive image more aggressive therapy, 
possibly medical or surgical, seems indicated. Failure 
to separate high and low risk subsets in any trial of 
therapy in unstable angina may lead to an inability to 
show efficacy of a therapeutic intervention and may in 
part account for the failure of the multicenter trial of 
coronary arterial bypass graft surgery to show a signif- 
icant effect of surgery on survival.?" 


Clinical Applications 


Diagnostic protocol in thallium-201 imaging: We 
suggest that if, after routine clinical examination, 
electrocardiography and initial serum enzyme deter- 
mination, there is a question as to the diagnosis of acute 
myocardial infarction in a patient without a previous 
history of infarction, serial thallium-201 imaging should 
be considered. This technique will be of special value 
when applied to patients without known previous 
ischemic heaft disease who present to the emergency 
room with chest pain or symptoms suspicious of acute 
myocardial infarction within the first few hours of onset 
of symptoms. The finding of a defect in thallium-201 
uptake suggests the presence of ischemic heart disease. 
If serial imaging 2 to 3 hours later demonstrates that the 
defect persists or enlarges, acute myocardial infarction 
should be suspected and the patient admitted for fur- 
ther observation. In patients with negative serial thal- 
lium-201 myocardial images but a high suspicion of 
infarction by clinical history, a blood pool image may 
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be obtained in both the right and left anterior oblique 
. projections. The finding of a normal left ventricular 
ejection fraction and normal wall motion of both the 
right and left ventricles makes the presence of an acute 
infarction unlikely. 

Protocol in high risk patients to evaluate thera- 
py: In patients admitted to the coronary care unit with 
the diagnosis of acute myocardial infarction an initial 
thallium-201 myocardial image and quantification of 
the extent of thallium defect provide important prog- 
nostic information sufficient to assign patients to high 
or low risk subsets.!? To evaluate the effectiveness of 
therapeutic interventions blood pool imaging should be 
considered.35-49 Although not reviewed in this study, 
left ventricular ejection fraction determined with blood 
pool imaging is highly reproducible and correlates well 
with values obtained with standard contrast angiogra- 
phy. In patients with complicated myocardial infarction 
and cardiogenic shock a combination of thallium-201 
myocardial imaging and blood pool imaging should be 
considered to identify those with massive irreversible 
left ventricular damage, whose prognosis is poor even 
with aggressive therapy, those with residual left ven- 
tricular ischemia or right ventricular damage and those 
whose cardiogenic shock is the result of a small strate- 
gically placed infarction (such as with rupture of a pa- 
pillary muscle or of the interventricular septum). 

Role of pyrophosphate imaging in the coronary 
care unit: Although there is undoubtedly still much to 
be learned from infarct-avid imaging, technetium-99m 
pyrophosphate imaging with standard imaging tech- 
niques will not find wide application within the coronary 
care unit. By the time the optimal sensitivity is obtained 
at 48 to 72 hours, the information concerning the pres- 
ence of infarction and its location and extent is to a large 
degree superfluous. To be of clinical value, this infor- 
mation is necessary on admission to the coronary care 
unit. In those patients in whom the question of infarc- 
tion is still unanswered at 48 to 72 hours and in those 
whose onset of symptoms is uncertain, pyrophosphate 
imaging may prove to be of value, but the relatively low 
sensitivity of detecting nontransmural infarction re- 
ported from several centers and the high but still im- 
perfect specificity of the technique raises doubt as to its 
clinical utility even in these circumstances. 

Does infarct-avid imaging with pyrophosphate have 
any role in the evaluation of patients with acute 
myocardial infarction? Pyrophosphate imaging may be 
useful in the detection of peri- and postoperative 


myocardial infarction.*! If the early data of Olson et al.*° 
can be confirmed in other centers, pyrophosphafe 
imaging would also appear to have a most important 
role, not in the coronary care unit, but in the evaluation 
of patients seen during the early follow-up period after 
hospital discharge after an episode of acute infarction. 
The finding of a persistently positive pyrophosphate , 
image suggests a poor prognosis and the need for ther- 
apeutic intervention, whereas the finding of a negative 
image appears to indicate a low risk subset of patients 
in whom high risk interventions should be applied 
cautiously, if at all. Similarly, the patient with unstable 
angina pectoris and a positive pyrophosphate image 
appears to have a different prognosis and to require 
more aggressive therapy than the patient with a nega- 
tive image and an excellent prognosis.*® 

Future directions: As we enter the coming decade, 
thallium-201, technetium-99m pyrophosphate and 
blood pool imaging techniques will undoubtedly play 
an increasingly important role in detecting patients with 
ischemic heart disease, selecting high risk subsets for 
therapeutic interventions and evaluating the effects of 
therapeutic interventions, as well as providing further 
insight into the natural history of disease processes. New 
imaging techniques and improvements and develop- 
ments of new radiopharmaceuticals will undoubtedly 
open new areas for clinical investigation. However, the 
challenge of the next several years is to apply more ef- 
ficiently currently available techniques. We must de- 
termine where and when they are cost-effective and an 
aid in clinical decision-making as well as where and 
when they are superfluous, adding only to the cost of 
care without affecting clinical outcome. Although it is 
the role of the clinical investigator to provide this in- 
formation, it is the role of the individual clinician to be 
satisfied that this information is available and reliable 
before he applies these techniques clinically. It is not 
enough that a new technique such as pyrophosphate 
myocardial imaging diagnoses the presence of myo- 
cardial infarction or estimates the size of myocardial 
infarction. To be clinically applicable and to justify the 
expense of the technique, the technique must provide 
information not obtained by less costly techniques and 
must result in clinical decisions affecting patient out- 
come that are otherwise not possible. If these conditions 
can be met, as we believe they will be, and if the tech- 
niques are intelligently applied, we can look forward to 
improved diagnosis and evaluation of patients with 
acute myocardial infarction. 
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Primary myocardial diseases have traditionally been classified into 
congestive, hypertrophic and restrictive varieties. M mode echocardi- 
ography has proved extremely valuable in distinguishing congestive 
cardiomyopathy with major ventricular dilation and poor contractile 
performance from hypertrophic cardiomyopathy with predominant left 
ventricular hypertrophy (septum greater than posterior wall) and normal 
pump performance, and restrictive disorders with symmetric ventricular 
wall thickening and normal or diminished contractile function. The con- 
tributions of two dimensional echocardiography to the evaluation of pa- 
tients with congestive or restrictive cardiomyopathy have been limited 
to certain specific situations, such as the recognition of left ventricular 
mural thrombi. 

Twenty-five patients with hypertrophic cardiomyopathy were studied 
to assess two dimensional echocardiography in the evaluation of patients 
with this disorder. Two dimensional echocardiography indicated that 
hypertrophy of the interventricular septum is not uniform from apex to base 
in all patients but may be greatest in the apical, mid or basal third. In ad- 
dition, the anterior free wall of the left ventricle was involved in the hy- 
pertrophic process in approximately 50 percent of patients. Two dimen- 
sional echocardiography documented that the location of systolic anterior 
motion of the mitral valve in patients with hypertrophic cardiomyopathy 
is most often at the junction of the mitral valve leaflets and chordae ten- 
dineae, although the chordae themselves and even the papillary muscles 
may be involved in this movement. The heterogeneity of these charac- 
teristics may enable patients with hypertrophic cardiomyopathy to be 
classified into subsets of patients in whom meaningful therapeutic and 
prognostic implications may be derived. Finally, data derived from two 


dimensional echocardiography have shown that, although the left ventricle 


in hypertrophic cardiomyopathy conforms in some degree to the config- 


 uration of a catenoid, this geometric conformation is unlikely to account 


for the genesis of this disorder. 


When a patient presents with the classic findings of left ventricular 
failure in the absence of evidence of congenital heart disease or hyper- 
tension or without abnormalities indicative of disease involving the 


. coronary arteries, heart valves or pericardium, a presumptive diagnosis 
of cardiomyopathy i is often made. Although in the past the diagnosis of 


cardiomyopathy was frequently based solely on the exclusion of other 


 diseases,! the increasing availability of sophisticated noninvasive diag- 
nostic modalities and cardiac catheterization has enabled the recognition 


of those patients in whom cardiomyopathy i is obscured by findings in- 
dicative of other cardiac disorders or in whom cardiomyopathy plays the 
dominant role when found simultaneously with another form of heart 


disease.?-* Accordingly, the newer diagnostic techniques have made it 


apparent that patients with cardiomyopathy constitute a greater pro- 
portion of patients with cardiac disease than was previously recog- 
nized. 
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Several factors have coincided to make a systematic 
* approach to the diagnosis of cardiomyopathy of the 


. utmost importance. In addition to the greater clinical 
— recognition of cardiomyopathy, an increasingly long list 
. . *of causes has been associated with primary myocardial 

- — disease, and the differential diagnosis has become both 
— lengthy and involved with several relatively exotic 


systemic disorders. Further, cardiac muscle can exhibit 


. only a limited variety of responses to the injuries im- 
- . posed on it by a large number of different disease states. 
< Finally, the diagnosis of cardiomyopathy has been 


| complicated by the fact that no definite etiology can be 


. established in the majority of patients with this disease 


state.! Accordingly, numerous attempts have been made 
to develop a classification of primary myocardial dis- 
eases that would be of diagnostic value with regard to 
the varying prognostic and therapeutic implications of 
the individual etiologic entities under consideration. 
Some authorities prefer to restrict the designation of 


7 primary myocardial disease to those situations in which 


no cause for cardiac disease can be established.® Most 


authorities include systemic disorders whose cardiac 
effects predominantly involve the myocardium under 
the designation of cardiomyopathy,'® because such 
inclusion serves to establish an awareness of and to 
provide for an approach to the diagnosis of those sys- 


temic disorders whose initial clinical presentation may 


primarily be manifested by the cardiovascular system. 
This formulation appears even more preferable at the 


. - present time because patients with primary myocardial 


disease are often detected at an earlier, even asymp- 
tomatic, stage of their disease by an abnormal electro- 
cardiogram or findings of an enlarged heart on chest 
X-ray film or abnormal cardiac findings during a rou- 
tine physical examination. 


Clinical Classification of Cardiomyopathy 


Attempts have been made to classify myocardial 
disease according to clinical, hemodynamic and 
pathologic features. However, most workers have 
adopted the classification of the cardiomyopathies 
initially proposed by Goodwin," which incorporates both 
pathologic and hemodynamic elements. Goodwin di- 


vided all prim&ry myocardial diseases into one of three 


types: congestive, hypertrophic or restrictive. This 


classification has proved most useful through the years, 
and has been especially helpful in providing a basis for 


the approach to the differential diagnosis of the problem 
of cardiomyopathy. 

Congestive cardiomyopathy consists of a marked 
destruction of ventricular myocardium that results 


.. morphologically in a severely dilated left ventricle with 
< normal or near normal left ventricular wall thickness. 


. From a hemodynamic standpoint, congestive cardio- 


E myopathy is characterized by severe impairment of 


ventricular contraction manifested by marked gener- 


- alized ventricular hypokinesia. In contrast, hypertro- 


 phic cardiomyopathy presents as a thick-walled left 


ventricular chamber particularly involving the septum, 
with normal or near normal cavity size and contractile 
performance. Whereas the primary hemodynamic ab- 
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TABLE 1 


Echocardiographic Findings in Three Types o 
Cardiomyopathy 


— - Res 





Congestive 
LV cavity ++ —orN 
LV wail thickness N + 
LV contractility wA or es or N à 
LV = left ventricular; — = decreased; N = normal; ^. 


creased. 


normality of congestive cardiomyopathy Massive di. 
minished left ventricular emptying, the primary ab- 
normality in hypertrophic cardiomyopathy consists ol 
impaired left ventricular filling frequently accompanied 
by an obstruction to left ventricular outflow. Restrictive 
cardiomyopathy represents a hybrid of the previous two 
pathophysiologic types. Thus, the morphologic picture 
of a restrictive process consists of a left ventricle with 
a concentric increase in wall thickness and normal cavity 
size. Hemodynamically, the ventricle in restrictive 
cardiomyopathy exhibits an impairment of left ven- 
tricular filling that may be combined with a reduction 
of left ventricular emptying secondary to decreased 
contractile performance. 


Classification of Cardiomyopathy by M Mode - 
Echocardiography 


The foregoing classification has provided an exces 
pathoanatomic basis on which to approach the classi- 
fication and differential diagnosis of cardiomyopathies 
by means of M mode echocardiography. Accordingly, 
patients with cardiomyopathy can readily be identified 
and classified by means of attention to three ultrasonic 
measurements of the left ventricle: cavity dimension, 
left ventricular wall thickness and shortening fraction 
(minor axis dimensional shortening calculated as LVED 

— (LVSD/LVED), where LVED and LVSD represent 
left ventricular end-diastolic and end-systolic-dimen- 
sions, respectively) (Table I). In this schema, patients 
with congestive cardiomyopathy will invariably mani- 
fest greatly increased left ventricular cavity size, normal 
or near normal interventricular septal and posterior wall 
thicknesses, and a diffusely hypokinetic left ventricle 
resulting in a markedly reduced shortening fraction? 
In contrast, patients with hypertrophic cardiomyopat hy 
characteristically manifest reduced or normal left 
ventricular cavity size and a marked increase in | t 
ventricular wall thickness with a septum that is char- 
acteristically 1.3 to 1.5 times as great as the posterobasal 
wall. With regard to contractile performance, alt l 
patients with hypertrophic cardiomyopathy may ex 
diminished contraction of the interventricular sep 
overall left ventricular contractile pattern is normal 
often hyperkinetic resulting in a high normal or- 
creased shortening fraction. An additional diagnos ? 
but nonspecific feature of obstructive hypertrophic 
cardiomyopathy present in many patients on M mode 
recordings is motion of the mitral valve leaflets in 
tole toward or on the interventricular cept i 
struct the left ventricular outflow tract.” 9 



















Patients with restrictive cardiomyopathy manifest 


echocardiographic patterns that bear a similarity to 
both congestive and hypertrophic types. *19 Thus, left 
ventricular cavity dimension is typically normal in pa- 
tients with restrictive disorders, although the left ven- 
tricle may be minimally dilated or even reduced in size 
if the ventricular myocardium encroaches on the cavity. 
Similar to patients with hypertrophic cardiomyopathy, 
patients with restrictive disorders of the myocardium 
exhibit a marked increase in left ventricular wall 
thickness; however, the wall thickening characteristi- 


cally is symmetric in nature, involving the septum and. 


posterior wall to an equivalent extent. Hemodynami- 
cally, restrictive disorders may produce little effect on 
systolic performance or may result in a significant de- 
crease in overall left ventricular contractile function as 
exhibited by a reduction in shortening fraction on 
echocardiography. Thereby, patients with primary 
myocardial diseases can readily be classified into con- 
gestive, hypertrophic or restrictive categories with use 
of a simple M mode echocardiogram. 

`M mode echocardiography may also be of value in 
distinguishing patients with severe left ventricular 
dysfunction due to congestive cardiomyopathy from 
those with diminished performance secondary to cor- 
onary artery disease. 

Etiologic classification: The ability to classify a 
patient into the category of congestive, hypertrophic or 
restrictive cardiomyopathy is of substantial aid in 
identifying the exact cause of the myocardial process.! 
Because disease states associated with primary myo- 
cardial involvement characteristically result in a specific 
category of cardiomyopathy, knowing the nature of the 
process in an individual patient can enable one to re- 
strict substantially the number of potential etiologic 
diagnoses. Thus, in patients with congestive cardio- 
myopathy one should evaluate the possibility of infec- 
tious causes, inflammatory processes such as collagen 
vascular disorders, toxins such as alcohol or cobalt, 
generalized skeletal muscle disorders such as muscular 
dystrophy or myocardial processes associated with 
pregnancy. The vast majority of patients with cardio- 
myopathy in whom no cause can be identified will be 
classified into the category of congestive cardiomyop- 
athy. Conversely, hypertrophic cardiomyopathy has not 
been associated with specific disease entities but rather 
has most often been shown to be genetic in origin, being 
transmitted in most patients as an autosomal dominant 
trait. The cardiac findings observed in hypertrophic 
cardiomyopathy may also be produced by hypertension 
or aortic valve disease; however, most authorities prefer 
to consider such cases under the designation of a pri- 
mary cardiovascular abnormality. Finally, restrictive 
cardiomyopathy is most often caused by diseases such 
as amyloidosis, hemochromatosis and glycogen storage 
diseases that result in infiltration of the myocardium 
by foreign substances. So-called obliterative cardio- 
myopathy, such as that secondary to endocardial fi- 
broelastosis, typically presents in the manner of a re- 
strictive process. 


1226 


Two Dimensional Echocardiography in 
Congestive and Restrictive Cardiomyopathy 

Several years' experience has demonstrated M mode 
echocardiography to be an effective tool in the recog- 
nition and categorization of primary myocardial disease. 
The recent availability of two dimensional echocardi- 
ography has promised to increase the potential of ul- 
trasound in the diagnosis and management of patients 
with cardiomyopathy. Two dimensional techniques 
have already provided important insights regarding the 
pathophysiology and diagnosis of hypertrophic car- 
diomyopathy.!*-!5 However, overall, the contributions 
of two dimensional echocardiography to the evaluation 
of patients with congestive or restrictive cardiomyop- 
athy have been limited to certain specific situations. 

Congestive cardiomyopathy: We have performed 
two dimensional echocardiograms in 40 patients in 
whom the diagnosis of congestive cardiomyopathy was 
established by cardiac catheterization or autopsy. Dif- 
fuse left ventricular dilation and hypokinesia were ob- 
served in all patients with congestive cardiomyopathy 
and were typically so marked and so generalized that 
two dimensional echocardiography was rarely required 
in addition to the M mode technique to diagnose this 
disorder (Fig. 1). However, two dimensional echocar- 
diography, by virtue of its ability to visualize a greater 
area of left ventricular myocardium, has provided 
documentation of segmental asynergy in some patients 
with coronary artery disease in whom M mode echo- 
cardiography was unable to detect segmental dyski- 
nesia. Thus, use of two dimensional techniques alone 
has enabled the diagnosis of ischemic heart disease to 
be established in these patients with severe cardiac 
dysfunction. Two dimensional echocardiography has 
also proved of value in the recognition of left ventricular 
mural thrombi that frequently complicate congestive 
cardiomyopathy (Fig. 2). These mural thrombi, which 
occasionally occupy substantial areas of the apex of the 
left ventricular cavity, can rarely be identified solely 
with M mode techniques. 

Restrictive cardiomyopathy: This cardiomyopathy 
is also a process that results in generalized left ventric- 
ular involvement. Accordingly, two dimensional echo- 
cardiography rarely adds significantly to the M mode 


diagnosis of restrictive disorders. At present, two di- 
mensional echocardiography has found its greatest 


utility in the evaluation of restrictive cardiomyopathy 
in regard to the differentiation from hypertrophic car- 
diomyopathy, and in the demonstration of right ven- 
tricular and biatrial involvement in infiltrative pro- 
cesses such as amyloidosis.!9 


Two Dimensional Echocardiography in 
Hypertrophic Cardiomyopathy 
Two dimensional echocardiography has made its 
most significant contributions in the evaluation of pa- 
tients with hypertrophic cardiomyopathy (patients with 
features of this disorder have also been considered 
under the designations idiopathic hypertrophic sub- 
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FIGURE 1. End-diastolic (left) and end-systolic (right) long axis two dimensional echocardiograms obtained in a patient with congestive cardiomyopathy. 
A dilated left ventricle (LV) with diffuse hypokinesia is observed. AO = aorta; LA = left atrium. 


aortic stenosis, asymmetric septal hypertrophy, hy- 
pertrophic obstructive cardiomyopathy and other dis- 
orders!^). Although a constellation of abnormalities on 


aspects of hypertrophic cardiomyopathy, including the 
precise site of systolic anterior motion and the geometric 
changes of the left ventricle associated with this dis- 


M mode echocardiography has been reported in hy- order. 
pertrophic cardiomyopathy including asymmetric 
septal hypertrophy, systolic anterior motion of the Technical Advantages 


mitral valve, anterior displacement of the mitral C 
point, mid systolic closure of the aortic valve leaflets and 
hypokinetic septal contraction, none of these findings 
have been found to have perfect sensitivity or specificity 
for this disorder. Moreover, M mode echocardiography 
has provided few data regarding several controversial 


The greater field of view and spatial orientation af- 
forded by two dimensional echocardiography have often 





FIGURE 3. Two dimensional echocardiogram in a long axis plane of 
a patient whose interventricular septum exhibits a marked anterior 
angulation. An M mode beam could traverse the septum tangentially 
through the path depicted by the arrows so as to give the false ap- 


pearance of asymmetric septal hypertrophy in this patient. Abbrevia- 
tions as before. 





FIGURE 2. Truncated apical four chamber view of the two dimensional 
echocardiogram of a patient with congestive cardiomyopathy and mural 
thrombus (T, arrows). RA = right atrium; RV = right ventricle. 
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FIGURE 4. Long axis two dimensional echocardiogram of a patient with 
hypertrophic cardiomyopathy whose interventricular septum (IS) is 
thickest at the level of the tips of the mitral valve (MV) leaflets. PW = 
posterior wall. 


enabled this technique to provide clarification regarding 
the diagnosis of hypertrophic cardiomyopathy in pa- 
tients with an equivocal M mode echocardiogram. ‘Thus, 
impediments to ultrasonic transmission may often 
render M mode echocardiograms of high quality diffi- 
cult to obtain from the left parasternal area, especially 
in regard to definition of the right and left ventricular 
surfaces of the septum. In such patients technically 
adequate two dimensional echocardiograms may be 
obtained from the apex at the point of maximal cardiac 
impulse and provide definitive diagnostic information 
regarding the presence of asymmetric septal hypertro- 
phy. An additional technical consideration relates to the 
spurious appearance of disproportionate septal thick- 
ening, which may be manifested by M mode echocar- 
diograms in patients with a marked anterior orientation 
of the septum. Thus, Fowles et al.!5 demonstrated that 
such anterior orientation may result in the M mode 
ultrasonic beam's traversing the septum tangentially 
so as to give a falsely increased appearance of septal 
thickness (Fig. 3). Two dimensional echocardiography 
is capable of recognizing such artifacts and can dem- 
onstrate the true thickness of the interventricular sep- 
tum as well as indicate the anterior orientation of the 
septum responsible for the M mode echocardiographic 
findings.!? 

Of greater importance than these technical advan- 
tages is the potential that two-dimensional imaging 
offers in providing valuable insights into many of the 
unresolved questions concerning hypertrophic cardio- 
myopathy. Thus, two dimensional echocardiographic 
observations have been reported in regard to the uni- 
formity of myocardial hypertrophy, the site of systolic 








FIGURE 5. Apical four chamber two dimensional echocardiogram in 
a patient with hypertrophic cardiomyopathy in whom the interventricular 
septum manifested its greatest width in the apical one third. 


anterior motion of the mitral valve and the position of 
the papillary muscles within the left ventricular cavity 
in patients with this disorder.!?-15?-?? Recently, we 
analyzed the cross-sectional echocardiograms of 25 
patients with hypertrophic cardiomyopathy. The di- 
agnosis of hypertrophic cardiomyopathy was reached 
when (1) no other cardiac abnormality could account 
for the findings, (2) a hypertrophied and nondilated left 
ventricle with or without a dynamic intraventricular 
obstruction was demonstrated at cardiac catheteriza- 
tion, or (3) the classic features of this disorder were 
present on physical examination and M mode echo- 
cardiography.® 89-12 In addition to the aforementioned 
issues, we have addressed ourselves to the hypothesis 
that a catenoid shape of the interventricular septum 
played an important role in the genesis of hypertrophic 
cardiomyopathy.?? . 


Uniformity of Asymmetric Septal Hypertrophy 


One of the most consistent M mode echocardio- 
graphic findings recorded in patients with hypertrophic 
cardiomyopathy was asymmetric septal hypertrophy 
or a disproportionate thickening of the interventricular 
septum 1.3 to 1.5 times greater than the left ventricular 
posterior wall.&?4 However, some patients were ob- 
served in whom left ventricular hypertrophy was con- 
centric on M mode echocardiography.?? Furthermore, 
studies utilizing biventricular cineangiography indi- 
cated that the interventricular septum was not uni- 
formly hypertrophied in its basal to apex length, but was 
often thicker in its mid portion than at either ex- 
treme.?9?7 Because two dimensional echocardiography 
enables visualization of nearly the entire interventric- 
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-ular septum, preliminary studies were undertaken to 
~determine the pattern of septal hypertrophy in patients 
with hypertrophic cardiomyopathy. !9 

Long axis view of septal hypertrophy: Two di- 
mensional echocardiograms were reviewed in every 
patient in each of the three standard orthogonal planes: 
long axis, short axis and four chamber view. For pur- 
poses of analysis, the septum was divided into thirds in 
apex to base length. The results showed that in the long 
axis view the septum was hypertrophied both absolutely 
and with respect to the posterobasal wall in each of the 
25 patients; however, the pattern of hypertrophy from 
base to apex varied within the group of patients studied. 
The majority of patients (69 percent) exhibited a 
gradual increase in septal thickness that began at the 
base, reached its greatest extent in the middle third in 
an area just at or below the tips of the mitral leaflets, 
and tapered gradually toward the apex (Fig. 4). In 26 
percent of patients the septum appeared to be hyper- 
trophied in a uniform fashion in the long axis view, with 
septal thickness being equivalent in the middle and 
basal thirds, in one patient (4 percent) the sep- 
tum appeared of greatest thickness in the basal 
third. 

Apical four chamber view: Although the apical 
portion of the septum was frequently not recorded in 
the long axis, the apical four chamber view visualized 
this structure throughout its apex to base length in each 
patient. The appearance of the septum in the four 
chamber view agreed with that observed in the long axis 
projection in all but two patients. In both patients the 
septum appeared to be of uniform shape in the long axis 
view, but in one patient it clearly exhibited greater hy- 
pertrophy in the middle third in another the greatest 
thickness in its apical third in the four chamber pro- 
jection (Fig. 5). 

Short axis view: This view provided the opportunity 
to evaluate the thickness of the myocardium throughout 
the circumference of the left ventricle for the first time. 
For descriptive purposes the interventricular septum 
was divided into anterolateral and posteromedial halves. 
The remainder of the left ventricle was again bisected 
into a posteroinferior region and a free wall. Of 19 pa- 
tients in whom ¢eft ventricular wall thickness could be 
discerned throughout the circumference of the left 
ventricle in an area of mid septum at or just below the 
tips of the mitral leaflets, all exhibited hypertrophy of 
the anterolateral septum. Equivalent hypertrophy of 
the posteromedial septum was observed in 15 patients, 
although this segment manifested a slightly greater 
degree of hypertrophy than the anterolateral septum 
in two patients (11 percent) and no hypertrophy in an- 
other two. The free wall of the left ventricle was ob- 
served to share in the hypertrophic process in 10 of 19 
patients (53 percent) (Fig. 6) and was hypertrophied to 
an equivalent extent as the interventricular septum in 
11 percent. Hypertrophy of some aspect of the post- 
eroinferior left ventricular wall was observed in only 3 
(16 percent) of 19 patients, and was lesser in magnitude 
than the septal hypertrophy in every patient except the 





FIGURE 6. Short axis two dimensional echocardiogram of a patient with 
hypertrophic cardiomyopathy with hypertrophy of the anterior free wall 
(FW) of the left ventricle as well as of the interventricular septum. MO 
= mitral valve orifice. 


one whose septum appeared to be hypertrophied to the 
greatest extent in the apical third in the long axis pro- 
jection. 

Patterns of ventricular hypertrophy: On the basis 
of the foregoing observations, it appears that there is a 
great heterogeneity in the pattern of left ventricular 
hypertrophy in patients with hypertrophic cardiomy- 
opathy. Thus, the hypertrophic process was observed 
to involve the anterior free wall of the left ventricle in 
addition to the interventricular septum in more than 
half of the patients studied, a finding similar to that 
initially observed by Teare.?? Furthermore, the distri- 
bution of hypertrophy within the interventricular 
septum does not occur in a uniform pattern in this dis- 
order. This hypertrophy is greatest in the anterolateral 
and middle third portions of the septum in the short and 
long axes, respectively, in the majority of patients, but 
equivalent or even greater in extent in other areas of the 
septum in a significant minority of patients. Although 
the hemodynamic, prognostic and therapeutic impli- 
cations of these various patterns of myocardial hyper- 
trophy cannot be resolved in this limited group of pa- 
tients, they remain an important area for future inves- 
tigation and promise to increase further the role of two 
dimensional echocardiography in the evaluation of 
patients with hypertrophic cardiomyopathy. 


Location of Systolic Anterior Motion 


One of the initial observations made by M mode 
echocardiography in patients with hypertrophic car- 
diomyopathy was the encroachment on the left ven- 
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FIGURE 7. Short axis two dimensional echocardiogram obtained in mid 
systole in a patient with hypertrophic cardiomyopathy. The anterior 
mitral leaflet (arrow) can be seen arching anterior and clearly playing 
a major role in systolic anterior motion. 


tricular outflow tract during systole by a group of echoes 
associated with the mitral valve leaflets.? These echoes 
were believed to represent systolic anterior motion of 
the mitral valve leaflets and were immediately impli- 
cated in the genesis of the intraventricular obstruction 
frequently associated with this cardiac disorder. AI- 
though considerable controversy focused on whether 
systolic anterior motion of the mitral valve was the re- 
sult of tensing of the chordae tendineae due to abnormal 
papillary muscle location?? or was secondary to suction 
exerted by a Venturi effect,! little question was raised 
that these echoes actually represented movement of the 
mitral valve leaflets. However, the advent of two di- 
niensional echocardiography brought into question the 
exact structures involved. Several investigators!*!4 
interpreted the two dimensional echocardiograms as 
demonstrating systolic motion of the papillary muscles 
or chordae tendineae rather than of mitral leaflets. 
Thus, as was true for the pattern of ventricular hy- 
pertrophy in patients with hypertrophic cardiomyop- 
athy, the site of anterior motion also appears to be 
heterogeneous. In the majority of cases long and short 
axis and four chamber two dimensional echocardio- 
grams clearly indicate that systolic anterior motion 
involves the tips of the mitral valve leaflets at the 
junction of the chordae tendineae as identified by the 
point of coaptation of mitral valve leaflets (Fig. 7). In 
most cases systolic anterior motion also involved the 
chordae tendineae themselves, and in only a small mi- 
nority of cases does the systolic anterior motion appear 
to involve the chordae tendineae exclusively. Although 
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systolic anterior motion of the papillary muscles and of* 
the entire length of the anterior mitral leaflet was also? 
observed in a subset of patients, these findings always 
occurred in conjunction with systolic anterior motion 
involving the chordae tendineae or mitral leaflet tips 
and seem to correlate with the existence of significant 
obstruction to the left ventricular outflow tract. In only 


' one case in this study was the existence of the mid 


ventricular obstruction able to be documented. 
Mechanism of interventricular obstruction: The 
acute angle anterior bend formed by the tips of the 
mitral valve leaflets does not lend support to the theory 
that systolic anterior motion is a result of tensing of the 
chordae tendineae due to the displacement of the pa- 
pillary muscles by the hypertrophied interventricular 
septum. However, an almost invariable occurrence in 
the presence of a significant intraventricular gradient 
was a markedly reduced left ventricular outflow tract 
throughout diastole with most of the length of the an- 
terior mitral valve leaflet positioned on the interven- 
tricular septum. The most reasonable interpretation of 
these data would seem to be that intraventricular ob- 
struction is related to malposition of the papillary 
muscles resulting in anterior displacement of the mitral 
apparatus that decreases the size of the left ventricular 
outflow tract and on which is superimposed a marked 
tethering at the tips of the mitral valve leaflets. 


Evaluation of Left Ventricular Geometry 


A variety of changes in left ventricular geometry have 
been reported with angiographic studies in patients with 
hypertrophic cardiomyopathy.?9?/ Thus, prominent 
and displaced papillary muscles as well as an orientation 
of the long axis of the left ventricle toward the left 
atrium rather than the aorta have been observed in 
patients with this cardiac disorder. Two dimensional 
echocardiography provides a unique opportunity to 
evaluate intracavitary left ventricular anatomy through 
multiple planes. Therefore, we analyzed the cross-sec- 
tional echocardiograms performed in this group of pa- 
tients in regard to possible alterations of left ventricular 
geometry. 

Role of the papillary muscles: As with previous 
aspects of hypertrophic cardiomyopathy, patients in 
this study did not have uniform findings in regard to left 
ventricular anatomy. 'The hypertrophied interventric- 
ular septum encroached on the left ventricular outflow 
tract so that the left ventricle in diastole was oriented 
to the left atrium rather than the aorta in both long axis 
and short axis and four chamber apical views in all but 
two of our patients. 'T'he position of the papillary mus- 
cles were evaluated in short axis view. Compared with 
normal subjects whose papillary muscles are typically 
recognized as discrete structures in the posterior half 
of the left ventricular cavity, our patients had as the 
characteristic finding prominent papillary muscles that 
were located in the center (63 percent) or even in the 
anterior half (10 percent) of the left ventricle. The or- 
ientation of the papillary muscles with respect to each 
other remained unchanged from the normal patients 
with hypertrophic cardiomyopathy. Thus, these data 
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-indicate that in most patients with hypertrophic car- 


-diomyopathy the left ventricle is characterized by a 


prominent septal bulge and anteriorly located papillary 
muscles that result in an orientation of the left ventricle 
toward the left atrium rather than the aorta. 


Findings After Septal Myectomy 


Although we have not accumulated any experience 
with two dimensional echocardiography after septal 
myectomy in the treatment of hypertrophic cardio- 
myopathy, Fowles et al.!® have reported preliminary 
findings in two patients treated in this manner. In each 
patient evaluated in that study, surgical therapy was 
followed by the appearance on two dimensional echo- 
cardiography of thinning of the interventricular septum 
as well as disappearance of previously recognized sys- 
tolic anterior motion of the mitral valve. Further al- 
terations in papillary muscle position and chamber or- 
ientation were not recorded. It is likely that two di- 
mensional echocardiography will provide a most useful 
method not only to assess the efficacy of myectomy in 
the surgical therapy of hypertrophic cardiomyopathy 


but also to evaluate the mechanisms by which this 
procedure corrects the hemodynamic dysfunction. 


Conclusion 


Echocardiography has assumed an important posi- 
tion in the identification and differential diagnosis of 
primary myocardial disease. Two dimensional echo- 
cardiography has amplified the role of ultrasound in the 
evaluation of patients with cardiomyopathy in specific 
areas, and has been of particular value in the setting of 
hypertrophic cardiomyopathy. It is anticipated that 
further experience in observing the response to therapy 
and the natural history of patients with cardiomyopathy 
who manifest specific findings on two dimensional 
echocardiography will result in an even greater role for 
this technique in this patient population in the fu- 
ture. 
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Radionuclide imaging techniques add an important dimension to the di- 
agnosis, classification and management of myocardial disease. The gated 
blood pool scan provides information allowing determination of the 
functional type of cardiomyopathy (congestive, restrictive or hypertrophic) 
as well as evaluation of ventricular performance. Myocardial perfusion 
imaging with thallium-201 is useful in distinguishing congestive cardio- 
myopathy from severe coronary artery disease and also in depicting septal 
abnormalities in hypertrophic cardiomyopathy. Radionuclide techniques 
also prove useful in following progression of disease and in evaluating the 
efficacy of therapeutic interventions. 


The term cardiomyopathy refers to disease of the heart muscle. In 
clinical practice cardiomyopathies demonstrate a defect in the function 
of the myocardium precluding the heart from maintaining adequate 
systemic perfusion with normal filling pressures. The cardiomyopathies 
are traditionally grouped into categories reflecting function! or etiology? 
(Table I). For the purpose of this discussion, the former classification, 
including congestive (or dilated), restrictive and hypertrophic cardio- 
myopathy will be used. The differentiation of the various classifications 
has diagnostic, therapeutic and prognostic implications, yet may be 
difficult to determine clinically. 

Radionuclide imaging techniques can assist in this differentiation, 
quantify the severity of diminished myocardial performance and assess 
therapeutic responses.? Gated cardiac blood pool scanning or radionu- 
clide angiography permits evaluation of ejection fraction, ventricular 
size and wall motion and interventricular septal thickness and config- 
uration.* With this information, the functional class of the cardiomy- 
opathy can be established (congestive, restrictive or hypertrophic), and 
various etiologic possibilities are suggested. Nonmyocardial forms of 
heart disease that secondarily involve the myocardium® can simulate a 
primary cardiomyopathy. The diagnosis can frequently be clarified with 
radionuclide techniques. Myocardial imaging with thallium-201 is useful 
in detecting disease that replaces (for example, fibrosis) or displaces (for 
example, metastatic neoplasm) myocardium. It is of particular value in 
differentiating myocardial dysfunction resulting from coronary artery 
disease from congestive cardiomyopathy and in depicting septal ab- 
normalities in hypertrophic cardiomyopathy. The use of radionuclide 
techniques, together with other noninvasive approaches, such as ultra- 
sound, adds an important dimension in the diagnosis and management 
of patients with cardiomyopathy. In this review, the radionuclide find- 
ings in the three functional types of cardiomyopathy will be dis- 
cussed. 


Congestive Cardiomyopathy 


The most common of the cardiomyopathies, congestive (or dilated) 
cardiomyopathy, is characterized by evidence of left- and right-sided 
heart failure. Although the clinical course of the disease may be quite 
variable,? the ventricles are invariably dilated, often hypertrophied and 
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et 
TABLE | 
Sue 
Classification of the Common Cardiomyopathies 
Etiology Congestive (Dilated) Restrictive Hypertrophic 
| Idiopathic Idiopathic Endocardial fibroelastosis Obstructive 
Postpartum (restrictive type) 
Endocardial fibroelastosis Endomyocardial fibrosis Nonobstructive 
$ (dilated type) Davies' disease 
Loeffler's disease 
Toxic Ethanol 
Heavy metals (cobalt, etc.) 
Doxorubicin 
Inflammatory Infective 
Viral 
Diphtheria 
Chagas' disease 
Noninfective 
Rheumatic myocarditis Scleroderma 
Systemic lupus erythematosus Amyloid 
Sarcoidosis Neoplasm 
Polyarteritis 
Metabolic Thiamine deficiency Hemochromatosis 
Acromegaly Glycogen storage disease 
Thalassemia 
Neuromuscular Friedrich's ataxia 
Muscular dystrophy 





commonly have mural thrombi.9 The stroke volume is 
diminished and the heart rate may be increased, usually 
with reduced cardiac output. The chest X-ray film 
demonstrates generalized cardiomegaly. 

Radionuclide angiography: The gated blood pool 
scans of patients with congestive cardiomyopathy have 
a typical appearance. Both ventricles are dilated and 
have diminished wall motion. Usually the left ventricle 
is affected more than the right. The left ventricular 
ejection fraction is usually less than 0.3 and occasionally 
as low as 0.1. The atria and pulmonary artery may be 
dilated. An example of a gated blood pool scan from a 
patient with congestive cardiomyopathy is shown in 
Figure 1. Patients with severe coronary artery disease 
and repeated myocardial infarction may have gated 
blood pool scans resembling those of congestive car- 
diomyopathy. In general, a global or homogeneous re- 
duction in wall motion occurs in congestive cardiomy- 
opathy,’ whereas the basal septum and anterobasal 
segment often mdVe normally in severe coronary dis- 
ease. Nevertheless, the distinction between congestive 
cardiomyopathy due to coronary disease and primary 
congestive cardiomyopathy may be difficult. Some 
patients with left heart failure due to a left ventricular 
aneurysm may also have gated blood pool scans re- 
sembling those of congestive cardiomyopathy.® Al- 
though the gated blood pool scan usually identifies the 
presence of an aneurysm, in some patients the scan may 
be misleading. Thallium perfusion imaging is often 
"useful in this situation, but cardiac catheterization and 
left ventriculography may.be required to distinguish 
definitively between these disorders. 

Myocardial imaging with thallium: Myocardial 
perfusion imaging at rest with thallium-201 in patients 
with congestive cardiomyopathy demonstrates ven- 
tricular dilatation with either normal or diffuse ho- 
mogenous reduction in uptake (Fig. 2). Congestive heart 
failure due to severe or repeated myocardial infarction, 
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or both, can often be distinguished from congestive 
cardiomyopathy using thallium-201 scintigraphy. It is 
for this purpose that thallium-201 is most useful in 
suspected congestive cardiomyopathy. As shown by 
Bulkley et al.,? congestive heart failure due to coronary 
disease is usually associated with large (more than 40 
percent) circumferential defects in the thallium-201 
image in any single projection (Fig. 3). Although some 
patients with congestive cardiomyopathy may have 
thallium-201 defects, those defects are almost always 
less than 20 percent in circumference. Although the 
thallium perfusion findings may not be totally specific, 
they can help determine whether congestive cardio- 
myopathy is primary or due to coronary artery dis- 
ease. 

Comparison with echocardiography: Cardiac ul- 
trasound is also useful in evaluating ventricular size and 
function in congestive cardiomyopathy. However, as 
pointed out by Corya et al.,? it may be difficult to dis- 
tinguish congestive cardiomyopathy from severe coro- 
nary disease with one dimensional echocardiography. 
Two dimensional echocardiography appears to offer 
significant advantages over the one dimensional ap- 
proach. Folland et al.,!? showed that ejection fraction 
obtained using two dimensional echocardiography 
correlates reasonably well with that obtained by cine 
and radionuclide techniques. Furthermore, segmental 
wall motion abnormalities may be detected using 
cross-sectional ultrasound.!! The problem of adequate 
penetration of the ultrasonic beam in certain patients 
with lung disease or an abnormal chest configuration 
may make the technique difficult or impossible. How- 
ever, radionuclide images can be obtained in all patients 
and in multiple oblique projections. 

Serial examinations of the heart using radionuclide 
techniques may allow evaluation of progression of dis- 
ease or efficacy of therapeutic interventions. For ex- 
ample, radionuclide angiocardiography has been used 
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FIGURE 1. Anterior (upper) and 50° left anterior oblique (lower) views 
at end-systole (left) and end-diastole (right) of the gated blood pool scan 
of a patient with congestive cardiomyopathy. Note the generalized 
cardiomegaly and the marked reduction of left ventricular contraction. 
a = anterior end-systolic frame; b = anterior end-diastolic frame; c = 
LAO end-systolic frame; d = LAO end-diastolic frame. 


to assess doxorubicin cardiotoxicity serially.!? In ad- 
dition, comparison of the gated blood pool scans at rest 
and during exercise may allow detection of early and 
subtle left ventricular dysfunction when the scan at rest 
is normal.!? 


Restrictive Cardiomyopathy 


Restrictive cardiomyopathy is a rare disease in the 
United States and represents the least common group 
of cardiomyopathy. This form of cardiomyopathy 
causes signs of right- and left-sided heart failure with 
a normal-sized heart and may mimic constrictive peri- 
carditis. Neck vein distension with rapid x and y de- 
scents, and pulsus paradoxus may be present. Patho- 
logically, the disease is characterized by either an in- 
filtrative process or endocardial fibrosis. Physiologically, 
the hallmark of restrictive cardiomyopathy is low ven- 
tricular compliance, resulting in inadequate filling, even 
in the presence of high atrial pressures. 

'The gated blood pool scan is useful in distinguishing 
restrictive from congestive cardiomyopathy by visual- 
ization of ventricular size. In the congestive form, the 
chambers are diffusely enlarged, whereas in the re- 
strictive form, ventricular size is normal. Ventricular 
wall motion may be mildly depressed or, in the early 
stages of the disease, may be normal. 

Differentiation of restrictive cardiomyopathy 
from constrictive pericarditis: Clinically this dif- 
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FIGURE 2. Anterior (upper) and left anterior oblique (lower) projections 
of the exercise (left) and delayed (right) thallium-20 1 perfusion scans 
of a patient with congestive cardiomyopathy (the same patient as in Fig. 
1). There is thallium uptake throughout the myocardium, despite the 
severe wall motion abnormalities. Note the increased pulmonary 
thallium activity during exercise and the increase in left ventricular size 
during exercise. a — anterior exercise image; b — anterior delayed 
image; c — LAO exercise image; d — LAO delayed image. 


ferentiation may be very difficult. Infiltrative cardio- 
myopathy is often associated with increased ventricular 
wall thickness, and myocardial imaging with thallium- 
201 may be helpful. Increased wall thickness may also 
be detectable with ultrasound.!* Ultrasound may also 
permit detection of diastolic posterior wall flatness, a 


finding that Voelkel et al.!? believe characteristic of 
I 
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FIGURE 3. Anterior (ANT) and left anterior oblique (LAO) projections 
of the rest thallium-201 scan of a patient with severe coronary artery 
disease and the clinical presentation of congestive cardiomyopathy. 
Note the large inferoposteroapical thallium perfusion defect. 
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FIGURE 4. Anterior (upper) and 50° left anterior oblique (lower) views 
of the gated blood pool scan of a patient with hypertrophic cardiomy- 
opathy. Note the disproportionate upper septal thickening in the left 
anterior oblique end-diastolic frame (d). Note also the loss of the normal 
septal concavity toward the left ventricle and the near cavity obliteration 
at end-systole. a = anterior end-systolic frame; b = anterior end-dia- 
stolic frame; c = left anterior oblique end-systolic frame; d = left an- 
terior oblique end-diastolic frame. 


pericardial disease. Occasionally, it may be impossible 
to determine clinically whether the patient has re- 
strictive cardiomyopathy or constrictive pericardial 
disease. In such a situation right ventricular or peri- 
cardial biopsy, or both, may be necessary. 


Hypertrophic Cardiomyopathy 


Until the use of noninvasive imaging techniques be- 
came widespread, reports concerning hypertrophic 
cardiomyopathy were confusing because different 
names were used to describe different features of the 
disease. Idiopathic hypertrophic subaortic stenosis 
(IHSS) was used by Braunwald et al.!6 to describe the 
dynamic outflow obstruction in patients with hyper- 
trophic cardiomyopathy,!® whereas Brent et al.!? used 
“the term muscular subaortic stenosis. Goodwin et al.18 
used the term hypertrophic obstructive cardiomyopathy 
(HOCM), emphasizing the myocardial abnormality. 
Hypertrophic cardiomyopathy is a term that encom- 
passes those hearts with and without outflow obstruc- 
tion. 

Pathologically, the disease is characterized by left 
ventricular hypertrophy, generally asymmetric, with the 
septum thickened disproportionately.!9-22 The left 
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FIGURE 5. Illustration of the 50? left anterior oblique views of the heart 
in the different types of cardiomyopathy at end-systole and end-diastole. 
The radionuclide features of each type are discussed in the text. 


ventricular outflow obstruction is caused by the hy- 
pertrophic septum and abnormal anterior motion of the 
anterior leaflet of the mitral valve.??24 There may be 
associated mitral regurgitation. Heart failure is a result 
of diminished left ventricular compliance, outflow ob- 
struction and mitral regurgitation. 

Echocardiography: Cardiac ultrasound has proved 
very useful in the diagnosis of hypertrophic cardiomy- 
opathy. Asymmetric septal hypertrophy is generally 
easily detected with echocardiography, but it is not a 
specific finding and may be caused by right ventricular 
hypertrophy.?? Systolic anterior motion of the anterior 
leaflet of the mitral valve can also be detected with ul- 
trasound and was thought to be diagnostic of hyper- 
trophic cardiomyopathy with obstruction.?9 Several 
reports have indicated that this finding also is not to- 
tally specific.?7-?9 

Radionuclide imaging: Radionuclide techniques 
have been shown to be helpful in the diagnosis of hy- 
pertrophic cardiomyopathy. 'The gated blood pool scan 
permits visualization of the interventricular septum 
when obtained in the 40? to 50? left anterior oblique 
view. Normally, the interventricular septum is curvi- 
linear, concave toward the left ventricle. As shown by 
Pohost et al.,°° the gated blood pool scan reveals dis- 
proportionate upper septal thickening in approximately 
50 percent of patients with hypertrophic cardiomyop- 
athy and loss of normal septal concavity toward the left 
ventricle in 73 percent (Fig. 4). The latter finding, al- 
though more frequent, is less specific, being found in 
patients with aortic stenosis and in some normal people. 
In the anterior projection, left ventricular cavity oblit- 
eration may occasionally be observed. 

Thallium myocardial imaging has been used to as- 
sess hypertrophic cardiomyopathy. The scans may 
demonstrate asymmetric septal hypertrophy.?! Greater 
basal septal thickness relative to posterior wall thickness 
was believed to be an indicator of left ventricular out- 
flow obstruction. As shown by Mews et al.,?? the gated 
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thallium-201 scan in patients with hypertrophic car- 

. diomyopathy demonstrated disproportionate upper 
septal thickening at end-diastole, similar to that ob- 

served at end-diastole in the gated blood pool scan. 

A summary of the cardial configuration in the various 
types of cardiomyopathy is shown in Figure 5. The left 
anterior oblique views illustrate how radionuclide 
techniques can differentiate among the different 
functional types. 


Summary 


Radionuclide techniques are easily obtainable non- 
invasive examinations that provide useful information 
in the evaluation, diagnosis and management of patients 
with cardiomyopathy. The gated blood pool scan allows 
determination of ventricular size, configuration and wall 


and septal thickness. These data permit diagnosis of the 
functional class of the cardiomyopathy (congestiv®, 
restrictive or hypertrophic). Thallium-201 perfusion 
imaging adds further information and is particularly 
useful in distinguishing congestive cardiomyopathy * 
from severe coronary artery disease and in depicting 
septal abnormalities in hypertrophic cardiomyop- 
athy. , 
Useful as these techniques are, they are not substi- 
tutes for traditional approaches to diagnosis. Careful 
history taking and physical examination, as well as 
scrutiny of the electrocardiogram, chest X-ray film and 
echocardiogram should be standard practice for eval- 
uation of patients with suspected cardiomyopathy. 
Judicious use of noninvasive techniques may obviate 
the need for cardiac catheterization in many patients. 
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Two dimensional echocardiography has enhanced the ability of the 
Clinician to define accurately intracardiac anatomy and great vessel 
relations. By visualizing relations of the great arteries and determining 
ventricular situs in the parasternal short axis planes and by assessing the 
relation of the great arteries to ventricles, atrioventricular (A-V) valves 
and the interventricular septum in the parasternal and apical long axis 
view, complex congenital heart disorders can readily be differentiated. 
The subcostal approach allows accurate identification and localization 
of interatrial and interventricular septal defects. Utilizing the apical 
parasternal four chambered or subcostal four chambered view, complex 
malformations of the A-V valves such as complete endocardial cushion 
defect and Ebstein’s anomaly can readily be appreciated. The suprasternal 
approach has allowed direct visualization of a coarcted aortic segment. 
The differentiation of left and right ventricular outflow obstruction is also 
possible. In some patients, it is possible to achieve an accurate diagnosis 
with two dimensional echocardiography alone. In others, two dimensional 
echocardiography provides accurate and detailed information with regard 
to spatial anatomy and valve morphology so that invasive studies can be 
performed more expeditiously, with less contrast agent and hence with 
greater safety. 

With regard to future developments, better resolution capability with 
newer instrumentation and combined two dimensional echocardiography 
with Doppler blood flowmeter studies may provide even greater diagnostic 
accuracy in the evaluation of patients with congenital heart disorders. 


The ability of two dimensional echocardiography to visualize spatial 
relations is particularly useful when evaluating patients with congenital 
heart disease. A variety of instruments are available for recording two 
dimensional echocardiograms.!-* The echocardiographic approach to 
congenital heart disorders differs from the clinical approach. Instead 
of differentiating cyanotic from noncyanotic congenital heart disorders, 
stressing ventricular dominance, pulmonary blood flow and pulmonary 
hypertension, two dimensional echocardiography visualizes anatomic 
relations and the structural defects. 


Examination Technique 


Several different cross-sectional planes are employed when evaluating 
patients with congenital heart disease. These consist of a parasternal 
long axis view, parasternal short axis views and the apical four cham- 
bered view. In addition, the subcostal and suprasternal approaches are 
also routinely employed. Space does not permit detailed description of 
all these anatomic planes, and there are many excellent publications?-? 
addressing themselves to these various planes. For the purpose of this 
review, certain planes will be discussed in greater detail. 

Subcostal approach (Fig. 1): The subcostal approach is particularly 
useful in evaluating infants and children with a variety of congenital 
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cardiac disorders.™8 One group of investigators’ utilizing 
the subcostal approach place the transducer along a 
coronal plane parallel to a line between the patient's 
shoulders with the scan plane tilted about 45? down- 
ward from the plane of the anterior chest wall. This view 
allows visualization of both the atrial cavities, the in- 
teratrial septum, the ventricular septum, both ven- 
tricular cavities and the atrioventricular (A-V) valves. 
Because both the interatrial septum and membranous 
portion of the interventricular septum are somewhat 
perpendicular to the ultrasonic beam, they are usually 
completely imaged, and very little echo dropout occurs. 
Other investigators have used a slightly modified ap- 
proach.? Initially, the transducer is placed in the sub- 
costal area, perpendicular to the frontal plane. The 
echographic beam is oriented parallel to the horizontal 
axis of the trunk to identify the normally rightward vena 
cava and leftward abdominal aorta anterior to the spine. 
Generally, the aorta is typically circular in shape, and 
the inferior vena cava is triangular. By tracking the 
course of the inferior vena cava to its junction with-the 
right atrium, visualization of the entire right atrium can 
be accomplished. Once the right atrium has been iden- 
tified, the transducer is rotated clockwise along its 
longitudinal axis until both atria, the interatrial septum, 
right pulmonary vein, mitral valve leaflets and tricuspid 
valve anulus are identified. Care must be undertaken 
in differentiating the eustachian valve from the inter- 
atrial septum. The eustachian valve appears to partition 
the right atrial-vena caval junction into an anterior and 
posterior compartment. 


Echocardiographic Approach to 
Congenital Heart Disease 


'The two dimensional echocardiographic approach in 
patients with complex congenital heart disorders de- 
pends on three basic steps. 

Great arterial relations: The anatomic relation of 
the great arteries is best assessed in the parasternal 
short axis view. The right ventricular outflow tract 


FIGURE 1. Diagrammatic illustration (B) 
obtained from the subcostal approach 
(A). The beam is perpendicular to the 
interatrial and membranous portion of 
the interventricular septum (IVS). Right 
atrium (RA), interatrial septum (IAS) and 
left atrium (LA) are clearly demon- 
strated as are the tricuspid (TV) and 
mitral (MV) valves. The interventricular 
septum separating the right ventricle 
(RV) and the left ventricle (LV) is well 
demonstrated. The liver is normally 
seen as a dense mass of echoes. Ao — 
aorta; | = inferior; L = left; PA = pul- 
monary artery; S — superior. 


crosses anterior to the aorta and has a sausage-like ap- 
pearance (Fig. 2). The pulmonary artery is therefore 
visualized anterior and to the right of the aorta. By ro- 
tating and angulating the transducer in a clockwise 
manner, the bifurcation of the pulmonary artery can be 
normally visualized. 

In d-transposition of the great arteries, two great 
arteries are visualized in an anterior-posterior position 
with the aorta anterior and the pulmonary arterial trunk 
posterior? (Fig. 2). By following each respective vessel, 
the aorta and pulmonary artery can be differentiated. 
The pulmonary artery is recognized by its bifurcation 
into left and right main pulmonary arteries. The aorta 
is identified as an anterior-situated vessel with a long 
ascending course, with its three main branches exiting 
from the aortic arch. In truncus arteriosus, one single 
great artery is identified and only one circle will be im- 
aged on the cross section. 

Ventricular situs: Assessing ventricular situs can 
usually be accomplished by imaging the ventricles in the 
short axis views. Anatomically, the mitral valve is found 
in the morphologic left ventricle and the tricuspid valve 
in the morphologic right ventricle. The mitral valve can 
be identified as two leaflets that resemble an ellipse in 
diastole to the left of the septum. The tricuspid valve 
has a more anterior attachment than the mitral valve 
on cross section and may appear triangular in shape 
during diastole, and never has the appearance of an el- 
liptically shaped structure. 

Relation of the great arteries to ventricles, A-V 
valves and septum: Initially, Henry et al.?:1? employed 
a novel technique to determine the connections between 
the great arteries and the ventricles. The first step 
consisted of cross-sectioning of the heart at the base of 
the left-sided ventricle, that is, at the tip of the leaflets 
of the left-sided A-V valve. The ventricular septum is 
then identified. The transducer is then angled in a 
cephalad direction until the origins of the great arteries 
are identified. These images are recorded on videotape 
and replayed for analysis. With the image of the ven- 
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FIGURE 2. A, parasternal cross-sectional view in a normal patient 
showing the aorta (Ao) and the relation of the right ventricular outflow 
tract (RVOT) and pulmonary valve (PV) anterior to it. The classic circle 
and sausage-shaped structures are evident. B, parasternal cross- 
sectional view in a patient with d-transposition of the great arteries 
(d-TGA). The aorta is anterior and to the right of the circular pulmonary 
artery. A = anterior; P = posterior; other abbreviations as in Figure 
1. 


tricular septum on the video screen, the tape recorder 
is moved frame by frame until a late diastolic frame is 
obtained. A transparent plastic sheet is taped over the 
video screen and the right and left surfaces of the ven- 
tricular septum are traced. The tape recorder is then 
advanced until a late diastolic image of the origins of the 
great arteries is seen. The outline of the ventricular 
septum on the plastic sheet is then compared with the 
image of the great arteries, thus allowing the spatial 
relations between the great arteries and ventricles to be 
determined. In normal subjects, the aorta originates 
posterior and to the left of the ventricular septum. In 
tetralogy of Fallot, the gorta is displaced anteriorly and 
to the right so that it overrides the ventricular septum. 
Similarly, in double outlet right ventricle, both great 
arteries originate anterior and to the right of the ven- 
tricular septum. Technique is most important in com- 
paring the position of the great arteries and the ven- 
tricular septum during late diastole. Malplacement of 
the transducer may produce inaccurate information 
about the degree of overriding. 

Although the approach of Henry et al. is a useful one, 
it is not always practical. Overriding of the aorta can be 
readily detected in the parasternal and apical long axis 
views. In addition, precise relations of the great artery 
in relation to the ventricular chambers can be readily 
assessed with the apical four chambered view. 


Clinical Application 


Utilizing the three basic echocardiographic ap- 
proaches—namely, great arterial relations, ventricular 
situs and the relation of the great arteries to the ven- 
tricles, A-V valves and ventricular septum—complex 
cyanotic congenital disorders can be readily evalu- 
ated. 

Tetralogy of Fallot: The anatomic abnormalities in 
tetralogy of Fallot consist of right ventricular hyper- 
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trophy, overriding aorta, ventricular septal defect, and 
various degrees of pulmonary stenosis. Two-dimen- 
sional echocardiography has been found to be more 
reliable than M mode echocardiography in the evalua- 
tion of patients with tetralogy of Fallot.!! The pulmo- 
nary valve was recorded in 90 percent of patients with 
two dimensional echocardiography but in only 26 per- 
cent of patients with M mode echocardiography. Two 
dimensional echocardiography detected the ventricular 
septal defect in 95 percent of patients, whereas the de- 
fect was detected in only 76 percent with the M mode 
technique. The interventricular septal defect is char- 
acterized as an abrupt dropout of septal echoes rather 
than the normal blending of septal echoes with anterior 
aortic wall echoes. Aortic overriding was demonstrated 
in all patients with tetralogy of Fallot on both two di- 
mensional and M mode echocardiography. In the long 
axis view, normal fibrous continuity is present between 
the hinge point of the anterior mitral leaflet and the 
posterior aortic root. 

Aortic overriding and a large ventricular septal defect 
are not specific for tetralogy of Fallot and can occur in 
truncus arteriosus (Fig. 3A) and in ventricular septal 
defect with pulmonary atresia. In the short axis view, 
the narrowed right ventricular outflow tract in tetralogy 
is anterior to the aorta whereas in pulmonary atresia or 
truncus arteriosus neither the pulmonary valve nor the 
right ventricular outflow tract is imaged.!? In addition, 
the results of surgery can be reliably evaluated with use 
of two dimensional echocardiography.!! In all patients 
operated on, aortic septal continuity and an increase in 
the right ventricular outflow tract were demonstrated 
postoperatively. 

Truncus arteriosus: Generally, truncus arteriosus 
is associated with aortic overriding and normal mitral- 
aortic valve continuity. On rare occasions, aortic over- 
riding may not always be demonstrated on two dimen- 
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FIGURE 3. A, diastolic (Diast.) and systolic (Syst.) frames obtained in the parasternal longitudinal axis view in a patient with truncus arteriosus showing 
aortic overriding and a large ventricular septal defect. A large anteriorly situated aorta is apparent with the aortic valve leaflets in the plane of the 
septum. There is normal mitral (MV) and aortic valve continuity. B, same patient. Parasternal cross-sectional view demonstrating single truncus 
(TA) with absent right ventricular outflow tract and pulmonary valve. LPW = left ventricular posterior wall; PM = papillary muscle; RAW = right 


anterior wall; other abbreviations as before. 


sional echocardiography.!? A single great artery arises 
from the left ventricle. In addition, there is an absent 
right ventricular outflow tract (Fig. 3B). After repair of 
a truncus arteriosus with a Rastelli operation, thick 
dense echoes are recorded.!? These dense echoes rep- 
resent the ventricular septal patch and are indicative 
of established continuity of the aorta and the ventricular 
septum. In addition, the right ventricular outflow tract 
created by a porcine valve containing conduit is dem- 
onstrated around the aorta in a clockwise direction.!? 

Double outlet right ventricle: This is a rare con- 
genital malformation. The pulmonary artery arises in 
its normal position and the aorta arises from the right 
ventricle. The great arteries may either be side by side, 
d-malposed, l-malposed or normally related. A large 
ventricular septal defect is present but may be above or 
below the crista supraventricularis. Pulmonary stenosis 
may or may not be present. The Taussig-Bing anomaly 
has been used to describe two variations: (1) exclusive 
right ventricular origin of both great arteries, or (2) right 
ventricular aorta with biventricular pulmonary trunk, 
a large ventricular septal defect and absent pulmonary 
stenosis. 1° 


The angiographic and M mode echocardiographic 
findings rely principally on the demonstration of mi- 
tral-semilunar valve discontinuity. However, it is not 
always possible to recognize discontiņuity with M mode 
techniques. The two dimensional echocardiographic 
features of double outlet right ventricle have recently 
been described.!? In nine patients with double outlet 
right ventricle who had not been operated on, the 
characteristic two dimensional echocardiographic 
finding was the inability to identify any great artery 
emerging from the left ventricle. In the longitudinal axis 
view, no continuity existed between the anterior leaflet 
of the mitral valve and the imaged semilunar valve. This 
lack of continuity can be identified as an echo-dense, 
area representing left-sided conal tissue between the 
hinge point of the anterior leaflet of the mitral valve and 
the posterior margin of the great artery. 

In the short axis view, the major observation in seven 
of nine patients was the ability to visualize both great 
arteries anteriorly and the ventricular septum posteri- 
orly when sweeping from the left ventricle to the base 
of the heart. The two dimensional echocardiographic 
features in patients who have undergone surgery for 


1240 December 18, 1980 The American Journal of CARDIOLOGY Volume 46 


. double outlet right ventricle consist of a left ventricular 
outflow tunnel created by the ventricular septal patch 
and the subaortic conus. 

d-Transposition of great arteries: The ventricular 
situs is normal in this condition and two great arteries 
leave the heart. The outflow tracts do not cross and the 
great arteries are parallel. Both mitral-semilunar valve 
and septal-great artery continuity are present. In the 
short axis view of the base of the heart, the aorta is di- 
rectly anterior or anterior and rightward to the pul- 
monary artery (Fig. 2). No clockwise rotation of the 
right ventricular outflow tract is observed around the 
aorta. The medial vessel or pulmonary artery can be 
identified by scanning in a cephalad and clockwise di- 
rection and visualizing its bifurcation into right and left 
pulmonary arteries. 

Frequently, other congenital abnormalities are 
present in d-transposition of the great arteries; these 
include tricuspid atresia, single ventricle, endocardial 
cushion defect and straddling tricuspid valve and 
should be looked for carefully. The two dimensional 
echocardiographic feature after repair with the Mustard 
operation have not been described completely. 

Congenitally corrected l-transposition of the 
great arteries: In this condition, the ventricles are 
inverted so that the tricuspid valve is to the left of the 
septum. In the long axis view in patients with congeni- 
tally corrected l-transposition, continuity cannot be 
established between the left-sided systemic A-V valve 
(the tricuspid valve) and the left-sided (systemic) 
semilunar valve (aortic valve). When the heart is viewed 
in cross section, the A-V valve to the left of the septum 
does not appear to be elliptically shaped in mid diastole 
but is seen to consist of three leaflets. The elliptically 
shaped valve in mid diastole is seen to the right of the 
septum. An increased echo density representing the 
infundibulum of the right ventricle is observed between 
the hinge point of the tricuspid valve and the posterior 
aortic root.!? In the parasternal short axis or apical view, 
the great arteries are seen clearly to arise from separate 
ventricles. In the parasternal short axis view, either the 
great arteries are visualized in a side by side position or 
the aorta is antegior and to the left of the pulmonary 
artery.!? 

Straddling tricuspid valve: Confusion has arisen 
between the terms straddling and overriding. In one 
study,!* overriding describes the relation of the valve 
anulus to a septum, whereas straddling describes the 
situation wherein the valve or chordal apparatus is at- 
tached to both sides of a septum. In another study, the 
term malposition of the A-V valves has been used to 
include all forms of positional abnormalities of the 
various components of the valve apparatus in relation 
to its corresponding ventricle. In that study straddling 
is defined when the valve anulus is displaced in relation 
to the ventricular septum to lie across the ventricular 
septal defect with abnormal attachments of portions of 
the leaflet apparatus to the papillary muscle or to the 
contralateral ventricular septal surface or to both.!^ The 
term malattachment is defined as the situation in which 
no significant anular straddling is present and portions 
of the leaflet apparatus are attached to the crest of the 
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left ventricular surface of the ventricular septum (septal 
malattachment) or to the contralateral ventricle (ven- - 
tricular malattachments). For the purposes of this re- 
view, the latter definitions have been adopted. 

Two main types of positional abnormalities of the 
A-V valves were recognized by Aziz et al.,19 who used 
two-dimensional echocardiography and compared the 
findings with those of angiographic and postmortem 
studies. In one group of patients, the A-V anulus strad- 
dles the ventricular septum above the contralateral 
ventricle. In the parasternal long axis view, the tricuspid 
valve is seen to course from the anterior aspect of the 
pulmonary artery across the ventricular septal defect 
into the left ventricle where it is confluent with the 
mitral valve. In the apical view, the central fibrous body 
(junction of the A-V anuli) is displaced above the left 
ventricle. The tricuspid valve opens partly into the left 
ventricle and partly into the right ventricle. Additional 
findings include a diminutive right ventricle, a large 
ventricular septal defect and, on occasion, left ventric- 
ular outflow stenosis. 

In the other group of patients, the tricuspid valve 
anulus is normally positioned but septal malattachment 
of portions of the tricuspid valve to the rim of the ven- 
tricular septal defect is present. A ventricular septal 
defect is present but there is no displacement of the 
central fibrous body. Similarly, mitral valve malat- 
tachment is observed in patients with double outlet 
right ventricle. The mitral valve leaflet apparatus is 
abnormally attached to the crest of the ventricular 
septum as well as to the subpulmonary area. 

Atrial septal defect: Because of the great variability 
in echo dropout of the interatrial septum, in cross-sec- 
tional views it may be virtually impossible to distinguish 
normal subjects from patients with atrial septal defect 
with two dimensional echocardiography. Use of the 
precordial and apical positions may compromise visu- 
alization of the septum because the ultrasonic beam is 
not perpendicular to the posterior portion of the in- 
teratrial septum. Therefore, artifactual dropout of the 
echoes from this portion of the septum may occur.!® 
Similarly, when the parasternal or apical approach is 
used, the proximity of the heart and the small size of the 
cardiac structures make tissue identification difficult 
in infants. 

By employing the subcostal approach, Bierman and 
Williams? were able to evaluate the normal interatrial 
septum as well as describe various abnormalities in 
patients with atrial septal defect. Interposition of the 
liver between the heart and the transducer eliminates 
the problem of near field imaging due to beam conver- 
gence in a sector format. In normal infants with no in- 
teratrial communication, the interatrial septum was 
observed as a straight, linear echo with some central 
thinning at the level of the foramen ovale. With this 
approach secundum atrial defects could be differen- 
tiated from primum defects. A secundum defect visu- 
alized as centrally located, whereas a primum defect is 
visualized in the lower portion of the interatrial septum. 
After balloon atrial septostomy, a secundum type defect 
is created with visualization of flail remnants of the torn 
septum primum. These investigators can reliably pre- 


December 18, 1980 The American Journal of CARDIOLOGY Volume 46 1241 


ECHOCARDIOGRAPHY IN CONGENITAL HEART BISEASE—KOILEH EI AL. 


dict the anatomic defects in the interatrial septum. 
- Utilizing the apical four chambered view, one group of 
investigators!’ was able to differentiate patients with 
atrial septal defect from those with mitral stenosis. In 
patients with atrial septal defect the left atrium was 
normal in size compared with the observed enlarged left 
atrium in patients with mitral stenosis. 

Ventricular septal defect: Visualization of the usual 
isolated ventricular septal defect with M mode echo- 
cardiography is generally unreliable. T'wo dimensional 
echocardiography has been reported!? to be useful in 
visualizing the size and location of an isolated ventric- 
ular septal defect. Ventricular septal defects appeared 
as abrupt dropout of septal echoes with broadening of 
septal edges (“T” artifact) around the defect. The ma- 
jority of isolated anterior ventricular septal defects 
could be visualized in the long axis view or intermediate 
views between the long axis view of the left ventricle and 
the long axis view of the right ventricle. In the apical 
four-chambered view, a posterior ventricular septal 
defect could be best imaged. In parasternal short axis 
views, which include visualization of the pulmonary 
valve and mitral valve simultaneously, the detection of 
a subpulmonary ventricular septal defect could be ac- 
complished. In only 3 of 25 patients was the ventricular 
septal defect not visualized. Generally, when the ven- 
tricular septal defect is less than 5 mm or when the left 
to right shunt is less than 20 percent, visualization is 
unlikely. 

Septal aneurysm is frequently present in patients 
who are undergoing spontaneous closure of a ventricular 
septal defect. Ventricular septal aneurysms have been 
studied with two dimensional echocardiography.!? In 
the long axis and apical views, bulging of the aneurysm 
and recognition of its origin from the membranous in- 





1242 


terventricular septum is possible. At times, a tricuspid 
pouch may have similar two dimensional echocardio- 
graphic features. 

Patent ductus arteriosus: Direct visualization of the 
ductus with cross-sectional imaging has been reported.” 
The distal pulmonary artery and its bifurcation are 
imaged by scanning along the axis of the right ventric- 
ular outflow tract. From the scan plane of the main 
pulmonary artery and its bifurcation, the plane is ro- 
tated slightly superiorly so that the ductus arteriosus 
is directly visualized. This appears to be a promising 
technique and may provide accurate information with 
regard to ductal contour and size. However, before it is 
adopted as a routine procedure, further confirmation 
by other laboratories in the ability to directly visualize 
a ductus is essential. 

Endocardial cushion defect: Complete A- V canal: 
Endocardial cushion defects can best be appreciated by 
utilizing the apical and subcostal four chambered views. 
The presence of a posterior ventricular septal defect 
near the confluence of the A-V valves and the dropout 
of echoes from the atrial septum near the confluence are 
particularly apparent. The parasternal four chambered 
apical view also allows differentiation of divided and 
undivided, attached and free-floating common A-V 
valves.?! A common A-V valve is usually seen as a single 
linear echo that crosses the septum and moves as a 
single valve (undivided) or as two separate valves (di- 
vided) during the cardiac cycle (Fig. 4). In the parast- 
ernal longitudinal axis view, this common A-V valve 
leaflet may be frequently seen crossing the plane of the 
interventricular septum. 

Primum defects of partial endocardial cushion de- 
fect: In the parasternal longitudinal axis view, the ab- 
normal displacement of the mitral valve into the left 


FIGURE 4. Parasternal apical view of a two dimensional echo- 
cardiogram in a patient with a complete endocardial cushion 
defect. A common attached atrioventricular valve that is septally 
attached (A) and appears to be divided during diastole (B) is 
demonstrated. AML = anterior mitral leaflet; ASD 1° = primum 
atrial septal defect; CT = chordal structures; PML = posterior 
mitral leaflet; other abbreviations as before. 
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. ventricular outflow tract can be visualized. This is 


consistent with the so-called gooseneck deformity seen 
on angiography. In the subcostal view, a defect localized 
in the lower portion of the interatrial septum is present. 
Generally, the interventricular septum is intact. In the 
parasternal cross-sectional view, a cleft in the anterior 
mitral leaflet can frequently be demonstrated.?? 
Ebstein's anomaly of the tricuspid valve: Two- 
dimensional echocardiography using the parasternal 
four chambered apical view allows detection of inferior 
tricuspid displacement in relation to mitral valve in- 
sertion?? (Fig. 5). The marked inferior displacement of 
the tricuspid valve with a small right ventricular cavity 
and a huge atrialized right ventricle is characteristic of 
Ebstein's anomaly of the tricuspid valve. In addition, 
associated tricuspid regurgitation and a right to left 
shunt can be detected with the use of contrast echo- 
cardiography. Measurements have been derived to 
calculate the length of the atrialized right ventricle. By 
employing the ratio of the mitral valve to apex and the 
tricuspid valve to apex distances, a value of 1.8 to 3.2 in 
patients with Ebstein's anomaly was encountered 
compared with a mean of 1.029 in normal subjects.?? 


Aortic Stenosis 


Left ventricular outflow obstruction can be caused 
by either valvular, subvalvular or supravalvular aortic 
stenosis. In turn, each of these types can be further 
subdivided according to etiologic, morphologic or clin- 
ical characteristics. The parasternal long axis view of 
the ascending aorta and left ventricular outflow tract 
has provided an accurate means of identifying and lo- 
calizing the level of obstruction. Therefore, differen- 
tiation between subvalvular, valvular or supravalvular 
obstruction is possible. 

Aortic valve stenosis: Congenital aortic stenosis 
may be due to a unicuspid or bicuspid aortic valve. 
When the valve is unicuspid, obstruction may be 
present at an early age and survival to adulthood is 
unusual. Bicuspid aortic valve is the most common 
congenital cardiac anomaly in adults and it can be ac- 
curately identified in 95 percent of patients with two 
dimensional echocardiography compared with ap- 
proximately 75 percent by M mode.”4 With use of the 
short axis view, the exact number of cusps can be seen 
(Fig. 6). In addition, irregularity in folding of cusp 
margins and abnormal location of commissural insertion 
are seen. 

In patients with a bicuspid aortic valve, two dimen- 
sional echocardiography has been helpful in explaining 
the variability of findings of M mode echocardiography. 
In the parasternal longitudinal axis view, the valves 
dome in systole as well as have an unusual appearance 
in diastole.” The normal aortic valve coapts in diastole 
and appears as a thin line parallel to and midway be- 
tween the walls of the aorta. In congenital aortic stenosis 
this parallel line is not seen. A thick line perpendicular 
to and connecting the two walls of the aorta is demon- 
strated in diastole. Although some investigators?» have 
correlated the degree of separation of the tips of the 
leaflet in systole with the aortic gradient, this has not 
been confirmed by other investigators. Concentric hy- 
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FIGURE 5. Two dimensional echocardiogram obtained in the apical 
parasternal four chambered view in a patient with proved Ebstein's 
anomaly of the tricuspid valve. The inferior displacement toward the 
apex of the tricuspid valve in relation to the mitral valve is visualized. 
The right ventricle is reduced in size and a large right atrium (RA) or 
atrialized right ventricle (RV) is also demonstrated. ATL = anterior tri- 
cuspid leaflet; STL — septal tricuspid leaflet; other abbreviations as 
before. (Reprinted from Kotler MN, Mintz GS, Segal BL, Parry WR. 
Clinical uses of two dimensional echocardiography. Am J Cardiol 
1980;45:1061-82.) 


pertrophy may also be visualized with two dimensional 
echocardiography. 

Subvalve aortic stenosis: Discrete subaortic ste- 
nosis: Subaortic stenosis may be due to a discrete 
membrane, fibromuscular ridge or collar, and fibro- 
muscular tunnel. The lesions are all localized to the left 
ventricular outflow tract. Because the transducer is 
frequently parallel to the subaortic membrane it can be 
only rarely visualized with M mode echocardiography. 
With use of two dimensional echocardiography, discrete 
subvalvular membranes or a fibromuscular type of 
subaortic stenosis can be evaluated. The membranous 
type, which is the most common, is recognized as a 
distinct linear echo or mass of echoes within the outflow 
tract. In addition, the membrane may exhibit dynamic 
motion which can readily be appreciated with two di- 
mensional echocardiography. Patients with a fibro- 
muscular lesion demonstrate a diffuse or shelf-like 
narrowing of the outflow tract. Postoperatively, these 
lesions may disappear completely. 
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Idiopathic subaortic stenosis or hypertrophic ob- 
structive cardiomyopathy: The thickened septum as 
well as systolic anterior motion of the mitral valve can 
readily be visualized in patients with idiopathic hy- 
pertrophic subaortic stenosis. This entity will be dis- 
cussed elsewhere in the Symposium. 

Supravalve aortic stenosis: Supravalve aortic ste- 
nosis is an uncommon malformation with heterogenous 
anatomic features and a large incidence of associated 
congenital heart defects. Cross-sectional echocardiog- 
raphy was shown to be useful in visualizing the area of 
obstruction in patients with supravalve aortic ste- 
nosis.2” The echocardiographic localization of site of 
obstruction correlated well with the angiographic 
findings. The hourglass, hypoplastic and membranous 
types can be differentiated with two dimensional 
echocardiography. 

Coarctation of the aorta: With the suprasternal 
approach, visualization of the coarcted segment of the 
aorta was reported in 16 of 18 patients studied with two 
dimensional echocardiography.?? The coarcted segment 
is generally recognized as a localized area of narrowing, 
usually distal to the left subclavian artery (Fig. 7). In 
addition, prominent systolic pulsation and expansion 
of the aortic arch and left subclavian vessel proximal to 
the coarctation are seen. 

Pulmonary stenosis: The pulmonary valve can be 
visualized in the parasternal short axis view. Normally, 
the pulmonary leaflet echoes move rapidly apart during 
systole and, when fully opened, lie parallel and in close 
apposition to the margins of the pulmonary artery. 
Complete recording of the pulmonary valve leaflets may 
not always be possible. In pulmonary valve stenosis, 
doming and restriction of motion are present.?? In ad- 





FIGURE 6. A, parasternal cross-sectional view in a patient 
showing the normal trileaflet aortic valve. B, parasternal 
cross-sectional view in a patient with a bicuspid aortic valve. 
An anterior (A) and posterior (P) leaflet are separated by a 
single commissure. L — left coronary cusp; N — noncoronary 
cusp; R 7 right coronary cusp; other abbreviations as be- 
fore. 


dition, infundibular stenosis of the right ventricular 
outflow tract may be visualized from a subcostal ap- 
proach.?9 

Tricuspid atresia: Tricuspid atresia is suggested in 
the short axis view by recording a single A-V valve. In 
the long axis view, the valve is in fibrous continuity with 
the posterior margin of the great vessel, thus identifying 
it as a mitral valve. Generally, dense echoes are recorded 
in the vicinity of the tricuspid valve but no discrete 
tricuspid valve echo motion may be identifiable.?! In 
patients with tricuspid atresia, the left ventricle is large 
and the right ventricle is diminutive or small and may 
even be absent. A large ventricular septal defect is 
generally present. 

Pulmonary atresia with intact septum: The right 
ventricle may be large and the tricuspfd valve waveform 
is distorted and of low amplitude.?? In the short axis 
view, a pulmonary valve cannot be identified. 

Hypoplastic left heart syndrome: This syndrome 
includes aortic atresia, mitral atresia with or without a 
ventricular septal defect, and aortic stenosis. In the long 
axis view, the aortic root is diminutive or absent, the 
mitral valve echo is distorted or immobile and the pos- 
terior ventricle is small whereas the anterior ventricle 
is large.?? A large tricuspid valve is identified. In vari- 
ations of this syndrome, such as mitral atresia with a 
ventricular septal defect or critical aortic stenosis, 
modification of the two dimensional echocardiographic 
features is present.?? 

Cor triatriatum: The membrane can be demon- 
strated in the parasternal apical view since it lies within 
the left atrium just superior to the mitral valve.?? In 
addition, a supravalve mitral stenosing ring may also 
be detected. 
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FIGURE 7. Suprasternal views of a two dimensional echo- 
cardiogram of the aortic arch in a normal subject (A) and in 
a patient with coarctation (B). In the normal subject (A), the 
aortic (Ao) arch and its branches are visualized. The nar- 
rowed segment in coarctation (Coarct.) of the aorta is clearly 
visualized in B. Innom - right innominate artery; Desc. Ao. 
= descending aorta; LCC = left common carotid artery; LS 
= left subclavian artery; other abbreviations as before. 
(Reprinted from Kotler MN, Mintz GS, Segal BL, Parry WR. 
Clinical uses of two dimensional echocardiography. Am J 
Cardiol 1980;45:1061—82.) 


Localization of the coronary sinus and descend- 
ing aorta in congenital heart disorders: Conditions 
resulting in an increased coronary sinus blood flow will 
produce an enlarged coronary sinus.?? The most com- 
mon congenital anomalies of the coronary sinus include 
a persistent left superior vena cava draining into the 
coronary sinus and total anomalous pulmonary venous 
connection to the coronary sinus. The M mode features 
of an enlarged coronary sinus include a dense echo 
posterior to the mitral valve at the level of the A-V 
junction with a clear space behind this dense echo. 

The two dimensional echocardiographic features of 
an enlarged coronary sinus include a distinct circular 
structure lying posteriorly in the A-V junction, best 
visualized in thê parasternal long axis view.?? In two 
patients with total anomalous pulmonary venous con- 
nection, the confluence of the pulmonary veins and their 
connection to the coronary sinus were imaged in the 
long axis plane. Great care should be undertaken in 
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Suprasternal 


differentiating an enlarged coronary sinus from the 
descending aorta?*9?» and the parasternal short axis 
views may prove helpful in this differentiation. In the 
short axis views, the course of the descending thoracic 
aorta can be followed.?* At the level of the tips of the 
mitral leaflets or of the papillary muscles, the de- 
scending aorta first appears as a posterior circular or 
oval echo-free space. At the level of the mitral leaflets, 
it is located directly behind the left ventricle. At the 
level of the left atrium, it is seen lateral to and behind 
the left atrium, and at the level of the pulmonary arte- 
rial bifurcation, it appears directly posterior to the bi- 
furcation. In normal infants, the descending thoracic 
aorta is not visualized in close proximity to the left atrial 
and left ventricular posterior walls.?? However, in in- 
fants with significant arteriovenous malformations, 
enlargement of the heart and descending aorta occur 
resulting in the left atrial and left ventricular posterior 
walls approximating the descending aorta.*® 
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Cardiac nuclear imaging (radionuclide angiography, electrocardiographic 
gated ventriculography and myocardial scintigraphy) provides structural 
and functional information simultaneously. This method extracts accurate 
quantitation of cardiovascular hemodynamics and unique information 
regarding myocardial perfusion. It is a reliable and relatively simple and 
atraumatic technique because the only discomfort to the patient is a 
simple intravenous injection. These studies are carried out rapidly in out- 
or inpatients. Radionuclide angiography is ideal also to assess the effect 
of exercise, oxygen or drugs on cardiac function. The radiation exposure 
associated with current nuclear imaging is within the range of common 
radiographic procedures and many times lower than that of cardiac 
catheterization. The use of newer radionuclides such as iridium-191m 
with a physical half-life of 4.96 seconds will result in a dramatic decrease 
in the radiation exposure to patients undergoing radionuclide angiography. 
Also, newer and smaller computerized gamma cameras will provide 
studies of improved spatial resolution and accuracy. The future of pediatric 
applications of cardiac nuclear imaging is bright. 


Cardiac nuclear imaging and cross-sectional echocardiography help 
evaluate the structure and function of the cardiovascular system. Their 
combined use permits the cardiologist to acquire information about the 
heart that previously could be obtained only by cardiac catheterization. 
Significant progress in the technology and clinical applications of these 
noninvasive methods is occurring at an impressive rate. Close collabo- 
ration of cardiologists and specialists in nuclear medicine is essential for 
cardiac nuclear imaging to reach its potential. 

Radionuclide angiocardiography and echocardiography can provide 
equivalent or complementary data. Echocardiography can image an 
atrial septal defect whereas radionuclide angiography can measure the 
actual shunt flow. Echocardiography can determine myocardial wall 
thickness whereas thallium-201 scintigraphy defines the distribution 
of myocardial blood flow. 


Cardiac Nuclear Imaging 


Cardiac nuclear imaging is performed with use of radiopharmaceu- 
ticals and computerized gamma cameras. There are three main tech- 
niques of cardiac nuclear imaging: first pass radionuclide angiography, 
electrocardiogram-gated angiography and thallium-201 myocardial 
scintigraphy. 


First Pass Radionuclide Angiography 


A single small bolus dose of a radiopharmaceutical is given intravenously 
in first pass radionuclide angiography. Imaging is carried out at rates 
of 1 to 100 frames/s for 20 to 40 seconds. The series of images depict the 
bolus injection of radioindicator as it circulates within the heart, lungs 
and great vessels.!-!? The study is examined visually for anatomy. A 
numerical analysis of dilution curves can be obtained from almost any 
place in the cardiovascular system (Fig. 1). The radionuclide used most - 
commonly for angiography is technetium-99m (physical half-life, 6 hours; 
photon energy, 140 keV) as sodium pertechnetate. The radiation ab- 
sorbed with this procedure is relatively low!! (Table I). To date there 
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has been no evidence of any early or late effects secon- 
dary to the administration of diagnostic doses of tech- 
netium-99m radiopharmaceuticals in human beings or 
animals. 

Left to right intracardiac shunts: Technetium- 
99m pertechnetate is used in the detection and quan- 
titation of shunts.!?-?? To detect left to right shunts a 
series of images in the anterior or left anterior oblique 
projection is obtained at 2 or 4 frames/s for 25 seconds. 
The patient can be studied supine or upright. A visual 
analysis of the angiogram is carried out to assess the flow 


TABLE | 
Radiopharmaceuticals for Cardiac Imaging 


Administered Dose (mCi) 
Minimal 
Total 
Dose 


Radiopharmaceutical mCi/kg 
Tc-99m sodium pertechnetate 0.200 2.0 
Tc-99m human serum albumin 0.200 2 
Tc-99m red blood cells 0.200 2. 
Tc-99m macroaggregated 0.030 0. 
human serum albumin 

Tc-99m pyrophosphate 0.050 0 
TI-201 thallous chloride 0.300 





FIGURE 1. Normal radionuclide angiogram, anterior view. Series 
of frames reveal radionuclide circulation in the superior vena 
cava, right side of the heart, pulmonary artery, lungs, left side 
of the heart and aorta. Time-activity curves of the superior vena 
cava and the right lung are shown below. 


of the radioindicator through the cardiopulmonary 
system and to define regions of interest for the calcu- 
lation of time-activity curves. These regions are marked 
on the computer display over the superior vena cava and 
each lung. The curve from the region of interest over the 
superior vena cava serves to assess the input bolus 
curve.? The curve should have a single peak that should 
last less than 3 seconds (Fig. 1). A normal radionuclide 
angiogram shows the radioindicatom as it circulates 
within the superior vena cava, right atrium, right ven- 
tricle, pulmonary artery, lungs, left atrium, left ventricle 


Radiation Absorbed Dose (rad)* 


Whole Body Critical Organ 
0.110-0.182 Intestine 1.3-2.8 
0.124-0.210 Blood 0.48-0.70 
0.124-0.210 Blood 0.48-0.70 
0.013-0.030 Lung 0.20-0.40 
0.25-0.36 Kidney 1.1-2.4 


* Absorbed doses given to a 1 year old and an adult patient. Tc-99m = technetium-99m (physical half-life 6 hours; principal gamma ray 140 
keV); TI-201 = thallium-201 (physical half-life 73.3 hours; principal photon energies 60-80, 135 and 168 keV). 
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FIGURE 2. Left to right shunt. Selected 
frames from an anterior radionuclide 
angiogram demonstrate persistent 
activity in the lung fields and poor vi- 
sualization of the left side of the heart 
(4.7 sec). Regions of interest are 
marked over the lung fields (lower left 
panel) and the pulmonary time-activity 
curve reflects early pulmonary recir- 
culation due to the left to right shunt 
(lower right panel). 


and aorta. The normal pulmonary curve has a charac- 
teristic appearance (Fig. 1). In a left to right shunt there 
is an early pulmonary recirculation peak on the curve 
(Fig. 2). In a large shunt there often is reduction of the 
activity in the right side of the heart as the radioindi- 
cator is diluted with unlabeled blood passing through 
the defect. Later frames show persistence of activity 
within the lung fields. There might be poor visualization 
of the left ventricle and the aorta, and the right side of 
the heart is often enlarged. In addition, in left to right 
shunting, the transpulmonary transit time is more rapid 
than normal. 

With careful selection of small regions of interest it 
is possible to determine the level of the shunt. In sit- 
uations in which there are multiple levels of left to right 
shunting, only the most proximal level can be detected 
with this approach.” In surgically produced palliative 
shunts (Potts, Blalock-Taussig, Waterston), the recir- 
culation seen in the lung receiving the shunt is greater 
than that in the other lung.” In patent ductus arterio- 
sus, the left pulmonary curve often reveals greater re- 
circulation than the right. 

Quantitative analysis of the pulmonary curve can 
determine the pulmonary to systemic flow ratio (Qp: 
Qs). One method developed in our laboratory?? uses a 
mathematic model to separate the activity due to the 
first pulmonary transit of the radioindicator from that 
caused by the shunt (Fig. 3). The gamma variate func- 
tion is used to “dissect” the pulmonary curve into two 
components representing single passes of the radioin- 
dicator. A gamma variate fit of the initial segment of a 
pulmonary curve in left to right shunting represents the 
first circulation of the radioindicator through the pul- 
monary vasculature (Qp = pulmonary flow). The area 
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defined by the gamma variate (A) is subtracted from 
the rest of the pulmonary curve and another gamma 
variate is fitted to the initial portion of this new curve, 
defining a second area (Ag). Area A» reflects early re- 
circulating activity in the lungs due to left to right 
shunting of the labeled blood. If area A» is subtracted 
from area Aj, the area that remains is proportional to 
the systemic flow (A; — A» = Qs). A ratio of areas A1/A4 
— A» represents the pulmonary to systemic flow ratio 
(Fig. 3 and 4c). This method was found accurate for the 
calculation of Qp/Qs between 1.2 to 3.0 (r = 0.94).20-22,25 
The reduced accuracy between Qp/Qs of 1.0 and 1.2 may 
reflect the normal chest wall and bronchial arterial 
circulation that are “seen” by the detector. Shunts of 
Qp/Qs greater than 3 are detected but cannot be 
quantified because adequate gamma variate fits to the 
pulmonary curve are not obtained. Crying and Valsalva 


ACTIVITY (arbitrary units ) 





ACTIVITY (arbitrary units ) 





20 


TIME (sec) TIME (sec) 


GAMMA VARIATE FUNCTION 


FIGURE 3. Method for quantitation of left to right shunts. A pulmonary 
curve is analyzed using a gamma variate model. See text. 
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FIGURE 4. Methods for analysis of pulmonary curves in left to right shunting. A, the C2/C method of Folse and Braunwald. ^ A ratio of the amplitudes 
at the peak and at another point at twice the distance between the appearance of the activity in the lungs and the peak is used. B, area ratio x/y 
method of Anderson et al.'? C, the Qp:Qs ratio method of Maltz and Treves.?? 


maneuvers, pulmonary regurgitation and the presence 
of significant bronchial or intercostal collateral vessels 
and right to left shunting may preclude accurate 
quantitation of shunts. 

Another method developed by Anderson et al.!? also 
analyzes the pulmonary curve (Fig. 4B). An area, Y, is 
defined as that resulting from logarithmic extrapolation 
of the initial portion of the downslope to a point at 1 
percent of the peak and a line from the peak to the 
baseline. Another area, X, is defined as the area between 
the actual and the extrapolated curves to a vertical line 
traced at the | percent point. The percent of left to right 
shunting is calculated using a ratio X/Y. Using a qua- 
dratic regression, Anderson et al. found a good corre- 
lation with shunt flow (r = 0.95) measured during car- 
diac catheterization. 

Folse and Braunwald suggested a method for the 
detection of left to right shunts using the pulmonary 
time-activity curve. The peak of the curve is identified 
as C4 (Fig. 4A). To define Co, the time from the initial 
appearance of tracer in the lung to the peak of the ac- 
tivity is measured. This time is doubled and C» is plot- 
ted as the activity appearing at this later time. A high 
ratio, Co/C,, indicates the presence of a left to right 
shunt. Although this is a simple method, identical values 
of C/C, have been found in patients with and without 
left to right shunts.”° 

Right to left shunts: Right to left shunting can be 
detected on first pass radionuclide angiography by the 
premature appearance of the radionuclide in the left 
side of the heart and the aorta. A time-activity curve 
from the left ventricle can be analyzed for quantitation 
of right to left shunting. A first peak of activity due to 
blood shunted from right to left is followed by a secon- 
dary peak due to radioactivity that circulated through 
the lungs. With use of an exponential extrapolation to 
the baseline after the first peak and another after the 
second peak, the pulmonary to systemic flow ratio can 
be estimated as the ratio of the area under the first peak 
to the area under both peaks.!? 

An alternative method for detecting and measuring 
right to left shunting is intravenous technetium- 
macroaggregated albumin. In the normal circulation, 
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more than 95 percent of all particles are trapped in the 
pulmonary capillaries. In right to left shunting (ex- 
tracardiac or intracardiac) a much greater portion of the 
particles will reach the systemic capillary bed. The 
pulmonary to systemic flow ratio is calculated by di- 
viding the pulmonary activity by the activity in the 
whole body, including the lungs. Although published 
data suggest a wide margin of safety with this method, 
concern still exists regarding possible microemboliza- 
tion of systemic end arteries. 

Ventricular ejection fraction: Right and left ven- 
tricular ejection fraction can be measured by first pass 
radionuclide angiography using technetium-99m per- 
technetate.?5-29 When recording at rapid frame rates 
(that is, 20 frames/s) it is possible to define end-systole 
and end-diastole in the angiogram without electrocar- 
diographic gating. The oscillations on the time-activity 
curve from the ventricle are due to changes in intra- 
ventricular volume during the heart cycle. Images for 
end-diastole and end-systole can be obtained by se- 
lecting the appropriate frames. The ejection fraction 
(EF) can be measured by the following formula: 


EDC — ESC 
—————* 
EDC 


where EDC = end-diastolic count and ESC = end-sys- 
tolic count. 

Cardiac output: In another technique of first pass 
radionuclide angiography technetium-99m human 
serum albumin is used to determine cardiac output (Fig. 
5). Cardiac output can be calculated by analysis of a 
time-activity curve obtained from a region of interest 
marked over the heart.?? A semilogarithmic extrapo- 


EF (%) = 


lation of the downslope of the segment of the curve * 
corresponding to the activity in the left heart is used to . 


determine an area (A). To correct for the cardiac blood 
volume viewed by the detector, a count rate is recorded 
at the time of equilibrium (e) of the radioindicator in the 
blood. The total blood volume (TBV) is determined by 
an independent method and the cardiac output (CO) 
is calculated as follows: 


CO = (ml/min) = (TBV X e)/A 
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This technique of nuclear imaging?!-?? requires the 
use of an intravascular indicator, most commonly 
technetium-99m human serum albumin or techne- 
tium-99m red blood cells. The radiophomaceutical is 
given intravenously and recording starts 5 minutes later. 
Each heart cycle is divided into a series of consecutive 
frames by electrocardiographic gating. Several hundred 
(100 to 500) heart cycles are added together on the 
computer's memory, and a series of images representing 
an average heart cycle is recorded. On playback the 
study is reconstructed into a series of images in an av- 
erage heart cycle. 

The series of images is analyzed visually to detect 
abnormalities in cardiac structure and ventricular wall 
motion or to measure chamber size. Time-activity 
curves are calculated from selected regions over the 
ventricles. The changes in the count rate in these curves 
relate to changes in intracardiac volumes. Analysis of 
these tracings permits evaluation of ventricular ejection 
fraction and ejection and filling rates. Ventricular vol- 
ume and cardiac output also can be calculated with this 
method. Because the radiopharmaceutical remains in 
in the blood pool, multiple gated scans are possible over 
a period of hours. Thus, the short-term effect of exercise 
or drugs on cardiovascular function can be evalu- 
ated.?7.38 

Thallium-201 myocardial perfusion scintigraphy: 
Thallium-201 is produced in the cyclotron (half-life, 
73.3 hours; principal photon energies, 60 to 80, 135 and 
168 keV) and is a potassium analog.?9-44 After intrave- 
nous injection, thallium-201 concentrates rapidly in 
many organs including the thyroid, myocardium, liver, 
kidneys and muscle. Imaging is begun almost immedi- 
ately after injection. Images are obtained in multiple 
projections and are analyzed visually using computer 
processing. 

When thallium-201 is injected with the patient at 
rest, about 3 percent of the injected dose is taken up in 
the heart. Its myocardial distribution is proportional 
to the regional coronary blood flow. The right ventricle 
normally is not visualized. During exercise there is re- 
distribution of thallium-201 corresponding to redistri- 
bution of blood flow. If thallium-201 is injected during 
exercise hepatic uptake is reduced, myocardial uptake 
increases and the right ventricle is visualized. Areas of 
myocardial ischemia that might not be detected when 
the patient is examined at rest could become apparent 
during exercise. 


Echocardiography 


M mode and two dimensional echocardiography are 
studies that complement each other and cardiac nuclear 
imaging. Subxiphoid two dimensional echocardiogra- 
phy, a noninvasive technique, provides good anatomic 
resolution down to 1 mm dimensions in infants and 
small children; thus many atrial septal defects*® and 
ventricular septal defects*® are visible with this tech- 
nique. Complex malformations such as transposition 
of the great arteries, total anomalous pulmonary venous 
return, tetralogy of Fallot, tricuspid atresia, hypoplastic 
left heart, idiopathic hypertopic subaortic stenosis and 
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CO IBYxe - 2.3 Liters x 1300 counts -5.5 l/min 


540 counts x minutes 


ACTIVITY (arbitrary units ) 


O TIME ( min) 5 


TBV:TOTAL BLOOD VOLUME DETERMINED INDEPENDENTLY 
e :EQUILIBRIUM COUNTS 


A=AREA UNDER THE FIRST TRANSIT OF THE 
RADIOINDICATOR THROUGH THE HEART 


FIGURE 5. Method for determination of cardiac output. Time versus 
activity curve obtained over the heart as technetium human serum al- 
bumin-99m circulates within the right side (R) and then the left side (L) 
of the heart. Equilibrium (e) in the blood pool is reached a few minutes 
later. The total blood volume (TBV) has been determined by using io- 
dine-125 human serum albumin. 


Ebstein's anomaly also can be detected with this tech- 
nique. Although valve anomalies sometimes are visu- 
alized, quantitation of stenosis and regurgitation is not 
possible. 

Techniques for measuring ejection fraction, cardiac 
output and other indexes of left ventricular function 
are well developed using one dimensional (M mode) 
echocardiography. Echocardiography also can provide 
indirect evidence of intracardiac shunts.^? Contrast 
echocardiography is useful particularly in detection of 
right to left shunts but quantitation of shunt flow is not 
yet possible.*® Patients undergoing echocardiography 
are exposed to ultrasonic radiation. To date harmful 
effects have not been reported in human subjects. 
Echocardiographic studies can be performed serially, 
the equipment is mobile, and most examiners can 
complete a study in about 10 minutes. 


Cardiac Catheterization and Angiography 


All new methods for diagnosis of congenital heart 
disease are compared with cardiac catheterization for 
accuracy and completeness. Anatomic resolution is 
excellent although not infallible. This is the only 
method other than surgery that permits the direct 
measurement of intracardiac oxygen saturation and 
pressures. Good quantitation of left and right ventric- 
ular function is possible. The equipment for cardiac 
catheterization is not mobile, the patients usually are 
hospitalized and the procedure is invasive. Risks include 
damage to blood vessels, thrombosis, hemorrhage, ar- 
rhythmia, infection and fatal cardiac arrest.49 The 
contrast material is injected under high pressure. In 
small infants with severe congestive heart failure the 
volume of contrast material required could result in 
fluid overload. The osmolality of the contrast material: 
can produce transient physiologic alterations or ar- 
rhythmias, or both. The procedure takes 1 to 2 hours 
and radiation exposure can be considerable. 
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"Cardiac Nuclear Imaging in the Evaluation of Patients in the Postoperative Period 


. Determination of the patency of vascular grafts (Fontan) 


-loOo0mRONA 


. Detection of myocardial ischemia and infarction 


. Detection and quantitation of residual shunts (ASD, VSD, PDA, Mustard, Senning, etc.) 
. Determination of the patency of palliative shunts (Waterston, Potts, Glenn, Blalock) 


Assessment of patency of the superior or inferior vena cava (Mustard, precatheterization) 
. Measurement of cardiac function (ejection fraction, end-diastolic volume, cardiac output) 
. Evaluation of intracardiac blood mixing after balloon atrial septostomy in TGA 


Es. aede: — cid A) s pel c ctl ai e Lao Loi C LU LN COR MH em p ————————— 
ASD = atrial septal defect; PDA = patent ductus arteriosus; TGA = transposition of the great arteries; VSD = ventricular septal defect. 


Clinical Applications 


The Premature and Newborn Infant 


Patent ductus arteriosus: At least 15 percent of all 
premature infants with a birth weight less than 1,800 
g have a hemodynamically significant patent ductus 
arteriosus.°° The diagnosis of patent ductus arteriosus 
is made by clinical examination (systolic or continuous 
murmur, wide pulse pressure, tachycardia and often 
congestive heart failure). It is believed that the left to 
right shunt through a patent ductus arteriosus even 
without clinically evident congestive heart failure may 
prolong and complicate the course of respiratory dis- 
tress syndrome. Some infants with a patent ductus ar- 
teriosus and congestive heart failure can require pro- 
longed artificial ventilation. 

It is difficult to identify those patients with the res- 
piratory distress syndrome and a patent ductus arteri- 
osus who will benefit from reduction of flow across the 
ductus. The intensity of the murmur is an unreliable 
indicator of the magnitude of left to right shunting. An 
indirect measurement of shunt flow is the ratio of the 
left atrial to the aortic root dimensions as determined 
with M mode echocardiography.?! Radionuclide angi- 
ography is used to measure the left to right shunt di- 
rectly. This information often aids in determining 
therapy. 

Pulmonary versus cardiac disease: In the newborn, 
the use of radionuclide angiography need not be limited 
to quantifying known shunts; the technique may also 
assist in distinguishing pulmonary from cardiac disease. 
After ligation of a patent ductus arteriosus the condition 
of some infants with respiratory distress syndrome 
continues to deteriorate. This deterioration can be the 
result of persistent severe lung disease or a complication 
of the surgical technique. Radionuclide angiography can 
be invaluable in determining the diagnosis. A normal 
study with no residual left to right shunt would strongly 
suggest a pulmonary cause for the persistent problems. 
The persistence of a left to right shunt with equal per- 
fusion in the left and right lungs would suggest either 
incomplete ligation of the patent ductus arteriosus or 
the presence of additional, previously unsuspected 
cardiac defects (for example, aortic pulmonary window 
or ventricular septal defect). The persistence of a large 
left to right shunt without visualization of the left lung 
suggests inadvertent ligation of the left pulmonary ar- 
tery at the time of the attempted ductal ligation. (‘Table 
II). 


Ventricular septal defect: In newborns with ven- 
tricular septal defect alone, a radionuclide angiogram 
may appear normal because of a relatively high pul- 
monary vascular resistance and the resultant small left 
to right shunt. As the pulmonary vascular resistance 
decreases, left to right shunting increases and the ra- 
dionuclide angiogram reveals the shunt.? 

Right ventricular hypertrophy: In the newborn, 
relative right ventricular hypertrophy secondary to the 
high pulmonary vascular resistance usually will permit 
thallium-201 visualization of the right ventricle im- 
mediately after birth. In normal older children, the right 
ventricular uptake of thallium-201 is almost imper- 
ceptible in studies performed at rest. It is possible with 
thallium-201 to quantitate right ventricular hypertro- 
phy in patients with pulmonary stenosis, left to right 
shunts with secondary pulmonary hypertension and 
chronic lung disease. In exercise studies, the right ven- 
tricle is seen and this should not be considered ab- 
normal. 

Myocardial ischemia and infarction: Thallium- 
201 scintigraphy has been used to evaluate regional 
myocardial perfusion in newborn infants suspected of 
having an anomalous origin of the left coronary artery 
from the pulmonary artery.9?? In these instances, the 
radioactive thallium will have little or no concentration 
in the area of affected myocardium. Thallium-201 is 
useful in the noninvasive differentiation of anomalous 
left coronary arterial from congestive cardiomyopathy. 
In mucocutaneous lymph node syndrome there can be 
decreased thallium-201 uptake secongary to ischemia 
or myocardial infarction. Emission computed tomog- 
raphy using thallium-201 appears to increase the sen- 
sitivity of this method of myocardial imaging in small 
children.5?? 

The evaluation of right and left ventricular function 
using first pass radionuclide angiography?? and equi- 
librium gated studies is possible in infants but it has not 
been used extensively. 


Older Infants and Children 


Atrial septal defects: Patients with a secundum 
atrial septal defect have characteristic findings on 
physical examination, chest X-ray film and electro- 
cardiography. In our institution surgical closure of these 
defects is undertaken in most cases without cardiac 
catheterization. If confirmation of the diagnosis be- 
comes necessary, the combined use of subxiphoid two 
dimensional echocardiography and radionuclide angi- 
ography can localize the defect and quantitate the shunt 
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flow. These two methods may also be helpful in those 
cases in which it is difficult to differentiate between a 
small atrial septal defect and mild pulmonary stenosis. 
One limitation of radionuclide angiography is that it 
often cannot differentiate between atrial septal defect 
and partial anomalous pulmonary venous return. 

Ventricular septal defect: Most patients with the 
clinical diagnosis of a small ventricular septal defect 
need not undergo diagnostic imaging. However, if con- 
firmation is desired, subxiphoid two dimensional 
echocardiography might visualize the defect in infants 
and small children and radionuclide angiography can 
quantify a shunt reliably if Qp/Qs is more than 1.2. Se- 
rial quantitation of left to right shunt flow in patients 
with a small ventricular septal defect can show changes 
in the Qp/Qs and document spontaneous closure. 

When diagnosis of a large ventricular septal defect 
is suspected cardiac catheterization is necessary to 
obtain precise anatomic definition and to measure 
pulmonary arterial pressure and pulmonary vascular 
resistance. Therefore, radionuclide angiography is un- 
necessary. 

A decrease in shunt flow in patients with a large 
ventricular septal defect could be secondary to spon- 
taneous closure of such a defect, the development of 
pulmonary stenosis or to increased pulmonary vascular 
resistance. If the latter is considered a possibility, car- 
diac catheterization is needed. In this situation a thal- 
lium-201 scintigram at rest will show increased uptake 
of this radionuclide in the right ventricular myocardium 
due to right ventricular hypertrophy.5456 The degree 
of right ventricular uptake of thallium-201 relates to the 
degree of right ventricular hypertension. 

In both immediate and long-term postoperative 
periods, radionuclide angiography can be used to 
evaluate residual shunts or palliative shunts (Table II). 
Mobile equipment permits radionuclide angiography 
to be performed in intensive care units. 


FIGURE 6. Ventricular function in impaired right ventricular 
function in cystic fibrosis. End-diastolic (ED) and end-systolic 
(ES) frames in the left anterior oblique projection from a gated 
blood pool scan obtained in a 27 year old man with advanced 
cystic fibrosis. The left ventricle contracts well (ejection 
fraction 0.67) whereas there is definite right ventricular 
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Evaluation of ventricular function and therapy: 
The gated blood pool scan is useful in evaluation of 
ventricular function and the effect of therapy. The 
echocardiogram is difficult to interpret in patients with 
cystic fibrosis because of their increased lung volume. 
When they have clinical evidence of right heart failure, 
gated blood pool scans allow quantitation of right heart 
function (Fig. 6). Left and right ventricular function can 
also be evaluated with gated blood pool scans in patients 
with primary or secondary cardiomyopathy, such as that 
due to thalassemia and adriamycin toxicity. 

Measurement of regurgitant index: Gated blood 
pool studies can be used to measure regurgitant index 
by dividing the left by the right ventricular stroke vol- 
ume.°’ The determination of regurgitant index can help 
localize an intracardiac shunt. For example, in atrial 
septal defect, only the right ventricle exhibits volume 
overload, whereas both ventricles exhibit volume 
overload in ventricular septal defects. 

Thallium-201 can assist in the definition of the nature 
of cardiac tumors, but these are best detected with ra- 
diography and echocardiography. 

Myocardial infarct imaging: Infarct imaging is 
used frequently in adult patients.58 In children, infarct 
imaging is useful after cardiovascular surgery when the 
risk for myocardial infarction is great and the diagnostic 
reliability of electrocardiographic and serum enzyme 
changes may be low (Table II). The radiopharmaceu- 
tical used most commonly for imaging of acute myo- 
cardial infarction is technetium-99m pyrophosphate, 
a bone seeker that has been found to concentrate in 
infarcts of the brain, heart, spleen and intestine. 


Comment 


Radionuclide angiography versus echocardiog- 
raphy: During the evaluation of patients with congen- 
ital heart disease the pediatric cardiologist may consider 
the use of radionuclide angiography or echocardiogra- 
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phy. The question may arise: Which study should be 
. performed? Trying to answer this question in one or two 
sentences would result in a gross oversimplification of 
the problems that are presented in practice. Improve- 
ments in technology continuously expand and refine 
both methods. It is important for pediatric cardiologists 
to learn about the advantages and limitations of both 
techniques. Both are visual, easy to perform and 
quantitative. Echocardiography provides more excellent 
anatomic definition whereas radionuclide angiography 
provides more excellent physiologic information. The 
use of echocardiography by pediatric cardiologists has 
increased extensively in the past few years; at present 
not enough pediatric hospitals have adequate equip- 
ment to perform radionuclide angiography. The selec- 
tion of one or both of these tests should be made on the 
basis of which information is most desired. Echocardi- 
ography and radionuclide angiography should be re- 
garded as complementary noninvasive modalities. 
Radiation exposure with radionuclide angiog- 
raphy: Many pediatric cardiologists are concerned re- 
garding the radiation exposure to the patient from ra- 
dionuclide angiography. Radionuclide studies of the 
circulation result in low radiation exposure that is well 


within the range of common radiodiagnostic procedures: 
It is far less than radiation exposure that occurs with 
catheterization and angiography. If the diagnostic 
question could be solved by using a combination of 
echocardiography and radionuclide imaging the ra- 
diation exposure to patients would be significantly re- 
duced. This becomes even more important for children 
and other patients who need serial follow-up studies. 

Newer radiopharmaceuticals for angiography with 
a very short physical half-life such as iridium-191m 
(physical half life = 5 seconds) result in a further re- 
duction in radiation dose to the patient. For example, 
the intravenous injection of 25 millicuries of iridium- 
191m in a 1 year old results in a radiation exposure of 
3 mrad. This is even less than that for a single chest 
X-ray film. Iridium-191m is being used experimentally 
in our laboratory and it is hoped that in the next few 
years there will be more widespread use of this radio- 
nuclide for angiography. 
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On the basis of principles that are similar to (but differ slightly from) those 
that underlie M mode and two dimensional techniques, pulsed Doppler 
echocardiography permits evaluation of intracardiac blood flow nonin- 
vasively. This technique is helpful in the diagnosis and management of 
patients with valvular and congenital heart disease, and in some cir- 
cumstances provides information not available from M mode or two di- 
mensional imaging. Despite several notable limitations, pulsed Doppler 
echocardiography is a useful diagnostic technique whose clinical appli- 
cation is likely to increase as future technologic improvements occur. 


Cardiac catheterization and contrast angiography permit demonstration 
of patterns of blood flow within the heart and quantitation of both for- 
ward and regurgitant flow. Although these invasive techniques provide 
the standard method for studying disturbances of intracardiac blood 
flow in the clinical setting, they generally require hospitalization and 
are relatively expensive, associated with known complications and not 
well suited for repeated studies. The noninvasive technique of pulsed 
Doppler echocardiography offers an alternate method for investigating 
intracardiac blood flow.!-? 


Principles 


The Doppler principle states that the frequency of transmitted sound 
is altered (or “shifted”) when the sound source is moving. This principle 
can be used to detect intracardiac blood flow, because blood contains 
particles (predominantly red cells) that reflect or scatter ultrasound and 
thus can be considered as a sound “source.” As the red cells flow through 
the heart and great vessels, they alter the frequency of sound backscat- 
tered from their surfaces; these frequency shifts can be used to define 
the direction and nature of blood flow.? For example, consider a beam 
of ultrasound directed down the ascending aorta from a transducer 
placed in the suprasternal notch (Fig. 1). During systole, red cells are 
ejected toward the transducer into the aortic root (panel A). According 
to the Doppler principle, the frequency of the backscattered sound will 
be increased (compared with the original emitted frequency). If aortic 
insufficiency were present, blood would flow from the aortic root into 
the left ventricle during diastole; signals backscattered from red cells 
flowing away from the transducer would have a lower frequency than 
that of the incident beam. Because only the component of velocity that 
acts along the axis of the beam is detected, red cells moving at right an- 
gles to the axis of the ultrasonic beam would cause no Doppler shift. 

When blood flow through a cardiac chamber, valve orifice or great 
vessel is laminar, red cells move in a generally parallel fashion (Fig. 1A). 
Although flow velocity may be somewhat lower near the walls of the 
structure than near the center line of flow, adjacent red cells will have 
similar velocities, and the Doppler frequency shifts induced by these 
moving red cells will have a fairly uniform character. In contrast, red cells 
do not move in a generally parallel fashion when intracardiac blood flow 
is disturbed, as occurs in the presence of a stenotic valve (Fig. 1B). Within 
the “jet” or region of disturbed flow, red cells will move in varying di- 
rections and with varying velocities, and the corresponding Doppler 
shifts will be composed of multiple, widely fluctuating frequencies. 
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. *To specify the intracardiac location from which 

Doppler shifts are recorded, the pulsed Doppler in- 
strument utilizes a “range-gate,” a brief “window” 
during which flow signals are evaluated. The time delay 


* between emission of an ultrasonic burst and the be- 


ginning of the “window” is adjustable, and determines 
the depth (in relation to the transducer) at which flow 
" is studied. Flow signals are thus recorded from a region 
known as the “sample volume" that has a teardrop 
shape and measures approximately 3 to 4 mm in length 
by 2to 5 mm in width, depending on the position of the 
sample volume along the axis of the ultrasonic beam. 
The location of the sample volume is adjusted in rela- 
tion to accompanying echo signals reflected from the 
acoustic interfaces traversed by the ultrasonic beam. 

Flow signals are processed to provide both audio and 
graphic outputs.* Audio signals correspond to the 
spectrum of Doppler shifts produced by moving red 
cells; laminar flow induces uniform frequency shifts and 
thus sounds tonal and “smooth,” whereas disturbed flow 
causes a broad spectrum of frequency shifts and thus 
sounds noisy and “rough.” Characteristic sounds gen- 
erated by flowing blood or by motion of valve leaflets 
and cardiac walls into the region of the sample volume 
help the experienced examiner to position the sample 
volume for recording. 

The graphic output generates a time interval his- 
togram, a pattern of dots printed on strip chart paper 
that denotes the direction (toward or away from the 
transducer) and nature (laminar or disturbed) of blood 
flow. A detailed description of the graphic display sys- 
tem can be found in an earlier work from our labora- 
tory.4 


Findings 


Pulsed Doppler echocardiography has a variety of 
clinical applications, including detection of valve ste- 
nosis and insufficiency, identification of subvalve or 
supravalve stenoses, detection of shunt lesions (in- 
cluding atrial and ventricular septal defect as well as 
patent ductus arteriosus) and identification of the origin 
of clinically detected murmurs.?5-15 Although it is not 
practical to illustrate the findings in all of these ab- 
normalities, severfl representative examples follow. 


Valve Stenosis and Regurgitation 


Aortic valve disease: With the transducer held at 
a high parasternal position, left ventricular outflow in 
a normal person is recorded as a narrow band pattern 
of dots that indicates flow toward the transducer (Fig. 
2A). No evidence for diastolic regurgitant flow is re- 
corded. In a patient with thickened aortic leaflets and 
some associated disturbance of left ventricular outflow 
* (Fig. 2B), the graphic display shows systolic dot scatter, 
- indicating spectral broadening. Diastolic flow is not 
recorded. In the presence of aortic regurgitation (Fig. 
2C), diastolic flow from the aortic root into the left 
ventricular outflow tract, directed away from the 
transducer, is detected. Note that valve regurgitation 
can be defined by recording retrograde flow through a 
cardiac valve at a time in the cardiac cycle when such 
flow should not occur (in this example, detection of di- 
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FIGURE 1. Diagrammatic representation of the heart in frontal view. 
The ultrasonic transducer (TR) is located in the suprasternal notch, and 
the ultrasonic beam directed inferiorly. The Doppler sample volume 
(DSV) is positioned in the ascending aorta. A, normal (laminar) left 
ventricular (LV) outflow. B, aortic stenosis with disturbed left ventricular 
outflow. LA = left atrium. 


astolic flow from the aortic root into the left ventricular 
outflow tract). Although absolute flow velocities in the 
setting of valve regurgitation are generally not as high 
as those that accompany valve stenosis with “jet” flow, 
audible and graphic evidence of spectral broadening 
often accompanies regurgitant flow, indicating that the 
nature (as well as the direction and timing) of regur- 
gitant flow is abnormal. 

Mitral valve disease: With use of the precordial 
approach, flow patterns can also be recorded from the 
left atrial outflow tract, just proximal to the mitral or- 
ifice. In a normal subject (Fig. 3A), diastolic flow from 
the left atrium into the left ventricle is directed toward 
the transducer, and causes an upward deflection of the 
dot pattern in the time interval histogram. An early 
diastolic flow peak is followed by a period of diastasis, 
which mirrors the anterior mitral leaflet echogram; 
atrial contraction causes a small increment in atrial 
outflow. During systole, no flow signals from the left 
ventricle into the left atrium are recorded. Although 
systolic pulmonary venous inflow into the left atrium 
is occasionally detected using the audio output, this is 
extremely difficult to record graphically (perhaps be- 
cause this flow is of relatively low velocity and is sam- 
pled at great depth). In a patient with mitral stenosis 
(Fig. 3B), diastolic left ventricular inflow is prolonged 
(signals continue through diastole), and the wide band 
pattern of dots indicates that flow through the stenotic 
mitral orifice is disturbed. In the presence of mitral 
regurgitation (Fig. 3C), disturbed systolic flow from the 
left ventricle into the left atrium (away from the 
transducer) is recorded. 

Accuracy of method: In our experience, pulsed 
Doppler echocardiography can detect the presence of 
aortic insufficiency with 86 percent sensitivity and 93 
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FIGURE 2. Strip chart Doppler flow records obtained using the precordial approach. At the top of each panel, a condensed M mode tracing is displayed. 
A horizontal straight line, recorded with this tracing, indicates the position of the Doppler sample volume (dsv). The time interval histogram (TIH) 
reflects the Doppler shifts and indicates flow. By convention, deflection of dots above the baseline indicates an increase in flow velocity and denotes 
blood flow toward the Doppler transducer; flow away from the transducer is indicated by deflection of the dots below the baseline. Laminar flow 
is denoted by a narrow band of dots and disturbed flow by a broad band of dots. At the bottom of each panel, spikes whose amplitude (AMP) denotes 
the intensity of the Doppler signals are recorded; these help in setting instrument gain and threshold. A, normal left ventricular outflow; the sample 
volume is positioned in the aorta just above the valve leaflets. B, disturbed left ventricular outflow; the sample volume lies in the aorta (Ao) in the 
region of the thickened valve leaflets (short arrows). The curved arrow indicates systolic (SYST) dot scatter in the time interval histogram, denoting 
spectral broadening in the Doppler shift signals. C, aortic regurgitation; the sample volume lies just proximal to the aortic leaflets in the left ventricular 
outflow tract (LVOT). The curved arrow indicates diastolic (DIAST) dot scatter below the baseline, denoting disturbed diastolic regurgitant flow. 
AAW = anterior aortic wall; LAOT = left atrial outflow tract; PAW = posterior aortic wall; RV = right ventricle; RVOT = right ventricular outflow 
tract; other abbreviations as in Figure 1. 


percent specificity9; for mitral insufficiency, sensitivity often demonstrate anatomic abnormalities detectable 
is 95 percent and specificity 90 percent." Although these with conventional echocardiography, but these findings 
earlier studies included only 157 patients, our con- are nonspecific. However, the presence and level of left 
tinuing clinical experience supports the position that to right intracardiac shunting can e defined by re- 
the pulsed Doppler technique is quite accurate in de- cording turbulence distal to the lesion in question (that 
tecting the presence of valve insufficiency; two more is, on the right heart side of the defect), and by then 
recent studies of patients with suspected mitral regur- "threading" the defect with the sample volume to 
gitation have reported results nearly identical to our demonstrate the presence of flow within the defect it- 
own.1617 Moreover, preliminary studies suggest that the self. Thus, in a patient with a ventricular septal defect 
severity of valve insufficiency can also be estimated by (Fig. 4, top), disturbed flow can be recorded with the 
pulsed Doppler echocardiography; when widespread sample volume in the right ventricular outflow tract. 
Doppler evidence for abnormal flow is present, Because similarly disturbed right ventricular outflow 
cineangiographic valve regurgitation is generally severe, could be caused by subpulmonary stenosis, this finding 
whereas milder grades of regurgitation are accompanied would not be diagnostic of ventricular septal defect. 
by only localized Doppler evidence of disturbed However, transducer angulation can be adjusted so as 
flow.14.16 to scan the sample volume along the right septal surface, 


thereby defining the level at which abnormal flow sig- 


Intracardiac Shunts nals are most easily recorded. At that point, the sample 


Ventricular septal defect: The diagnosis of intra- volume is advanced away from the transducer and 
cardiac shunting is greatly facilitated by pulsed Doppler "threaded" through the defect. Recording of abnormal 
echocardiography. Patients with an atrial or ventricular systolic flow signals with the sample volume positioned 
septal defect and those with patent ductus arteriosus in the ventricular septum confirms the diagnosis of 
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FIGURE 3. Flow records (precordial approach) obtained with the sample volume in the left atrial outflow tract; same format as in Figure 2. A, normal 
subject; the asterisks indicate left ventricular inflow during early and late diastole. B, mitral stenosis. C, mitral regurgitation. aml = anterior mitral 
leaflet; pmi = posterior mitral leaflet; others as in Figures 1 and 2. 


FIGURE 4. Intracardiac shunts. Top, ventricular 
septal defect. On the left of the panel, the sample 
volume is in the right ventricular (RV) outflow tract. 
The time interval histogram (TIH) shows systolic 
dot scatter (thin arrows). As the sample volume 
is advanced into the ventricular septum, disturbed 
systolic flow signals persist (asterisks). On the 
right side of the panel, systolic flow towards the 
transducer is recorded in the left ventricle (LV). 
Bottom, patent ductus arteriosus. On the left side 
of the panel, the sample volume (SV) is proximal 
to the pulmonary valve (PV). Systolic flow signals 
are normal, while no diastolic signals are re- 
corded. As the sample volume is advanced beyond 
the pulmonary valve, disturbed diastolic flow 
towards the transducer is recorded (asterisks), 
indicating flow from the aorta into the pulmonary 
Artery. Abbreviations as in Figures 1 and 2. 
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ventricular septal defect. In our experience, this defect 
can be detected by conventional pulsed Doppler tech- 
` nique with a sensitivity of approximately 90 percent and 
a specificity of approximately 98 percent.!? Low mus- 
cular septal defects can be detected, but their location 
and orientation often make them difficult to 
"thread." 

Patent ductus arteriosus: This shunt can be de- 
tected quite easily from the parasternal examining 
window (Fig. 4, bottom). Systolic right ventricular 
outflow is recorded as a narrow band dot pattern below 
the baseline (indicating flow away from the transducer). 
However, when the sample volume is advanced beyond 
the valve into the pulmonary artery, abnormal diastolic 
flow into the main pulmonary artery (from the aorta 
through the ductus) is recorded, indicating left to right 
shunting at this level. In our experience, patent ductus 
arteriosus accompanied by left to right flow can be de- 
tected with over 90 percent sensitivity and nearly 100 
percent specificity.!° Moreover, the presence or absence 
of associated pulmonary hypertension can be deduced 
from the duration of abnormal flow during diastole.!? 


Limitations 


Time interval histogram: A number of limitations 
in conventional pulsed Doppler instrumentation should 
be noted. The time interval histogram imposes several 
major limitations. This display plots the inverse of the 
intervals between successive zero crossings in the 
Doppler shift signal against time. However, because the 
Doppler signal is not a perfect sine wave, its frequency 
content cannot be reflected accurately by the zero 
crossing detector. Moreover, the time interval histogram 
is gain- and threshold-dependent, and its output is thus 
difficult to calibrate. The relatively low signal-noise 
ratio of the detected Doppler signal creates additional 
problems; when high gain and low threshold settings are 
necessitated by the presence of weak Doppler signals, 
electronic *noise" inherent in the instrument itself may 
cause the graphic display to print a wide-band dot 
pattern, even in the presence of normal intracardiac 
blood flow. Such apparent spectral broadening might 
mistakenly be interpreted as indicative of disturbed 
blood flow. 

Audio output versus graphic output: Character- 
istics of the audio signal are less influenced by gain and 
threshold settings, and we have found diagnostically 
useful information in the audio output even when the 
time interval histogram is technically inadequate. For 
these reasons, the audio output often must supplant the 
graphic output as the primary diagnostic modality, 
particularly in adult patients. Although this method has 
provided information about valve lesions and intra- 
cardiac shunts often not available with other noninva- 
sive techniques, analysis of the Doppler audio output 
is undeniably subjective, nonquantitative and difficult 
to demonstrate. It is noteworthy that use of the steth- 
oscope to auscult the heart is also subjective, non- 
quantitative and difficult to demonstrate, but none- 
theless remains a useful diagnostic technique. 

Rate of sampling: pulse repetition frequency: 
Sampling theory dictates that one must sample a mul- 


Y 


tifrequency signal at no less than twice the highest fre. 
quency present in order to characterize accurately all 
of the frequency components of the spectrum. The rate 
of sampling in the Doppler instrument, the rate at which 
bursts of ultrasound are emitted by the transducer, is 
called the “pulse repetition frequency." The pulse 
repetition frequency is inversely related to the distance 
between the transducer and the intracardiac position 
of the sample volume’; the farther the sample volume 
from the transducer, the lower the pulse repetition 
frequency. Thus, high frequency components of flow 
velocity (often present in the setting of valve stenosis 
and ventricular septal defect) may be difficult to detect, 
particularly when high velocity flow is oriented parallel 
to the axis of the ultrasonic beam and occurs at an in- 
tracardiac location distant from the transducer. When 
Doppler shift frequencies exceed half the pulse repeti- 
tion frequency, “foldover” of the dot pattern toward the 
baseline occurs in the time interval histogram output. 
This is referred to as “aliasing,” and might potentially 
be confused with the pattern of dot scatter (true spectral 
broadening) seen in disturbed flow. 

Precordial versus cardiac apical approach: 
Pulsed Doppler studies are generally performed using 
the left precordial approach in order that the motion 
pattern of accompanying echoes can be recognized and 
used to position the sample volume. However, trans- 
mission of ultrasound from the precordium is poor in 
certain patients, making an adequate Doppler exami- 
nation impossible. Moreover, because the axis of blood 
flow into and out of the left ventricle is oriented at 
nearly 90? to the incident ultrasonic beam directed from 
the precordium, Doppler shift signals may be difficult 
to record even if flow velocities are substantial. Both of 
these limitations could be overcome by placing the 
transducer at the cardiac apex. However, M mode 
echoes recorded from the apical window are difficult to 
identify, so that positioning of the sample volume would 
need to be based on directional flow characteristics and 
audio output evidence of valve opening and closing 
sounds. 

Single range gate and single sample volume: 
Current Doppler systems use only a single range gate 
and thus allow examination of bloodeflow at only one 
intracardiac location at a time. If disturbed flow is di- 
rected unusually, it may be “missed” by the sample 
volume; for example, eccentric **jets" of mitral regurg- 
itation located just behind the posterior aortic wall have 
occasionally gone undetected by sampling in the mitral 
orifice or left atrial cavity.’ Moreover, the availability 
of a single sample volume limits “mapping” of the 
spatial distribution of disturbed intracardiac flow (in 
order to evaluate the severity of the flow disturbance). 
This technique is based on the assumption that the 
geometry of disturbed flow is consistent from beat to 
beat. Unfortunately, arrhythmias and alterations in 
loading conditions probably do affect the spatial dis- 
tribution of flow disturbances and invalidate the fore- 
going assumption. 

Quantitation of flow velocity and volume flow: 
Because of many of the preceding limitations, current 
pulsed Doppler techniques do not allow quantitation* 
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of actual flow velocity or volume flow. The audio and 
graphic outputs can only be calibrated to measure that 
component of flow velocity directed along the sound 
beam axis. Calculation of actual volume flow would 
require measurement of the average velocity of blood 
flow as well as the cross-sectional orifice through which 
flow occurs. Two dimensional echocardiography could 
define the cross-sectional flow “orifice” of a cardiac 
chamber, valve or vessel. However, measurement of 
average flow velocity would require knowledge of the 
angle between the ultrasonic beam and the axis of blood 
flow, as well as the profile of Doppler shifts across the 
flow orifice. Neither of these latter variables is directly 
available using current Doppler instrumentation. 


Anticipated Improvements 


Computer techniques: The need for an objective, 
sensitive method for Doppler signal analysis has been 
emphasized. Several groups have applied computer 
techniques for spectral analysis of Doppler signals,!8.1? 
and this approach appears to offer improvement over 
the time interval histogram method. Unfortunately, 
standard computer techniques are somewhat cumber- 
some and expensive, and probably are not practical for 
general clinical application. The use of new digital 
technology for true frequency analysis of Doppler shift 
signals is being investigated, and appears promising. 

Combined Doppler/two dimensional echo sys- 
tems: Pulsed Doppler and two dimensional echocardi- 
ography have been combined in several prototype and 
commercial devices and used to investigate peripheral 
vascular, pediatric and adult cardiac disease. Most of 
these devices utilize a mechanical sector scanner; be- 
cause motion of the piezoelectric crystals would induce 
artifactual Doppler shifts, these instruments do not 
allow simultaneous recording of Doppler signals and real 
time images. However, the combination of pulsed 
Doppler with two dimensional echocardiography does 
permit examination of cardiovascular structures from 
multiple echo windows, positioning and orientation of 
the sample volume in relation to spatially recognizable 
structures, and more favorable alignment of the ultra- 
sonic beam with the axis of blood flow. This technique 
holds promise for increasing the number of patients in 
whom Doppler studies can be performed. Moreover, 
preliminary work suggests that combined Doppler/two 
dimensional echo systems may be used to detect the 
presence and study the spatial distribution of disturbed 
flow in patients with valve insufficiency29?! and septal 
defects. 

Cardiac tracking device: Two other useful modi- 
fications have been reported recently.!? A sample vol- 
ume whose size can be varied along the sound axis per- 
mits examination of average Doppler shifts across the 
entire diameter of a cardiac structure (for example, the 
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aortic root or mitral orifice). A cardiac tracking device 
has been developed to permit the sample volume to 
follow the motion of a cardiac structure; this has been 
helpful in deriving an index of flow velocity through 
stenotic mitral valves. Similar approaches should help 
make Doppler techniques more quantitative, and thus 
more useful for assessing the severity of various flow 
disturbances. 

Multigate Doppler technique to examine flow 
signals at multiple locations: While the preceding 
modifications increase the level of sophistication of 
Doppler signal acquisition and analysis, they are all 
limited to investigating flow in the region of a single 
sample volume. A prototype multigate, digital Doppler 
instrument, constructed recently in our laboratory, 
permits simultaneous examination of flow signals at 
multiple locations.?? Currently, this system utilizes a 
single crystal transducer; echo and Doppler shift signals 
are detected coherently and processed simultaneously 
at up to 128 sites. A time-motion tracing can be recorded 
by sweeping the echo and Doppler signals across an 
oscilloscopic screen; anatomic features are depicted in 
grey scale, while flow features are superimposed and 
displayed in color. The multigated Doppler technique 
thus provides a recording that is relatively easy to un- 
derstand, and translates flow abnormalities into an 
anatomic form of display. Our initial experience indi- 
cates the utility of this technique in detecting a variety 
of valve lesions and intracardiac shunts??23. further 
studies will be needed to define the degree to which this 
technique may supplant conventional Doppler methods. 
Finally, it should be noted that a multigated processor 
for coherent echo/Doppler detection could be applied 
to real time imaging in order to provide two dimensional 
images of flow through the beating heart. 


Current Indications 


Pulsed Doppler echocardiographic studies should be 
considered when the integrity of cardiac valve function 
or the possibility of an intracardiac or extracardiac 
shunt requires evaluation. In these instances, diagnostic 
information not available from clinical or other nonin- 
vasive tests may be obtained. Likewise, the origin of 
clinically apparent murmurs may be detected. In pa- 
tients with valve stenosis, pulsed Doppler findings 
complement the anatomic findings, but are probably of 
secondary importance. The use of the Doppler tech- 
nique for this application and for determining ventric- 
ular stroke volume is likely to increase in the future as 
more quantitative methods are developed. 
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A prototype synchronous volumetric computed tomographic X-ray scanner 
was used to demonstrate, in individual experiments, the possibility of 
estimating percent coronary arterial stenosis, regional myocardial blood 
supply and regional myocardial wall dynamics. Scans were obtained 
during angiography in intact anesthetized dogs or in an isolated meta- 
bolically supported working left ventricular preparation. Percent arterial 
stenosis was quantitated using the percent change in brightness area 
product of successive cross-sectional images of contrast agent-filled 
Tygon? tubing sutured to the epicardium. Myocardial blood supply was 
evaluated by the transmural and circumferential extent and the time rate 
of change of myocardial opacification during coronary angiography. The 
regional time rate of change of left ventricular wall thickening during the 
systolic phase of the cardiac cycle was demonstrated in the isolated 
ventricle preparation. The recently installed Dynamic Spatial Recon- 
structor high speed volumetric scanning system will be used to make these 
measurements from scan data obtained during a single angiogram in 
man. 


Among the distinctive features of ischemic heart disease are localized 
stenosis of coronary arteries, variable extent and magnitude of collateral 
blood supply to the myocardium and reduced functional reserve of 
myocardial regions. The disease decreases global cardiac function to a 
degree that depends on the amount of total myocardium affected and, 
to some extent, on the location of the affected area. Most diagnostic 
techniques quantitate only one aspect of the multiple manifestations 
of the disease process with fairly good sensitivity. However, these tech- 
niques generally cannot, in themselves, provide a measure of the relative 
importance of the particular manifestation studied. For instance, high 
quality coronary arteriography may demonstrate the presence of coro- 
nary collateral flow or of severe coronary arterial stenosis, yet the 
physiologic importance of these features in the patient under study can 
be deduced only indirectly from that angiogram. As a consequence, 
multiple independent tests are commonly used to provide independent 
measures of all the manifestations of the disease process. Because these 
tests are generally performed at different times and under different 
physiologic conditions the relative importance of these various mani- 
festations generally remains open to question. 

The dynamic spatial reconstructor (DSR), a multiple X-ray source 
(computed tomographic [CT]) scanner, has recently been installed and 
is currently undergoing preliminary test procedures.! This device has 
four operational characteristics that permit simultaneous estimation 


December 18, 1980 The American Journal of CARDIOLOGY Volume 46 1263 


VANI VILL OF IWIN AE ONO eee o8 8 "TUER pid 
. . 


COMPUTER-GENERATED DISPLAYS OF "CT" IMAGE OF HEART t. 


(310mg I,/ml Renovist in Tygon Tubing) 


4 
di 
= 
epe 
i: 
ite 
a 
fs] ; 
20~\- 





09/79/ELR 


_of global cardiac function, coronary anatomy and re- 
gional myocardial perfusion and function throughout 
the myocardium. These characteristics are: (1) recon- 
struction imaging of a volume large enough to encom- 
pass the entire heart, (2) synchronous imaging of this 
volume, (3) stop action imaging of this volume, and (4) 
rapid repetition imaging of this volume. Experimental 
evidence that this imaging approach is technically fea- 
sible has been described in detail elsewhere.? This paper 
illustrates use of a prototype? of the electronic scanning 
dynamic reconstruction system to demonstrate that 
multiple manifestations of ischemic heart disease can 
be quantitated relatively noninvasively. 


Methods 


Four aspects of ischemic heart disease that can be quanti- 
tated with the dynamic spatial reconstructor simultaneously 
were studied independently in different dogs. The basic 
scanning technique used in all cases is described in detail 
elsewhere.? The scans generate 240 images of 1 mm thick ad- 
jacent transverse sections encompassing the entire heart. 
Scanning of this stack of sections is repeated 60 times/s. 

Coronary arterial *anatomy": A 15 kg dog was anesthe- 
tized and Tygon tubes of various diameters were sutured to 
the epicardium after mid sternal thoracotomy. Three scans 
were performed, one with full strength roentgen contrast agent 
(310 mg iodine/ml) in the Tygon tubing, one with half strength 
contrast agent, and finally one with quarter strength contrast 
agent. Transverse sectional images of the heart were analyzed 
as follows: 

1. Locations of the contrast agent-filled tubes were iden- 
tified in each of the transverse images and the cross-sectional 
area of the tube was measured. The outline of the contrast 
agent-filled lumens was taken to be that region of the image 
where the brightness (that is, CT number) exceeded the mean 
brightness (4-2 standard deviations of the variability) for the 
adjacent heart wall. 

2. The product of the brightness and area was also calcu- 
lated for each tube. 'This value consists of the sum of the 
computed tomographic values (that is, tube CT number minus 
heart wall CT number) for all pixels within the image of each 
lumen. 

Transmural blood volume dynamics: A 14 kg dog was 





FIGURE 1. Left, transverse section image (1 mm 
thick) of the region of the heart. The elliptical gray 
zone is the section of the heart surrounded by 
heart tissue. Bright spots correspond to contrast 
medium (310 mg iodine/ml) in the tube lumens. 
Right, perspective plot of the computed tomo- 
graphic (CT) image in the left panel. The vertical 
(Z) axis represents the brightness of the computed 
tomographic image shown in the left panel. The 
peak deflections represent the contrast agent- 
filled Tygon tubes. 


anesthetized and two atrial transseptal catheters were posi- 
tioned with their tips in the left atrium. The heart was paced 
with a right atrial bipolar pacing catheter. During the scan- 
ning, contrast agent (310 mg iodine/ml solution) was infused 
continuously at a rate of 1 cc/s into the left atrium. Computed 
tomographic (CT) values in the subendocardial third, mid wall 
third and subepicardial third of the left ventricular free wall 
were “sampled” in each 0.033 second image throughout the 
cardiac cycle. 

Reduced perfusion of the region of myocardium sup- 
plied by a ligated coronary artery: A 16 kg dog was anes- 
thetized and the chest opened by means of a left thoracotomy. 
The left anterior descending coronary artery was ligated about 
halfway between its origin and the apex of the left ventricle. 
Both vagal nerves were exposed in the neck and stimulating 
electrodes attached. During the scan, the dog was rotated 
continuously with ventilation suspended and cardiac asystole 
maintained by continuous vagal stimulation. During the 
rotation, contrast agent was infused continuously into the 
aortic root through a catheter at a rate of about 2 cc/s. 

Regional and global myocardial function: A 15 kg dog 
was anesthetized and a thoracotomy performed. The left 
common coronary artery was cannulated with arterial blood 
from a larger heparinized donor dog. The major vessels of the 
heart were ligated and divided. The aorta and left atrium were 
cannulated and attached to a circuit. The right ventricle and 
atrial free walls were resected. The isolated heart preparation 
was suspended from the aorta and the entire preparation 
could be rotated for a scan. The circuit from the aorta to the 
left atrium contained radiopaque contrast medium (45 mg 
iodine/ml), and the left atrial pressure and aortic outflow re- 
sistance were controlled. This preparation maintained cardiac 
output and pressures comparable with those expected for a 
denervated ventricle of similar size in the intact dog. With this 
preparation, stroke output could be independently measured 
by a direct volumetric method on a stroke to stroke basis. After 
a scan was performed under control conditions, the left cir- 
cumflex coronary artery was ligated 2 cm distal to its origin 
and the scan repeated. 


Results 


Coronary arterial anatomy: A single “zoom” recon- 
struction of the region of the heart is shown in the left panel 
of Figure 1. The contrast agent in the epicardial tubes shows 
as bright spots whose size depends on the internal diameter 
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FIGURE 2. Brightness-area product (see text) of imaged 
Tygon tubes filled with contrast agent correlates well with 
relative cross-sectional area of the tubing with diameters 
ranging from 0.6 to 3.2 mm. Note maintenance of the 4:2:1 
ratio of brightness-area product values for the 100, 50, and 
25 percent concentrations of contrast agent in the tubes. The 0 
data were obtained from a 15 kg dog with Tygon tubing su- 

tured to the epicardium. 


"BRIGHTNESS AREA PRODUCT" 


of the tubing. Because the concentration of contrast agent is 
identical in all tubes, the brightness of all tubes should be 
equal. However, the perspective plot (Fig. 1, right) shows that 
the brightness of the tubes of small diameter is less than that 
of the tubes with a larger diameter. In addition, the diameters 
of the bright areas are larger than would be expected from the 
true tube diameter. These two blurring effects are attributed 
to the modulation transfer function characteristics of the 
imaging process. Figure 2 illustrates the relation between true 
tube luminal cross-sectional area and the brightness-area 
product computed from the images. The effect of roentgen 
contrast agent concentration on the accuracy of estimates of 
relative tube size is also demonstrated in this figure. 
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dium imaged in a transaxial image (see photographic insert) is 0.15 
sampled at intervals of 1/30th of a second throughout a single = 
averaged cardiac cycle. Roentgen opaque contrast agent (310 © 
mg iodine/ml) infused continuously at rate of 1 ml/s into the left > 
atrium of a 14 kg dog causes a "'bright" left ventricular chamber. — uj 
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mid wall and subepicardial areas for which the average CT 

number was sampled. The phase of the cardiac cycle is indicated 0.10 
by chamber cross-sectional area plotted in solid circles. The 

dynamic variation of myocardial CT values is plotted for the three 

selected areas. 
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Transmural blood volume dynamics: Because the 
roentgen contrast medium Renovist® used in these studies 
remains largely within the intravascular compartment during 
its first passage through the heart, the increase in radiopacity 
of myocardium must be proportional to the blood volume 
content of the intravascular space in the myocardium and the 
concentration of contrast agent in the blood. Transmural 
distribution of the myocardial blood volume, as indicated by 
the distribution of contrast agent in the left ventricular wall, 
is indicated in Figure 3. The computed tomographic (CT) 
number, or brightness, of regions of the myocardium should 
vary in proportion to blood content of the myocardium. 
During the end-diastolic phase of the cardiac cycle, the sub- 
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FIGURE 4. Transverse section images of in situ canine heart (at the locations indicated in the left panel) indicate transmural distribution of roentgen 
contrast agent (that is, blood ‘“‘content’’ of myocardium). The gap at “9 o'clock" in the lower image represents the unopacified free left ventricular 


(LV) wall. RV — right ventricle. 


endocardium is more opaque than is the subepicardium, a 
finding consistent with published data* indicating preferen- 
tially increased subendocardial blood content in the normal 
heart. Subendocardial opacity (that is, blood content) de- 
creases more than does subepicardial opacity during the early 
systolic phase; this observation is consistent with the hy- 
pothesis that subendocardial compression squeezes blood out 
of the subendocardium. 

Transmural perfusion deficit distal to ligated coronary 
artery: Figure 4 illustrates the reduced presence of roentgen 
contrast agent in the anterior free wall of the left ventricle in 
the heart of a dog whose left anterior descending coronary 
artery was ligated before the angiogram and scan were per- 
formed. The area of the wall with markedly decreased blood 
content is quite sharply demarcated and involves the entire 
wall thickness. 

Regional and global myocardial function: The ability 
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of the technique to image the moving wall of the working 
isolated left ventricle is illustrated in Figure 5. For evaluation 
of global ventricular function, total left ventricular myocardial 
mass and chamber volumes were calculated. These calcula- 
tions were achieved by identifying the endocardial and epi- 
cardial surfaces in each transverse image and calculating the 
area enclosed by each surface. On the basis of the calculated 
thickness of each transverse slice imaged, the volume of 
muscle and chamber imaged in each slice was calculated. Total 
left ventricular wall volume and chamber volumes were cal- 
culated merely by adding the respective volumes in all the 
slices encompassing the apical to basal extent of the left 
ventricle. This procedure was performed for each 0.0167 sec- 
ond throughout one average cardiac cycle synthesized from 
the multiple cardiac cycles imaged during the scanning pro- 
cess. Stroke volume was altered by changes in left atrial filling 
pressure and aortic outflow resistance. The relation of com- 
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FIGURE 5. X-ray video projection im- 
ages of a beating isolated canine left 
ventricle (top row) recorded during 
diastole and systole before and after 
ligation of the left circumflex coronary 
artery, and reconstructed cross sec- 
tions of ventricle (bottom two rows) at 
the two levels indicated by brightened 
lines, determined for diastole and sys- 
tole before and after ligation of the 
circumflex coronary artery. (Repro- 
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*puted (Y) versus directly measured (X) stroke volume was Y 
= 1.04X — 0.5; the correlation coefficient (r) was equal to 0.89 
over a range of stroke volumes of 4 to 20 cc. 


ies Discussion 


Advantages of method: An important feature of the 
dynamic spatial reconstructor (DSR) approach is that 
the original scanning data are obtained essentially 
synchronously within 10 ms, thereby greatly reducing 
problems related to motion blurring and lack of exact 
beat to beat reproducibility of shape, dimensions and 
location of the heart, which would be required for gated 
computed tomographic scanning. Second, the DSR 
approach allows retrospective computation of oblique 
and axial images without degradation of spatial and 
density resolution. Third, the format of scanning data 
produced by this approach is such that the thickness of 
the slice and its exact location and orientation can be 
positioned retrospectively exactly over the lesion of 
interest, thereby maximizing the utility of the image. 
The use of the brightness-area product permits quan- 
titation of relative size of stenoses with diameters much 
smaller than those it would be possible to quantitate on 
the basis of objective spatial resolution. The rationale 
for this index is that the total “energy” incorporated in 
the cross-sectional image of a small tube filled with 
contrast agent should remain relatively constant even 
though it is blurred (that is, spread out) by the imaging 
process modulation transfer function. 

Measurement of relative coronary stenosis: He- 
modynamically, the change from an 85 to a 90 percent 
stenosis may be highly significant in that the resistance 
to flow increases very rapidly.® In a coronary vessel with 
a diameter of 3 mm this represents a decrease of 0.1 mm 
in diameter of the vessel. Heroic technologic measures 
would, at this time, be required to achieve the spatial 
resolution necessary to quantitate this small change in 
diameter. Consequently, an accurate measurement of 
relative stenosis is the best that can be hoped for at 
present. After all, it is myocardial perfusion that governs 
the threat to the myocardium so that detection of the 
presence and location of a stenosis and the determina- 
tion of an index 8f its functional severity are important. 
These capabilities are likely to be adequate for indi- 
cating if the stenosis is the probable cause of impaired 
perfusion. 

Measurement of regional transmural blood flow: 
That regional transmural myocardial blood volume can 


be measured throughout the cardiac cycle has been 
demonstrated. Second, the relation between the location 
of reduced myocardial blood flow caused by an acutely 
occluded coronary artery and regional wall motion has 
also been demonstrated. These dynamic and spatial 
aspects of the passage of contrast agent in blood are the 
basic variables that need to be measured in order to 
estimate regional myocardial perfusion. Many of the 
techniques already well developed for estimation of 
blood flow with use of roentgen contrast agent injected 
into the bloodstream support the potential value of this 
approach.? This capability has the exciting potential of 
providing such quantitative estimates as the relative 
contribution of collateral perfusion of a region or the 
presence of subendocardial ischemia as an early index 
of ischemic heart disease. 

Regional wall motion and dynamics: Over the past 
decade, several clinical studies and animal experi- 
ments?? have suggested a direct relation between the 
magnitude of regional myocardial blood flow and the 
percent and rate of regional left ventricular myocardial 
wall thickening during systole and wall thinning during 
diastole. The data obtained in the working isolated left 
ventricular preparation are consistent with these data. 
Moreover, the transaxial image data permit measure- 
ment of wall dynamics in all regions of the myocardium. 
However, the primary potential value of the approach 
of the dynamic spatial reconstructor (DSR) is that it 
may permit all of these data to be obtained from a single 
injection of contrast agent into the right ventricle or 
pulmonary artery. On the assumption that a concen- 
tration of at least 80 mg iodine/ml contrast agent should 
be present in the aortic root so as to opacify adequately 
the coronary arteries and myocardium, an injection of 
at least 0.5 ml/kg is required (Padiyar R, unpublished 
data). As high speed volume imaging computed tomo- 
graphic (CT) scan machines like the DSR with higher 
density resolution become available, perhaps a right 
atrial or even an intravenous injection of contrast agent 
might be adequate to achieve these measurements in a 
single injection. 
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Positron emission computed tomography is a new technique of potential 
value for the noninvasive measurement of myocardial blood flow, me- 
chanical function and, in particular, metabolism. The capability of this new 
Study method is attributable to the technologic innovations of the imaging 
device and the availability of radioactive tracers that are specific for blood 
flow and metabolism. The device permits recording of cross-sectional 
images of the left ventricular myocardium that quantitatively reflect re- 
gional tracer tissue concentrations. Use of tracer kinetic models with this 
new technique permits measurements of regional glucose and fatty acid 
metabolism of the heart. Positron emission tomography is already an 
important new tool for investigative studies of cardiac physiology and 
pathophysiology; its clinical utility remains to be defined. 


Among the techniques available for the noninvasive study of the heart, 
positron emission computed tomography occupies a unique position: 
It permits assessment not only of regional myocardial blood flow and 
mechanical function, but also of regional myocardial metabolism. Each 
aspect of cardiac performance can be evaluated either individually or 
in combination. It is conceivable that with this new imaging modality 
the metabolic link between blood flow and mechanical function can be 
established. Thus, positron emission tomography offers the potential 
for an improved understanding of global and regional myocardial 
physiology in health and disease, although it has only recently been used 
in the field of cardiology. The following discussion is therefore intended 
to provide a basic understanding of the technical aspects of this new 
method, to describe approaches tHat are used for quantitative assessment 
of cardiac performance and to discuss its potential future use and clinical 
applications. 


Technical Considerations 


Autoradiographic nature of the images: There are two reasons for the 
unique capability of this new imaging modality: (1) the technologic innovations 
of positron emission computed tomography, and (2) the availability of radio- 
active-labeled tracers that are specific for metabolic pathways. Technically, 
positron emission computed tomography overcomes many of the limitations of 
conventional gamma camera or planar imaging!~*: The distribution of radioactive 
indicators in organs is displayed in a three dimensional fashion. Spatial resolution 
is depth-independent; that is, structures deep in the body are imaged with the 
same spatial resolution as those close to the surface. Finally, the effect of varying 
attenuation of photons as they travel through tissue before reaching the detector 
can be removed. The design of state-of-the-art positron computed tomographs 
is similar to that of the present conventional X ray transmission computerized 
tomographic (CT) scanners.! Both techniques use similar algorithms for image 
reconstruction. However, transmission tomographs use external X rays and 
determine their attenuation across the body, whereas in positron emission 
computed tomography the source of radiation resides within the body and its 


December 18, 1980 The American Journal of CARDIOLOGY Volume 46 1269 


POSITRON TOMOGRAPHY—SCHELBERT ET AL. , 


511 kev 







detector detector 


field of 
coincidence detection 


-»(a*b) 


attenuation » e 


FIGURE 1. Schematic representation of annihilation coincidence de- 
tection as the basis of positron emission computed tomography. As the 
positron interacts with an electron, their combined mass is converted 
into two 511 keV gamma rays that leave the site of interaction in dia- 
metrically opposed directions. The simultaneous emission of the 511 
keV gamma rays is detected by a pair of opposing scintillation detectors 
in coincidence. Interactions only within the field of coincidence detection 
are recorded. Further, attenuation of the gamma rays by tissue is a 
function of the path length a and b and the attenuation coefficient (see 
text). 


emissions are recorded for subsequent reconstruction into 
tomographic images. 

Positrons are particles with a mass equal to that of elec- 
trons but with a positive charge. As positrons lose their kinetic 
energy they interact with an electron and are annihilated. 
Their mass is converted into two 511 keV photons that leave 
the site of interaction in diametrically opposed directions. The 
simultaneous emission of the 511 keV photons is detected by 
pairs of opposing scintillation detectors connected by an 
electronic “coincidence” circuitry (Fig. 1). Only interactions 
occurring in the well defined "field of view" between each pair 
of detectors are recorded. This unique electronic collimation 
forms the basis of the depth-independent resolution. Like 
other photons, the two 511 keV X rays are attenuated as they 
travel through tissue, yet the degree of attenuation can be 
measured and, hence, corrected for appropriately. With use 
of these two principles, the distribution of positron-emitting 
indicators in the body can be determined by collecting data 
at multiple angles through a 180? arc. At present, this is best 
accomplished by tomographs using hexaganol, octagonal or 
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FIGURE 2. Whole body positron emission tomograph installed at the 
Nuclear Medicine Clinic, University of California, Los Angeles. 
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circular arrays of detectors!-? (Fig. 2). From the recorded dat% 
cross-sectional or tomographic images are formed that display 
the distribution of radioactive-labeled tracers in a quantitative 
manner, that is, in terms of millicuries per picture element or 
gram of tissue. Therefore, these images resemble autoradie* 
graphs that are obtained in vivo or provide an in vivo capa- 
bility that is analogous to in vitro counting of tissue samples 
(Fig. 3). 

Availability of radioactive-labeled tracers: Radioactive 
indicators specific for various metabolic pathways are the 
second reason for the potential of positron emission computed 
tomography.!-? Table I lists several positron-emitting radi- 
onuclides that are used. For example, the isotopes of oxygen 
(O-15), carbon (C-11) and nitrogen (N-13) can be labeled to 
physiologic compounds without altering their biologic prop- 
erties. Fluorine-18 also can be used to label chemical analogs 
of substrates by hydrogen or hydroxyl ion replacement. Table 
II list several of these radiopharmaceuticals labeled with 
positron-emitting radionuclides that are of potential value for 
the study of cardiac performance, myocardial blood flow and 
the metabolism of glucose, fatty acids and amino acids. The 
list includes only those compounds that have been evaluated 
at least to some extent. 

The short physical half-life of these isotopes (1.2 to 110 
minutes) limits a more widespread use of positron emission 
computed tomography because it requires an accelerator for 
the on-site production of these isotopes. Major efforts are 
therefore being devoted to the development of compact and 
dedicated cyclotrons that could be relatively inexpensive and 
reliable and operated like generator systems by technicians 
for fully or semiautomated production of labeled compounds. 
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FIGURE 3. Typical cross-sectional images of the left ventricular 
myocardium obtained after intravenous administration of N-13 ammonia. 
The cross sections are spaced 1 cm apart. Levels 1 to 3 show the high 
anterior wall, level 4 the mid left ventricle and levels 5 and 6 the lower 
and diaphragmatic portions of the left ventricle. The images reflect 
quantitatively the distribution of N-13 activity throughout the myocar- 
dium. ANT = anterior; LAT = lateral; POST = posterior wall of the left 
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ventricle; SEPTUM = interventricular septum. S 
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Positron-Emitting Isotopes for Positron Emission 
Computed Tomography 


~ Cyclotron-Produced 





Physical Generator Generator 
Isotope Half-Life System Half-Life 
Oxygen-15 2.03 min 
Nitrogen-13 9.98 min 
Carbon-11 20.4 min 
Fluorine-18 110.0 min 
Potassium-38 7.71 min 
Rubidium-81 4.7 h 
Generator-Produced 
Rubidium-82 75 s Strontium-82 —> Rb-82 25.0 days 


Gallium-68 
Copper-62 


68.3 min 
9.7 min 


Ge-68 — Ga-68 287.0 days 
Zn-62 — Cu-62 9.2h 


However, there are significant advantages to the short physical 
half-life of these isotopes, namely, a small dose of radiation 
to the patient and the potential to perform repeat studies at 
short time intervals. 

The need for on-site accelerators can be overcome to some 
degree by generator systems.5-9? With these systems several 
isotopes suitable for positron emission computed tomography 
can be obtained in a manner that is similar to the elution of 
the widely used technetium-99m from the molybdenum-99 
— technetium-99m generator (Table I). However, thus far the 
number of isotopes available through generator systems is 
limited. Moreover, incorporation of these isotopes into 
physiologic compounds without altering their biologic be- 
havior has not been satisfactorily accomplished. 

Conditions required for physiologic applications: 
Keeping in mind the two key elements of positron emission 
computed tomography (the autoradiographic nature of the 
images and the availability of physiologic tracers), how can 
one use this new imaging modality to measure regional myo- 
cardial perfusion and metabolism? Several conditions must 
be met before positron emission computed tomography can 
be used as a true and heretofore unknown “physiologic to- 
mography" 99: rigid characterization of the analytic capa- 
bilities of the imaging device for quantification of labeled 
tracer concentrations in tissue; delineation of the manner in 
which these tracer mimic a physiologic process; and, finally, 
physiologic modeling or mathematic formulation of tracer 
kinetic models so that physiologic variables can be derived 
from the imaging data. 

Research efforts in our laboratory have stressed the study 
of these conditions in order to develop truly physiologic to- 
mography. In the subsequent discussion we will evaluate each 
condition required for physiologic tomography and explain 
how it can be applied to the study of the three main aspects 
of myocardial performance: blood flow, mechanical function 
and metabolism. 


Measurement of Regional Myocardial Blood Flow 


Measuring myocardial indicator concentrations: 
Earlier we emphasized the autoradiographic nature of 
the cross-sectional images. In other words, these images 
reflect the distribution of tracer tissue concentrations 
in a quantitative manner and, hence, could be used to 


caoeno in vivo indicator tissue concentrations in terms 
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TABLE Il 


Positron-Emitting Radiopharmaceutical Agents Suitable for 
Cardiac Evaluation 


Blood Pool Labeling Agents 


Carbon-11 carbon monoxide 
Oxygen-15 carbon monoxide 
Gallium-68 red blood cells 


Indicators of Blood Flow 


Gallium-68 microspheres 

Copper-62 microspheres 
Potassium-38, rubidium-8 1, rubidium-82 
N-13 ammonia 


Indicators of Metabolism 


Carbon-11 free fatty acids (palmitate) 

Fluorine-18 2-deoxyglucose 

Carbon-11 2-deoxyglucose 

Nitrogen-13 amino acids (glutamic acid; glutamine)* 





of milligrams per gram of tissue. However, this capa- 
bility is somewhat limited by the partial volume effect. 
Because of this limitation, positron emission computed 
tomography underestimates indicator tissue concen- 
trations in anatomic structures that are small in com- 
parison with the image resolution. As Hoffman 
et al.!! demonstrated in phantom studies, if two objects 
with equal indicator concentrations but of considerably 
different volumes were imaged quantitatively, the 
concentration measured for the smaller object would be 
artificially small if its size were approximately two times 
less than the image resolution. Applied to the heart, 
positron emission computed tomography would un- 
derestimate indicator tissue concentrations in the 0.8 
to 1.2 cm thick left ventricular myocardium by nearly 
90 percent. Nevertheless, from the relation between 
concentration recovery and object size, the loss in con- 
centration recovery can adequately be corrected for if 
the object size is known. Wisenberg et al.,!? in our lab- 
oratory, recently demonstrated that this correction is 
indeed possible for the heart. During animal experi- 
ments, regional myocardial indicator tissue concen- 
trations were measured in vivo with a high degree of 
accuracy after the concentrations derived from the 
positron emission computed tomographic images were 
corrected for wall thickness determined on postmortem 
examination or on echocardiography. This demon- 
stration further confirmed the capability of positron 
emission computed tomography for the in vivo quan- 
tification of regional myocardial blood flow. With in- 
jection of gallium-68-labeled albumin microspheres into 
the left atrium and use of the arterial reference tech- 
nique,!? regional myocardial blood flow was accurately 
measured in vivo from electrocardiographic gated 
cross-sectional images of the left ventricle over a flow 
range from near 0 to 500 ml/min per 100 g. The standard 
error of the estimate over this large flow range was only 
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FIGURE 4. Relation between myocardial N-13 ammonia tissue con- 
centrations and myocardial blood flow measured in vitro with the mi- 
crosphere technique and in vivo with positron emission computed to- 
mography (ECAT). The solid line represents the curve fit for N-13 
ammonia concentrations measured in vitro, the broken line the curve 
fit for N-13 ammonia concentrations measured in vivo with positron 
emission computed tomography. Note the near linear relation over the 
flow range from 0 to 300 ml/min per 100 g. Further, both curves are 
virtually identical except for the upward shift of the in vivo curve which 
is due to instrument related background scatter and random coinci- 
dence, (Reprinted by permission from Schelbert et al.?!). 


12 ml/min per 100 g and the slope of the regression line 
between the in vivo and in vitro measurements was near 
unity (0.99). 

Diffusible positron-emitting indicators of flow: 
Whereas particulate indicators such as radioactive 
microspheres are most accurate for blood flow mea- 
surements, their use in human beings is limited. They 
require administration into the left atrium or at least 
into the left ventricle. Further, because these indicators 
get trapped in capillaries they are of potential risk to 
organ perfusion, for example, perfusion to the brain. 
Therefore, a diffusible indicator is needed that can be 
administered intravenously and can readily cross the 
pulmonary circulation and become trapped in myo- 
cardium in proportion to blood flow. Several positron- 
emitting indicators have recently become available that 
may meet these requirements. Among these are potas- 
sium-38,!4 which is likely to exhibit the same charac- 
teristics as potassium-43, which has been used in the 
past as a flow indicator with gamma camera imaging. 
Budinger et al.!? recently reported on the generator- 
produced short-lived rubidium-82 as an indicator for 
blood flow. This agent, considered a potassium analog, 
is likely to possess properties similar to those of potas- 
sium-43 and rubidium-81 (the latter is also a positron 
emitter and can be used with positron emission com- 
puted tomography). Initial results with this agent are 
. promising, yet its ultrashort physical half life of 75 
seconds may require specifically designed administra- 
tive schedules. 

Nitrogen-13 ammonia for measuring regional 
myocardial blood flow: We extensively evaluated 


1272 


another agent, nitrogen-13 ammonia, which was initially: 
used as a myocardial imaging agent.!6-15 Administered» 
intravenously, N-13 ammonia is distributed in pro- 
portion to blood flow and rapidly and almost completely 
clears from the blood into the myocardium where it if 
trapped sufficiently long to permit quantitative imag- 
ing.!9-21 With these properties, N-13 ammonia resem- 
bles to some degree a particulate indicator. At control 
flow (80 ml/min per 100 g) the extraction of N-13 am- 
monia during a single capillary transit approaches 90 
percent!’ but decreases as flow increases.?! Within the 
range of physiologically encountered flows (for example, 
from near 0 to 300 ml/min per 100 g) myocardial tissue 
concentrations are almost linearly related to myocardial 
blood flow (Fig. 4). Except for extreme changes in ar- 
terial plasma pH levels, trapping of N-13 ammonia in 
the myocardium remains unaffected by alterations in 
the metabolic and functional state of the heart (un- 
published data). There is evidence that because N-13 
ammonia rapidly clears from the blood and is quickly 
trapped and fixed in the myocardium (blood levels of 
N-13 ammonia are less than 2 percent of peak activity 
within 5 minutes of injection) noninvasive quantifica- 
tion of regional myocardial blood flow with this agent 
may be possible.?? 

Detection of coronary stenosis: The suitability of 
this new agent for the assessment of regional myocardial 
blood flow with positron emission computed tomogra- 
phy has been demonstrated in experimental animals?-?? 
and, more recently, in human beings.?^ We?^ have fur- 
ther shown the potential value of N-13 ammonia and 
positron emission computed tomography in detecting 
mild coronary arterial stenoses. At rest, even moderately 
severe coronary stenoses may not alter coronary blood 
flow, yet they limit the coronary flow reserve. Con- 
versely, coronary flow reserve may be reduced by very 
mild stenoses, a phenomenon that can be demonstrated 
during maximal coronary vasodilatation.?? Using this 
technique in chronically instrumented animals we were 
able to detect narrowing of coronary stenoses with less 
than 50 percent in diameter with N-13 ammonia and 
positron emission computed tomography during phar- 
macologically induced vasodilatation.?? These findings 
are currently being tested in human #ubjects (Fig. 5). 
Our results in 10 normal volunteers and 29 patients with 
coronary artery disease appear to confirm these initial 
data in animals and indicate that coronary stenoses as 
low as 40 percent in diameter narrowing can indeed be 
identified.?4 


Assessment of Regional Mechanical Function 


Regional myocardial function is conventionally de- 
termined from the extent and time course of regional 
systolic wall motion and thickening. These variables are 
conventionally derived from contrast cineventriculog- 
raphy,26 echocardiography? or electrocardiographic 
gated blood pool imaging.?? As in the latter method, the 
positron computed tomograph can be synchronized with 
the patient's electrocardiogram and gated cross-sec- 
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systole or as a sequence of images throughout the entire 
cardiac cycle.?? 

Regional wall motion: From the gated cross-sec- 
tional images of the left ventricular myocardium or the 
erdiac blood pools— visualized after inhalation of small 
amounts of C-11 carbon monoxide that binds to he- 
moglobin and is an excellent blood pool imaging 
agent—quantification of left ventricular wall motion 
and global left ventricular function will be possible in 
the near future. As Nichols et al.?? recently demon- 
strated in patients with coronary artery disease, it is also 
possible to evaluate indirectly the functional reserve of 
the left ventricle by positron emission tomography by 
monitoring the changes in cardiopulmonary blood 
volume during exercise. 

Regional wall thickening: Furthermore, regional 
wall thickening may be a highly sensitive index of re- 
gional myocardial function?! that can be determined 
from gated cross-sectional images of the left ventricular 
myocardium. We mentioned earlier the difficulties in 
concentration recovery related to object size. Although 
this dependency complicates the quantification of tissue 
concentrations it can be utilized to measure systolic wall 
thickening. As shown recently in our laboratory,!? the 
counts recovered from a given myocardial segment and 
expressed in counts/min per gram of tissue increase 
from end-diastole to end-systole. The increase is pro- 
portional to the degree of wall thickening as measured 
with echocardiography. If applied to human subjects, 
measurements of regional myocardial blood flow could 
be combined with determinations of regional mechan- 
ical function and both measurements correlated. It 
would also seem feasible to expand this concept to 
comparison of regional myocardial function with me- 
tabolism provided the myocardium is visualized with 
a metabolic tracer. 


Assessment of Regional Myocardial Metabolism 


Numerous techniques have been developed and 
successfully used for evaluating regional myocardial 
blood flow and function either invasively or noninvas- 
ively. However, the in vivo study of regional myocardial 
metabolism has thus far been unsatisfactory. It is in this 
area where positron emission computed tomography 
shows the greatest promise and where its unique po- 
tential lies. 

Available metabolic isotope tracers: This potential 
is attributable to the quantitative capabilities of the 
imaging device and to the availability of radiopharma- 
ceutical agents that are highly specific indicators of 
metabolic pathways. We discussed earlier the isotopes 
that can be labeled to naturally occurring compounds 
without altering their biologic behavior. Although it 
would seem logical to label metabolic substrates, the 
difficulties encountered with this approach can be il- 
lustrated by the example of labeled glucose. Glucose as 
a primary energy substrate can be tagged with carbon- 
11 (C-11) but its chemical state in myocardium at any 
time after intravenous administration remains unknown 
to positron emission computed tomography. The mea- 


red C-11 tissue concentrations represent a complex 
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FIGURE 5. Cross-sectional myocardial perfusion images obtained with 
N-13 ammonia during a control period and during dipyridamole-induced 
coronary vasodilatation. Only the high to mid anterior wall is shown (1 
and 2). In the control period the images are normal; however, during 
hyperemia, a defect is evident in the anterior wall (arrows) corre- 
sponding to a stenosis of the left anterior descending coronary ar- 
tery. 


distribution of compounds that change with time. 
Further, its rapid turnover rate in the myocardium 
poses some limitations on the acquisition of high con- 
trast cross-sectional images. 

It thus would seem preferable to use radioactive 
tracers that are not only specific for a given metabolic 
pathway but are also retained in the myocardium suf- 
ficiently long to permit adequate external imaging and 
to trace a metabolic process in a known and well defined 
manner that is amenable to physiologic modeling.9.10 
Past research has therefore focused on two radiophar- 
maceutical agents—C-11 palmitate and F-18 deoxy- 
glucose (FDG)—both of which appear largely to fulfil 
the requirements of physiologic tomography. Moreover, 
they seem particularly intriguing for the study of cardiac 
metabolism because the role of glucose and free fatty 
acids as the primary energy substrates of the heart has 
been well establisbed. 

C-11 palmitate for assessing fatty acid metabo- 
lism: Carbon-11 palmitate has been described as a 
myocardial imaging agent suitable for positron emission 
computed tomography??3? and more recently has been 
used for sizing myocardial infarcts in human beings.?4 
Beyond its use for myocardial imaging, this agent may 
eventually prove useful for assessing fatty acid metab- 
olism of the heart. Because the C-11 label does not alter 
the biologic behavior of palmitate, the total uptake in 
myocardium or its turnover rates should, in theory, 
provide a measure of the rate of fatty acid metabolism. 
This hypothesis appears confirmed by Goldstein,35 
Klein?6 and their co-workers, who observed in the iso- 
lated perfused rat heart an inverse relation between 
myocardial half-times of C-11 palmitate and cardiac 
work. Further, the myocardial tissue half-time was 
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FIGURE 6. Three compartment tracer kinetic model for the kinetics 
of F-18 2-fluoro-2-deoxyglucose (F '8DG) (see text). 


markedly prolonged under ischemic conditions.?? Al- 
though these results are encouraging, their application 
to the in vivo situation with recirculation of indicator 
and flow dependency of indicator delivery and washout 
is highly complex and'awaits further clarification. 

Moreover, the intracellular kinetics of free fatty acids 
and hence of C-11 palmitate are very complex and ex- 
emplify the difficulties in measuring regional myocar- 
dial metabolic rates in vivo. On entering the myocardial 
cell, free fatty acids are either channeled directly into 
beta oxidative pathways, incorporated into phospho- 
lipids or stored in the form of triglycerides. It appears 
that a large fraction of fatty acids entering the cell is 
initially stored in the form of triglycerides. External 
measurements of myocardial C-11 palmitate uptake 
would therefore not strictly reflect the rate of fatty acid 
utilization. Conversely, myocardial half-times of C-11 
activity would indicate primarily the rate at which tri- 
clycerides are hydrolyzed. The rate of fatty acid utili- 
zation thus could be deduced only by inference, pro- 
vided that all of the hydrolyzed fatty acids enter beta 
oxidation without any loss into the blood. Accurate 
measurements of fatty acid utilization are therefore 
possible only if (1) the various segments of the fatty acid 
metabolism can be identified and delineated; or (2) 
when measuring total myocardial uptake, the ratio of 
fatty acids entering beta oxidation to fatty acids con- 
verted to triglycerides is constant; or (3) when mea- 
suring myocardial half-times, the rate of fatty acid ox- 
idation is in constant proportion to the rate of triglyc- 
eride hydrolysis. It is conceivable that the complex ki- 
netics of natural compounds cannot be defined suffi- 
ciently to permit accurate measurements of myocardial 
metabolic rates; substrate analogs must be developed 
that trace only one segment of a metabolic pathway, yet 
can be better delineated, their kinetics expressed in the 
form of a physiologic model and formulated in mathe- 
matic terms. 

F-18 deoxyglucose for measuring regional glu- 
cose utilization rates: Radioactive-labeled 2-deoxy- 
glucose has become available as such a substrate analog 
for the measurement of regional glucose utilization 
rates. Sokoloff et al.?? labeled this agent with C-14 and 
originated a physiologic model for measurements of 
local cerebral glucose utilization in vitro. To adopt this 
technique for in vivo positron emission computed to- 
mographic measurements, the 2-hydroxy group was 
substituted by an F-18 atom to yield F-18 2-fluoro-2- 
deoxyglucose (FDG).**:39 Huang et al.4° modified the 
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original physiologic model, and measurements of re»; 
gional cerebral glucose metabolism with this technique 
were subsequently validated by Phelps et al.** Once 
administered intravenously, both exchange of FDG 
across capillary and cell membranes as well as initia? 
metabolization are similar and proportional to those of 
glucose. Like glucose, FDG is phosphorylated by hex- 
okinase to FDG-6-PO,. It then becomes metabolically 
trapped and is not a substrate for glycolysis, glycogen 
formation or the pentose shunt. Metabolically unbound 
FDG subsequently clears from the myocardium and 
positron emission computed tomographic images ob- 
tained at equilibrium reflect the regional utilization 
rates of exogenous glucose. 

The kinetics of F-18 2-fluoro-2-deoxyglucose can be 
expressed by a three compartment tracer kinetic model 
with exchange among compartments that follows first 
order kinetics.494! This is shown schematically in Figure 
6, where k;* and k»* are the rate constants for forward 
and reverse transport across the capillary and cell 
membranes and ks* and k4* the rate constants for 
phosphorylation and dephosphorylation between FDG 
and FDG-6-PO,. Our initial findings suggest that the 
rate constants of FDG in myocardium are similar in 
magnitude to those in the brain.** Once established they 
will be incorporated together with the physiologic model 
into the tomograph's systems program*?-^^ so that re- 
gional myocardial utilization rates can be determined 
routinely by trained technicians in nuclear medicine. 
For this measurement, FDG is administered intrave- 
nously and venous blood sampled serially. After 40 to 
50 minutes, when near steady state conditions are 
reached, cross-sectional imaging is performed, plasma 
glucose and FDG levels obtained and entered into the 
tomograph's systems computer; regional myocardial 
glucose utilization rates are then calculated automati- 
cally from selected regions of interest.4° The accuracy 
of these measurements for the brain has been docu- 
mented, but that for the heart awaits validation. Nev- 
ertheless, our initial experience has been encouraging. 
Regional glucose utilization rates calculated with this 
noninvasive approach ranged from 5 to 20 mg of glu- 
cose/min per 100 g and thus are in close agreement with 
data derived invasively in our labomatory in experi- 
mental animals using the Fick method (unpublished 
data). 


Clinical Applications 


'Thus far, we have discussed the technical aspects of 
positron emission computed tomography and its po- 
tential as a new means for the noninvasive study of re- 
gional myocardial blood flow, mechanical function and 
regional metabolism. Considering the complexities, 
effort and cost involved, the question as to whether this 
new study means will be clinically feasible and cost ef- 
fective seems appropriate. Our initial clinical experience 
with this new tool in patients with cerebral disease is 
very encouraging and suggests that metabolic abnor- 
malities of the brain detected with physiologic tomog- 
raphy provide an improved understanding of cerebral 
function.4?»46 In these studies, the metabolic abnor- 
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malities correlated better with the clinical symptoms 
than with the structural or anatomic alterations re- 
vealed by computed tomographic (CT) scanning.*° 
Whether this also applies to the heart is at present un- 


mw" @ertain and will likely be answered in the near future. 
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Detection of coronary arterial stenosis: Physio- 
logic tomography offers a unique and heretofore un- 
known potential for the study of regional myocardial 
physiology and pathophysiology. We mentioned earlier 
our initial observations on the detection of coronary 
arterial stenoses in the experimental animal?? and in the 
human subject.*4 In these studies, detection of single 
vessel disease in human subjects was highly accurate 
and appeared superior to that obtained with conven- 
tional imaging. Stenoses with only 40 percent diameter 
narrowing on coronary arteriography were correctly 
identified. In about 50 percent of patients with triple 
vessel disease, the technique identified only two of the 
three diseased coronary arteries. The vessels not de- 
tected were usually those with the least severe stenosis. 
Image analysis in these studies was only qualitative and 
the segment supplied by the least severely stenosed 
coronary artery was used as reference. However, if the 
response to pharmacologic coronary vasodilatation is 
reproducible and consistent from patient to patient 
then the absolute increase in segmental myocardial 
blood flow should be a superior index for the presence 
and severity of a coronary stenosis. Quantification of 
region myocardial blood flow with positron emission 
computed tomography appears possible by measuring 
the arterial input function and the local myocardial 
N-13 ammonia concentrations. 

Study of myocardial metabolic alterations in 
acute ischemia: As another example, this new study 
technique may, for the first time, permit characteriza- 
tion of the local metabolic alterations associated with 
acute myocardial ischemia. In preliminary animal ex- 
periments we*’ applied a graded stenosis to the left 
anterior descending coronary artery and induced isch- 
emia by pacing at high rates. Myocardial perfusion as- 
sessed with N-13 ammonia and positron emission 
computed tomography was reduced in the ischemic 
segment. F-18-2-fluoro-2-deoxyglucose concentrations 
as an index of fegional glucose utilization were de- 
creased in the ischemic segment, yet were dispropor- 
tionately less than blood flow (Fig. 7). Quantitative 
correlation between perfusion and the glucose uptake 
in the cross-sectional images demonstrated glucose 
uptake in excess of flow in the ischemic segments. If 
blood flow reflects the oxygen availability (that is, if the 
net extraction of oxygen does not considerably increase 
at reduced flows), then these observations suggest that 
energy in the ischemic segment is primarily derived 
from glucose either by residual oxidative capacity or by 
anaerobic glycolysis, or by both, as suggested by Opie 
et al.*5 Of interest in this context is the recent demon- 
stration‘? of accumulation of F-18 in infarcted myo- 
cardium. Comparison of FDG and F-18 images in acute 
myocardial ischemia thus may allow evaluation of 
ischemic segments with respect to cell viability and ir- 


oe cell injury. Should this approach be appli- 
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FIGURE 7. Cross-sectional images obtained in a dog during pacing- 
induced ischemia of the anterior wall. Note the extensive perfusion 
defect in the perfusion images (arrows); a defect is also evident in the 
glucose uptake images, but is considerably less pronounced and 
suggests glucose utilization in excess of blood flow (see text). 


cable to human subjects it may become possible to 
identify ischemic myocardium, characterize its meta- 
bolic state and the degree of cell viability. It may also 
be of value in monitoring the effects of therapeutic in- 
terventions designed to salvage injured myocardium. 
Because the severity of ischemia depends not only on 
blood flow but also on the mechanical demand as well 
as the duration of the insult (all of which are at present 
difficult if not impossible to assess) physiologic to- 
mography may provide the most accurate means for 
estimating the severity of ischemia. 


Clinical Implications 


The examples described were intended to illustrate 
the potential of physiologic tomography and to evaluate 
the type of information that can be obtained with this 
new means of studying cardiac performance. It is con- 
ceivable that such data prove to be clinically useful and 
relevant. Nevertheless, the utility and ultimate clinical 
role of this new imaging technique are difficult to assess 
and need to be defined in the future. However, we be- 
lieve that the current improvement in instrumentation, 
the development of compact, reliable and generator-like 
cyclotrons or development of radiopharmaceutical 
agents labeled with positron emitters (available through 
generator systems) will greatly facilitate the use of 
physiologic tomography and make it accessible to a 
larger number of users. Physiologic tomography already 
represents an important new tool for investigative 
studies to improve our understanding of cardiac phys- 
iology and disease. The quantitative aspects as well as 
simultaneous evaluation of more than one aspect of 
myocardial performance—for example, simultaneous 
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study of mechanical function, blood flow and metabo- 
lism and their interdependency—will provide a new and 
‘better understanding of myocardial physiology. Because 
many of the cardiovascular disorders originate at the cell 
or metabolic level it is hoped that this technique may 
serve as a means for the early detection of cardiac dis- 
ease, perhaps at a stage when it is still amenable to 
therapy. 
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During the past several years, the production of high resolution images 
of organs in intact animals and human beings using nuclear magnetic 
resonance (nmr) has generated much interest and raised the possibility 
that the technique could be usefully applied to clinical problems. Because 
the images are derived from biochemical as well as structural information, 
valuable data relating to the metabolic status of the tissues and organs 
may be obtained. Furthermore, nuclear magnetic resonance imaging 
involves no potentially hazardous ionizing radiation. The technology of 
the technique is complex and much work remains to be done defining the 
biochemical and physiologic basis of such images, but the potential re- 
wards of defining the metabolic state of organs such as heart and brain 
in the intact animal and human justify continued research. 


Since 1977, high resolution images of organs in intact animals formed 
by the technique of nuclear magnetic resonance (nmr) have been pro- 
duced by several laboratories. This method of imaging is attractive be- 
cause it avoids the use of ionizing radiation and tracer administration 
and potentially could provide metabolic as well as anatomic informa- 
tion. 

Nuclear magnetic resonance is one of the newest methods of probing 
the electromagnetic spectrum of atoms and molecules. Although first 
described in the 1940's, it was only recently that the technique was ap- 
plied to studies of biologic samples. The approach was slow to find ap- 
plication in biologic systems because it lacked sensitivity for detection 
of relevant nuclides. In addition, the complexity of organized living 
systems presented a difficult challenge for the technique. Before 1974 
nuclear magnetic resonance studies of biologic systems were limited to 
examination of purified biologic materials such as protein solutions, lipid 
bilayers and ions. In 1974 nuclear magnetic resonance studies relating 
to metabolic function of intact red blood cells? and intact living mus- 
cle^^ were published. This was the beginning of the realization that 
detailed useful data could be extracted from nuclear magnetic resonance 
spectra of complete biologic systems. 

'The feasibility of using nuclear magnetic resonance to produce images 
depicting spatial distribution of nuclei was first demonstrated in the 
early 1970's by Lauterbur.?$ The intervening years have seen a dramatic 
expansion in the field of nuclear magnetic resonance imaging. Early 
successes in the field?-!? have sparked an interest in many laboratories 
in developing nuclear magnetic resonance imaging into a clinically useful 
diagnostic tool. 


Nuclear Magnetic Resonance (nmr) Spectroscopy 


Comprehension of the approach to nuclear magnetic resonance 
imaging requires at least a preliminary understanding of nuclear mag- 
netic resonance spectroscopy. Many of the elements of the periodic table 
have isotopes that, by virtue of their quantum spin numbers, have 
magnetic moments. Although the analogy is an oversimplification, these 
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"atomic nuclei behave as though they were tiny bar 
"magnets (Fig. 1). The isotopes most easily observed with 
nuclear magnetic resonance are: hydrogen (protons), 
‘ fluorine-19, phosphorus-31 and carbon-13. 
hr In the presence of an externally applied magnetic 
field, the relevant atomic nuclei align themselves either 
lp. parallel or anti-parallel to the field (Fig. 2), and they 
precess, or rotate, much as a child's spinning gyroscope 
precesses in the earth's gravitational field when tipped 
from its vertical position. If these nuclei are then dis- 
turbed, or tilted from their equilibrium alignments by 
a pulse of radiofrequency radiation (Fig. 3), the pre- 
cessing nuclei return to their ground state of equilibrium 
by emitting low energy radiofrequency signals that are 
detected by a tuned antenna coil and amplified (Fig. 4). 
Frequency analysis of the emitted signal is accom- 
plished by Fouriér transformation and the nuclear 
magnetic resonance spectrum is displayed as a plot of 
intensity of signal versus frequency. The emitted signal 
is generally very low except at the resonant frequency 
of the nucleus where a peak is observed. The resonant 
frequency is, in fact, the frequency of precession of the 
nucleus in a given magnetic field. 

Because the resonant frequency of a nucleus is a 
function of both its magnetic moment and the effective 
magnetic field at the nucleus, chemical interactions 
affecting the electron cloud surrounding the nucleus 
change the effective field and alter or shift the resonant 
frequency, allowing separation and identification of 
different chemical species. An example of a phosphorus 
nuclear magnetic resonance spectrum illustrates this 
concept (Fig. 5). The ability to observe separately and 
quantitate different chemical species is the basis of 
nuclear magnetic resonance spectroscopy. 

Other useful information obtainable by nuclear 
magnetic resonance are relaxation times. As the pre- 
cessing nuclei excited from a radiofrequency pulse give 
up energy in the form of emitted radiation, they relax 
to their equilibrium positions exponentially with a time 
constant T. T; is called the spin-lattice relaxation time. 
The relaxation variable of protons, for example, pro- 
vides useful information about water structure and al- 
lows detection of subtle changes in tissue. 

Because nucléar magnetic resonance-emitted signals 
are weak and thermal motion obscures the signal, thus 
resulting in a poor signal to noise ratio, the samples are 
generally studied multiple times with repeated pulses 
of radiofrequency energy and the emitted signal is 
time-averaged. Because thermal noise is random, the 
time average of thermal noise is zero; thus the more 
pulses, the higher the signal to noise ratio. 
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Nuclear Magnetic Resonance Imaging 


In the early 1970's Lauterbur recognized that nuclea 
magnetic resonance could be used to construct images 
The resonant frequency of a sensitive nuclide is pro 
portional to the magnetic field at the nucleus: w = yH 
where w is the resonant frequency, y is a constant fo 
a given nuclide, called the gyromagnetic ratio, and H i 
the magnetic field. For nuclear magnetic resonance 
spectroscopy, the magnetic field is uniform. If th 
magnetic field is made inhomogeneous by superim 
posing magnetic field gradients over the main homo 
geneous field, it is possible to attach spatial informatioi 
to the emitted signal and thereby reconstruct image 
(Fig. 6). 

Several methods have been devised for inscribin, 
spatial data on the nuclear magnetic signal. One sucl 


8 Fandom nuclear moments. 


FIGURE 1. Sensitive nuclei have random magnetic moments in thi 
absence of a magnetic field. 


8 Uniform magnetic field aligns magnetic moments 
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FIGURE 2. In the presence of an externally applied uniform magnetic 
field, the magnetic moments align themselves parallel to the field 
N = north; S = south. 


a Applied RF burst perturbs magnetic moments. 
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FIGURE 3. An appropriately timed radiofrequency (RE in) pulse pertirbs 
the equilibrium distribution of the magnetic moments. 


‘y 8 Realignment emits characteristic frequency sensed by RF cori 


FIGURE 4. As the perturbed nuclei relax to equilibrium, the 
emitted radiofrequency signal (RF out) is sensed by a suitably 
tuned radiofrequency (RF) coil (antenna). Fourier transfor- 
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FIGURE 5. Representative phosphorus-31 nuclear magnetic resonance 
spectra from isolated perfused rat hearts. A, spectrum from a Lan- 
gendorf heart. B, spectrum from a working perfused heart. Note that 
the working heart has less creatine phosphate and more inorganic 
phosphate (Pi). ^y, @ and B represent the three phosphate groups of 
adenosine triphosphate (ATP). 


approach, the “sensitive point" technique, pioneered 
by Hinshaw et al.!!, has thus far produced the highest 
quality images of biologic tissue. In this approach, 
rapidly alternating orthogonal (perpendicular) magnetic 
field gradients are superimposed on the static field. By 
adjusting the gradients appropriately, a single point, or 
line, in the sample is isolated in the imaging space where 
the alternating gradients are null. The alternating field 
gradients are analogous to a child's seesaw. A time ex- 
posure photograph of the seesaw when it is moving up 
and down will be blurred except at the fulcrum. The 
fulcrum is analogous to the "sensitive point." It is from 
this point or line that the nuclear magnetic resonance 
signal is gathered and stored in the computer or dis- 
played directly. The signals from all other locations are 
eliminated. The sensitive locus can then be moved 
electronically through the sample by adjusting the field 
gradients and the completed image displayed as a to- 
mogram or a projection (Fig. 7). 


æ Mognetic field gradient makes frequency position dependent. 
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DISPLAY 


The image data obtained using this technique are 
intrinsically three dimensional and, with use of com-s 
puter techniques, three dimensional image recon- 
struction is possible as well as tomographic display. 'To 
date, tomograms with less than 0.5 mm resolution ha 
been made of various vegetables and fruits (Fig. 8), a 
rabbit’s head and a human wrist.!!:!2 An advantage of 
this technique is that there are no moving parts in the 
instrument. The sensitive locus is moved entirely by 
electronically adjusting the magnetic field gradients. 
The time required to produce a nuclear magnetic reso- 
nance image depends on many factors: the size of the 
sample, the method of constructing the image, the res- 
olution desired, the signal to noise ratio and, therefore, 
the quality of image desired. With optimization of all 
these factors it should be possible to obtain reasonable 
quality nuclear magnetic resonance images of human- 
sized objects in a clinically acceptable time. 


Biologic Imaging Applications of Nuclear 
Magnetic Resonance 


Nuclear magnetic resonance imaging offers the op- 
portunity to gather spatial biochemical information on 
intact and functional biologic systems. Because water 
is the major component of every biologic system and 
protons are the most sensitive of nuclei to nuclear 
magnetic resonance observation, the protons of water 
are the most conspicuous component of tissue with 
which to generate a nuclear magnetic resonance image. 
Water constitutes 80 percent of muscle and 90 percent 
of brain and blood. In tissue damaged by ischemia the 
water content can increase by as much as 20 to 30 per- 
cent. It has been found that the relaxation variable Tı 
is a function of the type of tissue and, importantly, can 
be significantly different in normal and diseased tissues. 
Although it was initially suggested that changes in re- 
laxation properties of tissue are simply and only a re- 
flection of the water content, these variables have been 
shown to be affected by additional factors that may have 
importance to the structure of water in the cell. These 
factors include the protein content and state of associ- 
ation (that is, the structure of water), ionic strength and 
composition, cell pH and probably other factors yet to 
be defined. The characteristics of the &uclear magnetic 
resonance signal of water (both content and T3) might 
therefore provide a sensitive means for defining struc- 
tures and identifying diseased tissue by nuclear mag- 
netic resonance imaging. 

Some nuclear magnetic resonance measurements of 
water in heart have been made.!?.!^ These reports, 
coupled with several basic studies of myocardial edema 
due to ischemia, suggest that there may be differences 


FIGURE 6. Because the resonant frequency of a nucleus 
is a function of the magnetic field at that nucleus, the impo- 
sition of a field gradient allows spatial separation of sensitive 
nuclei. Nuclei with the same magnetic moment have a 
greater resonant frequency in a stronger magnetic field than 
in a weaker one. Various methods of gradient production and 
image reconstruction have been used to produce nuclear 
magnetic resonance tomograms. 
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specimens demonstrated that (1) water content in- 
creases in ischemic tissue, (2) T, values change in par- 
allel with ischemic damage, and (3) administration of 
the paramagnetic ion manganese dramatically alters T 
values in the compromised tissue. These results suggest 
that proton nuclear magnetic resonance of the heart 
might allow clinical differentiation between normal and 
ischemic tissue. 

It is entirely conceivable that proton nuclear mag- 
netic resonance imaging will be able to identify, depict 
and quantify ischemic myocardial injury, either in the 
acute phase or chronically. The detection of these areas 
based on biochemical information may allow mea- 
surement of infarct size, extent of the ischemic zone and 
therefore the amount of myocardium in jeopardy. The 
nuclear magnetic resonance technique could even be 
combined with maneuvers such as exercise to depict and 
quantify the changes associated with ischemia. 

The use of phosphorus-31 nuclear magnetic reso- 
nance to study myocardial ischemia and infarction 
offers a method to evaluate endogenous compounds that 
are actively and directly linked to organ function. Large 
changes occur in the concentration, rates of utilization, 
and synthesis of adenosine triphosphate (ATP) and 
creatine phosphate (CrP) during ischemia. These 
changes follow loss of myocardial contractile function 
and precede ultrastructural derangements and cyto- 
plasmic enzyme depletion. As recently discussed by 
Kubler and Katz,!^ changes in concentrations of ATP 
or CrP in specific cell compartments may regulate the 
energy-dependent processes of contraction and ion 
transport. It is possible that the extent of depletion of 
high energy phosphates is an important determinant 
of return of function, that is, viability. 

Because ATP, CrP and inorganic phosphate can be 
distinguished with nuclear magnetic resonance spec- 
troscopy, the characteristics of high-resolution phos- 
phorus (P) 31 nuclear magnetic resonance spectra may 
permit definitior of reversible and irreversible ischemic 


FIGURE 8. Right, nuclear magnetic 
resonance proton image of an uncut 
lemon. Note the fine detail of the 
septa and the seed. The resolution 
is substantially less than 1 mm. Left, 
photograph of the lemon at the level 
of the imaging plane. (Reproduced 


aldo S. Hinshaw, PhD.) 
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FIGURE 7. Time variant gradients along the X and Y axes define planes 
A and B, respectively, where the gradients are null. The intersection 
of A and B is a line along the Z axis, MN. If a static magnetic gradient 
is applied along the Z axis, the nüclear magnetic resonance (nmr) signal 
recorded is a projection along line MN (lower right). By adjusting the 
time variant gradients, line MN may be moved anywhere in the imaging 
volume. Computer image reconstruction of the object can then be 
performed. 
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damage to the myocardium. ATP, CrP and inorganic 
phosphate have been measured in intact beating rat 
hearts with use of nuclear magnetic resonance.!6 At the 
onset of ischemia, CrP concentration decreases rapidly; 
A'TP concentrations decrease more slowly. Inorganic 
phosphate increases stoichiometrically. If ischemia is 
transient, the concentrations of high energy phosphates 
return toward normal. However, if cell death occurs, not 
only do the levels of ATP and CrP remain low, but also 
inorganic phosphate will eventually wash out, identi- 
fying infarction. In addition to monitoring the decrease 
in ATP and CrP during ischemia, Jacobus et al.,!7 used 
phosphorus-31 nuclear magnetic resonance positions 
to monitor changes in intracellular pH. 
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been made based on saline models. Whether these es-* 
timates are accurate approximations in human tissue 


The potential clinical use of nuclear magnetic res- 
.onance to obtain detailed biochemical information 


reflecting cell viability would be an extraordinary 
means for identifying, quantifying and understanding 
the ischemic process. The natural history of the isch- 
emic process, the assessment of efficacy of medical and 
surgical intervention and improved understanding of 
the pathophysiology of ischemic disease are all potential 
rewards of this approach. 


Unresolved Problems 


As with any new technique, nuclear magnetic reso- 
nance imaging has many unresolved potential problems. 
The most important of these are safety of the technique, 
organ motion, radiofrequency penetration and sensi- 
tivity. j 

Safety: There is no known hazard associated with 
nuclear magnetic resonance imaging. People exposed 
to high level magnetic fields near particle accelerators 
for many hours have had no ill effects. The radiofre- 
quency energy loss in the tissues has been calculated to 
be well below the recommended maximal long-term 
exposure of 10 milliwatts/cm?. Patients with a cardiac 
pacemaker present special problems because most 
pacemakers operate in a fixed rate mode in a strong 
magnetic field and may compete with a spontaneous 
rhythm. Furthermore the electrode may conduct in- 
duced currents and initiate arrhythmias. Human beings 
have undergone imaging without incident. Human 
images made thus far include an image Mansfield!? 
made of his own abdomen, Hinshaw's image!? of a 
human wrist and images of the head made by investi- 
gators employed by EMI Corporation.!? Nuclear mag- 
netic resonance imaging does not involve ionizing ra- 
diation such as that associated with X-ray or radionu- 
clide techniques. 

Organ motion: Motion of an organ such as the heart 
during nuclear magnetic resonance imaging may present 
problems not applicable to static imaging. It may be 

possible, by electrocardiographic gating of the radio- 
frequency pulsing sequence, to collect nuclear magnetic 
resonance images in a fashion analagous to that used 
with the gated blood pool scan. This and other ap- 
proaches remain to be investigated. 

Radiofrequency penetration: The ability to image 
an organ with nuclear magnetic resonance relies on the 
ability to excite all the relevant nuclei in the sample. If 
the pulsing radiofrequency signal cannot penetrate the 
sample (organ or body), the technique fails and images 
will not be produced. Or, the images may be recon- 
structed with unacceptable distortion. Radio frequency 
penetration is inversely related to the frequency, and 
rough estimates of radio frequency penetration have 


is not known at this time. If is unlikely that radio fre- 
quency penetration will be a serious problem for proton 
nuclear magnetic resonance imaging, although with W 
other nuclides it may be a formidable challenge. 

Sensitivity: Lastly, the sensitivity of the particular 
nuclide to detection by nuclear magnetic resonance and 
the concentration of the nuclide are the most important 
factors in producing useful images. Protons, which are 
highly abundant in biologic systems and are easily de- 
tectable with nuclear magnetic resonance, represent the 
best possible imaging agent. In contrast, phosphorus is 
present in relatively low concentration in cardiac tissue 
and is less than 10 percent as susceptible to detection 
by nuclear magnetic resonance as protons. Generating 
nuclear magnetic resonance images of phosphorous-31 
distribution with acceptable signal to noise ratios with 
even coarse resolution will be a significant challenge. 
Even if high resolution images of phosphorus-31 dis- 
tribution were technically impossible, valuable meta- 
bolic information might be obtained from the entire 
heart or large segments (for example, the anterior wall) 
by analyzing the phosphorus nuclear magnetic reso- 
nance spectrum from that large volume. One could 
envision using other methods such as radionuclide 
techniques to identify regions of myocardium and then 
using nuclear magnetic resonance data to assess via- 
bility in that region. Or, the metabolic status of the re- 
gion could be assessed during or after various inter- 
ventions, either pharmacologic, surgical or exercise- 
induced. Because the limitations of the approach are 
still unknown, the potential applications in cardiology 
as well as all medicine remain vast. 


Clinical Implications 


Nuclear magnetic resonance imaging is in its infancy 
and its potential applications are both innovative and 
exciting. The ability to extract biochemical and meta- 
bolic information from images noninvasively would be 
a powerful aid in diagnosing disease. The differentiation 
of ischemic from infarcted and normal tissues using 
biochemical rather than structural oreflow-dependent 
imaging methods is a real potential for nuclear magnetic 
resonance imaging and not possible using other tech- 
niques. As the field develops we look forward to im- 
proved technology, better image quality and solutions 
to the problems outlined. 
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CALENDAR OF EXTRAMURAL PROGRAMS 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research wogkers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the Continuing 
Education Committee for Extramural Programs 
assumes the overall responsibility for the 
caliber of the postgraduate education and the 
relevance to the practice of cardiology. This 
is accomplished by the processes of meticu- 
lous scrutiny of the objectives, analysis of the 
educational methods, and studying the impact 
of each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The Continuing Education Committee 
for Extramural Programs of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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DEC. Two-Dimensional Echocardiography 
4-6 vs. Cardiac Nuclear Imaging. Joel 
Morganroth, FACC, director and Leonard 
S. Dreifus, FACC and Gerald M. Pohost, 
.FACC, co-directors. The Franklin Plaza 
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DEC. Coronary, Hypertensive, Valvular and 
7-10 Myocardial Heart Diseases: The 
Multi-Disciplinary Approach. William C. 
Roberts, FACC, director. Williamsburg 
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DEC. Cardiovascular Disease: Achievements 
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JAN. Twelfth Annual Cardiovascular Con- 
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Theatre, Snowmass Resort, Snowmass, 
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Doppler Techniques, Pravin M. Shah, 
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Wong. co-directors. Sheraton Harbor 
Island Hotel, San Diego, CA 
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Good guess for a layman. But to you these are the enemy. 
i hey are Cytomegalovirus gastritis (A) Disseminated coccidi- 
oido mycosis (B) and Strongyloides stercoralis filariform larva 
(C)... infections which demand special care when they strike 
patients with pre-existing illnesses and deficiencies. They are 
among the many discussed in . . . 
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